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Determination of 17 -Monochloroacetylajmaline and 
Its Metabolite in Plasma by TLC Fluorescence Detection 


LAWRENCE J. DOMBROWSKI =, ALFRED V. R. CRAIN, ROBERT S. BROWNING, and 
EDWARD L. PRATT 


Abstract A sensitive and specific method is described for the 
determination of 17-monochloroacetylajmaline (I) and its metabo- 
lite, ajmaline (II), in plasma. Method specificity is accomplished 
by combining an ion-pair extraction with chromatography fol- 
lowed by development and utilization of reaction product fluores- 
cence of the isolated species on silica gel. Recovery of I and I1 
added to plasma or water averaged 70%. The major loss in the 
assay resulted during a solvent evaporation step and was reproduc- 
ible over the concentration interval studied. The limit of detecta- 
bility for I is 0.06 pg/2 ml of plasma. The method was used to de- 
termine plasma levels of I and I1 in the dog following a dose of 10 
mg/kg iv of I. 


Keyphrases 0 17-Monochloroacetylajmaline and ajmaline-TLC 
determination in plasma Ajmaline and 17-monochloroacetyl- 
ajmaline-TLC determination in plasma TLC-determination, 
17-monochloroacetylajmaline and ajmaline in plasma 


Ajmaline, an alkaloid base of Rauwolfia, causes a 
direct antiarrhythmic effect in humans. Its use as a 
therapeutic agent in the treatment of cardiac ar- 
rhythmias is well documented (1-5). Preliminary in- 
vestigations indicated that the 17-monochloroacetyl 
ester (1)l of ajmaline (11) may have advantages in 
controlling arrhythmias. 


A sensitive and specific assay procedure was need- 
ed to study the pharmacokinetics of I in mammals. 
The analytical methods available for measuring the 
parent compound, 11, include polarography, TLC, 
spectrofluorometry, and colorimetry (6-10). How- 
ever, the cited procedures either do not possess suffi- 
cient sensitivity or are nonselective. 


A procedure based upon quantitative TLC was de- 
veloped in this laboratory; it permits measurement of 
both I and I1 in plasma. Detection was based upon 
the intense blue fluorescence produced on silica gel 
by I after its reaction with nitric and acetic acids. 
Ajmaline did not register any fluorescence with the 
reagents but produced a fluorescent derivative on sil- 
ica gel after heating for 0.5 hr at 100'. When exam- 
ined under UV light (360 nm), the intensity of the 
fluorescence developed for each substance was pro- 
portional to concentration. The detection limits for I 
and I1 on a silica gel plate were 0.01 and 0.10 pg, re- 
spectively. 


Ion-pair extraction coupled with fluorescence de- 
veloped on the TLC plate permitted measurements 
of I and I1 that were selective and sensitive. 


EXPERIMENTAL 


Reagents and Apparatus-A spectrodensitometer2 equipped 
with a xenon mercury 200-w lamp was used. All chemicals and sol- 


Ritmos Elle, Inverni della Beffa. 
Model SD 3000, Schoeffel Instrument. 


vents used were analytical reagent grade. Precoated TLC plates3 
(20 X 20 cm) were used, and the solvent system was benzene-ace- 
tic acid-methanol (8673). 


Standards-Standard solutions of I and I1 were prepared in 
methylene chloride and diluted to obtain final drug concentrations 
corresponding to 20 and 120 pglml, respectively. 


Isolation from Plasma-Two milliliters of plasma was mixed 
with 2 ml of 1 M sodium bicarbonate and extracted tyice (2 min 
each) with 20 ml of ether. The ether extracts were pooled in a 60- 
ml separator and washed with 4-5 ml of water. The wash was dis- 
carded, and the ether was reextracted twice with 4 ml of 0.1 M hy- 
drochloric acid. The acids were combined in a 50-ml centrifuge 
tube (A) and extracted with 5.0 ml methylene chloride for 1 min. 
After centrifuging (2000 rpm) for a few minutes, a 7.0-ml aliquot of 
the aqueous layer was transferred to a second 50-ml centrifuge 
tube (B) and reserved for the assay of 11. 


17-Monochloroacetylajmaline Assay-The methylene chloride 
contained in Tube A was transferred to a 15-ml glass-stoppered 
conical test tube and dried by mixing with 500 mg of anhydrous so- 
dium sulfate. Depending upon the concentration of I, a suitable 
volume (0.25-4.0 ml) of the methylene chloride was pipetted into a 
conical tube and the volume was reduced to about 30 pl with a 
stream of dry nitrogen. The total residual volume was applied to a 
prescored TLC plate using a 10-pl syringe. Several 15-pl volumes 
of methylene chloride were used as a rinse for quantitative trans- 
fer. 


Volumes of the standard solution, 2.5, 5.0, 10.0, and 20.0 pl cor- 
responding to 0.05, 0.10, 0.20, and 0.40 Mg of I, respectively, were 
spotted in series on the same plate containing the unknown. After 
development to 15 cm, the plate was air dried and lightly sprayed 
with 6 M nitric acid and then with acetic acid. The plate was light- 
ly heated by positioning it 5-10 cm above a warm hot plate for 
about 60 sec. When examined under UV light (360 nm), blue fluo- 
rescent spots were observed for I a t  Rf 0.35. The amount of I in the 
unknown was then estimated by visual comparison with the stan- 
dard series. 


Ajrnaline Assay-To Tube B were added 0.6 ml of 1 M sodium 
hydroxide and 2 ml of 1 M sodium bicarbonate. The mixture was 
extracted with 5.0 ml of methylene chloride by shaking for 2 min. 
After centrifuging, the aqueous phase was aspirated and discarded. 
The organic phase then was dried by mixing with about 500 mg of 
anhydrous sodium sulfate. Depending upon the concentration of 
11, a suitable volume (1.0-4.0 ml) of the methylene chloride was 
evaporated and spotted on a silica gel plate as described for the I 
assay. 


Volumes of the standard solution, 2.5, 5.0, 10.0, and 20.0 r l  cor- 
responding to 0.3, 0.6, 1.2, and 2.4 pg of 11, respectively, were also 
spotted on the same plate. After development to 15 cm, the plate 
was air dried and placed in a looo oven for 1 hr. When examined 
under UV light (360 nm), fluorescent spots were observed for I1 at 
Rr 0.20. The amount of I1 in the unknown then was estimated by 
visual comparison with the standards. 


Densitometry-Standards and unknowns were spotted at the 


0-R 
/ 


I: R = COCH,CI 
11: R = H 


Silica gel 60 F-254. 
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Table I-Densitometric Determination of 
17-Monochloroacetylajmaline (I) 


Number of Peak Height 
Determina- Coefficient 


Plate Amount of I Each  Variation, 
tions on of 


Number Spotted, pg Plate  % 


1 0.025 5 7 . 0  
2 0.050 5 6 . 3  - 
3 0,100 5 
4 0.150 5 
5 0.200 5 


5 . 2  . .- 


3.8 
5.0 


6 0.250 5 2 . 4  
7 0.300 5 4.8 


origin at  a minimum distance of 2 cm apart. No more than 2 p1 was 
used at  a time, and exactly 60-pl of total volume was used for each 
spot. The plate was developed, and the fluorescence was visualized 
=.already described. The plate then was scanned using the fol- 
lowing instrumental parameters: excitation and emission wave- 
lengths, 365 and 465 nm; excitation and emission slitwidth, 2.0 mm 
each; sensitivity, 0.4; gain, 0.78 and chart speed, 10.2 cm (4 in.)/ 
min. Calibration curves were constructed from a plot of peak 
height uersus concentration. 


RESULTS AND DISCUSSION 


In basic methanol, I exhibits moderate fluorescence emission 
(excitation maximum 290 nm, emission maximum 340 nm); trace 
quantities of I were readily measured when present in uncompli- 
cated systems. However, attempts to utilize this fluorescence for 
the measurement of I in plasma were unsuccessful because of in- 
terferences caused by components in the plasma. For example, 
when a volume of the body fluid (blank) was carried through vari- 
ous extraction procedures, a large fluorescence background was 
consistently produced which considerably lowered the detection 
sensitivity of I. This particular problem was circumvented by pre- 
paring a fluorescent derivative of I with different characteristic 
wavelength maxima. 


A derivative was readily formed when a dilute solution contain- 
ing the drug was reacted with nitric and acetic acids. The reaction 
was complete within a few minutes at room temperature. The uni- 
dentified product strongly fluoresced in solution at 480 nm when 
excited using 360-nm radiation. However, the intensity of the fluo- 
rescence was very sensitive to reaction conditions and was not re- 
producible. Erratic fluorescence was obtained even when variables 
such as time, temperature, and reagent concentrations were rigidly 
controlled. The nonreproducible measurement appeared to be 
caused by an unstable intermediate formed from the initial reac- 
tion of I with nitric acid. 


Further investigation revealed that a similar fluorogen was pre- 
pared from I after the drug was adsorbed on a silica gel surface and 
then lightly sprayed with nitric and acetic acids. However, in this 
case the fluorogen prepared in situ was reproducible and the re- 
sponse was linear for quantities of the drug between 0.025 and 0.40 
PLg. 


The development of the fluorogen was hastened when the plate 
was lightly heated by positioning it several inches above a hot 
plate for short time intervals (about 15 sec). Between each time in- 
terval, the increase in the developed fluorescence intensity was 
readily assessed by examining the plate under UV light. Generally, 
heating for about 1 min was required to attain maximum sensitivi- 
ty. Longer heating times up to several minutes did not appear to 
alter the fluorescence signal. Heating was not essential to the de- 
velopment of the fluorescence, but at least 2 hr a t  room tempera- 
ture was required to produce the maximum response. 


Furthermore, it was not necessary to spray with nitric and acetic 
acids in the order specified. However, sensitivity for I was some- 
what diminished if the order was reversed. Also, too little nitric 
acid or a large excess of the reagent resulted in lower sensitivity. 
Consistency was obtained if a plate was examined under W light 
before spraying further with nitric acid. The reagent was added 
until the indicator fluorescence was completely quenched and pro- 
duced a uniform background across the entire plate. 


Determination of the nature of the fluorogen formed from I on 


t 
E L  150 


i . 1  g 100 


0 0.05 0.10 0.15 0.20 0.25 0.30 
CONCENTRATION, pg/spot 


Figure 1-Standard curve for densitometric measurement of  
17-monochloroacetylajmal ine. 


silica gel was not attempted. The reaction appears to involve either 
the 17-monochloroacetyl moiety or some functional group other 
than hydroxy in the 17-position, since I1 did not produce any fluo- 
rescence when treated with nitric and acetic acids in solution or on 
a silica surface. An attempt was made to determine ajmaline quan- 
titatively uia nitric acid fluorescence by first esterifying the drug 
on silica gel. In this experiment, acetic anhydride rather than the 
toxic monochloroacetic anhydride was employed as the acylating 
agent. This approach apparently failed since, after treating ajma- 
line with the anhydride, no fluorescence response was observed on 
subsequent spraying with nitric acid. 


When adsorbed on a silica surface, ajmaline was found to pro- 
duce slowly an unidentified fluorescent product on exposure to flu- 
orescent room light a t  25". Under these conditions, several hours 
was required before the first visible trace of fluorescence was evi- 
dent and about 8 hr was needed before the maximum sensitivity 
was attained. Fluorescence development was hastened when the 
silica plate was heated briefly a t  100". A t  this temperature, maxi- 
mum fluorescence was attained within 0.5 hr. Extending the heat- 
ing time to 2 hr did not alter the sensitivity. Therefore, a reaction 
time of 1 hr was chosen for the assay procedure. 


An alternative method for determining ajmaline was found 
using the phthalaldehyde reaction previously employed by Maick- 
el and Miller (11). The ajmaline-phthalaldehyde derivative fluo- 
resced maximally when dissolved in concentrated sulfuric acid (ex- 
citation maximum 475 nm, emission maximum 530 nm). Because 
of the relatively large background produced by excess phthalal- 
dehyde, ajmaline sensitivity was only one-half that achieved with 
the proposed TLC procedure. 


Two amine groups are present in both I and 11. Potentiometric 
titration of either compound with acid resulted in only one break 
in the titration curve. This suggested that the amine basicities are 
similar and are not readily resolved. Consequently, the experimen- 
tally observed pKa value is an apparent one and probably repre- 
sents the mean of the two basic sites. Nevertheless, similar values 
were found for I and I1 (pKa about 7.4 each), and both compounds 
were extracted readily with ether from plasma. They were then 
back-extracted with 0.1 M hydrochloric acid. Methylene chloride 
selectively extracted I from the acid phase, the partitioning being 
about 97% complete. Ajmaline remained in the aqueous acid and 
was extracted with methylene chloride after adjusting the pH back 
to about 8.5. 


This separation of the two alkaloids from an acid medium was 
surprising since both compounds have similar solubilities. The 
greater hydrophobic character shown by ajmaline may be due to 
an increase in hydrogen bonding caused by the additional hydroxy 
group in the 17-position. A similar observation was recently made 
by Eksborg et al. (12), who determined extraction constants for a 
variety of amines and various counterions and concluded that hy- 
drophilic substituents such as hydroxy and carboxyl groups gener- 
ally cause a reduction in extraction constants. Because I is pre- 
dominantly protonated in 0.1 M hydrochloric acid, it is concluded 
that the extraction of I with methylene chloride from the acid me- 
dium occurs as the chloride ion-pair. 
Accuracy and Precision-The recovery of added I and I1 from 


control plasma and water was determined by processing 2 ml of 
fluid through the complete assay procedure. The average recovery 
was 70% and was constant for any drug level between 0.06 and 10.0 
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Figure 2-Plasma profile of 17-monochloroacetylajmaline 
and ajmaline in Dog A (15.6 kg)  and Dog B(10.5 k g ) ,  each 
receiving a 10-mg injection of I l k g .  K e y :  *, 17-monochloro- 
acetylajmaline; and A, ajmaline. 


pg/2 ml of either fluid. The coefficient of variation also was. con- 
stant for any level within the examined range. Based upon visual 
estimate, it is reported to be 20% (n  = 3). The major recovery loss 
in the assay (15-20%) was due to the methylene chloride evapora- 
tion step and was determined by comparing direct standards 
against evaporated standards. For example, when a volume (0.25- 
4.0 ml) of a methylene chloride solution (0.1 pg of I/ml) was re- 
duced to about 30 r l  and transferred to a TLC plate as directed in 
the assay for I, only 80% of I was recovered in the process. Coating 
the tubes with chlorotrimethylsilane did not improve the recovery. 


Using a densitometer, linear relationships between peak height 
and applied quantity of I were obtained up to 0.3 pg of drughpot. 
A typical calibration curve is shown in Fig. 1. The small coeffi- 
cients of variation reported in Table I indicate that densitometric 
measurements within a single plate are quite reproducible. The re- 
covery of I from plasma (0.03-5.0 pg/ml) also averaged 70% when 
determined by densitometry. 


Fluorescence calibration curves derived from two separate TLC 
plates sometimes showed sensitivity slopes with differences as 
great as 130%. This large variation made it necessary to spot stan- 
dards along with any unknowns on each plate. A single plate (20 X 
20 cm) would conveniently accommodate four standards and five 
samples. The precision data reported in Table I indicate that sen- 
sitivity variations within a single plate were less than 7%. Also er- 
rors due to spot application and unevenness of spraying were satis- 
factorily overcome. 


Plasma Levels of I and I1 in Dog-The proposed method was 
used to determine plasma levels of I and I1 in two beagle dogs (A 


and B). Each dog was medicated with I (10 mg/kg iv). Blood vol- 
umes were collected between 2 and 45 min after administration. 
Plasma concentrations are illustrated in Fig. 2 and show a rapid 
decrease in I with time. The biological half-life is approximately 3 
min. Persistent and significant levels of I1 were obtained which in- 
creased with time. No metabolites other than ajmaline were de- 
tected in the TLC chromatogram. Further supportive evidence for 
the presence of I and I1 in the dog plasma was obtained using an 
alternative TLC system composed of chloroform-acetic acid (80 
20) (Rr 0.49 and 0.18, respectively). 


In summary, a quantitative TLC assay procedure is presented 
which sensitively measures 17-monochloroacetylajmaline and its 
metabolite, ajmaline, in plasma. Extractions prior to chromatogra- 
phy effectively removed interfering plasma components, and rela- 
tively simple TLC chromatograms were obtained. Method specific- 
ity results from the following: (a)  selective extraction of I from hy- 
drochloric acid with methylene chloride, ( b )  separation of the ex- 
tractables using TLC, and (c) fluorescence developed by both I 
and I1 on silica gel. The proposed method was tested on dogs, and 
levels of both I and I1 were found following intravenous injection 
of I. 
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Stability Study of Nitroglycerin Sublingual Tablets 


DONALD P. PAGE’, N. AUBREY CARSON, CLARENCE A. BUHR, PAUL E. FLINN, 
CLYDE E. WELLS, and MARGARET T. RANDALL 


Abstract 0 Nitroglycerin sublingual tablets were studied over a 
l-year period to determine tablet stability in terms of loss of 
strength, uniformity of tablets, and degradation of the drug itself. 
Tablets from six different firms were analyzed by a semiautomated 
procedure. The samples included two molded tablets and four 
compressed tablets, ranging in age at  the time of initial assay from 
40 days to  over 1 year. The results indicated that there is a loss of 
strength of nitroglycerin tablets and that refrigeration slows down 
this loss. The study also indicated that these tablets were stable 
during the year of testing in terms of tablet uniformity and degra- 
dation of nitroglycerin. 


Keyphrases 0 Nitroglycerin sublingual tablets-stability study, 
loss of strength, uniformity of tablets, and degradation of drug 


Tablets, sublingual nitroglycerin-stability Content unifor- 
mity-nitroglycerin sublingual tablets Stability-nitroglycerin 
sublingual tablets, loss of strength, uniformity of tablets, and deg- 
radhtion of drug 


Much recent research has been devoted to the tab- 
leting, packaging, storage, and analysis of sublingual 
nitroglycerin tablets. In 1973, Fusari (1) reported 
that tablets that were uniform when manufactured 
developed increased individual tablet variation upon 
storage because of the volatilization and subsequent 
intertablet migration of nitroglycerin. It has been re- 
ported (1-3) that packing materials, such as cotton 
and rayon, in contact with nitroglycerin tablets ab- 
sorb varying amounts of nitroglycerin. 


In light of all that has been reported about the 
problems of packaging and storage of sublingual ni- 
troglycerin, a study was carried out to determine the 
stability of sublingual nitroglycerin in tablets in 


L \ 


4 I\. 


3 6 
MONTHS 


12  


Figure l-Average of the 180 individual tablet assays ( in 
percent of label declaration) versus time of storage after receipt. 


l2 t 


3 6 
MONTHS 


12 


Figure 2-L.oss in percent of label declaration versus time 
of storage in this laboratory. 


terms of loss of strength, uniformity of tablets, and 
degradation of the drug itself. 


One batch was sampled from each manufacturer of 
sublingual nitroglycerin. This sample consisted of 24 
bottles from the batch most recently released by the 
firm’s quality control department. The samples used 
were as follows. 


Manufacturer A: 0.65-mg (l/loo-gr) compressed 
tablets, manufactured December 24, 1971; 1000-tab- 
let amber glass bottle, metal cap with paper liner ei- 
ther waxed or plastic covered, shrink-fit seal over 
bottle mouth, and cotton packing in bottle. 


Manufacturer B: 0.6-mg molded tablets, manufac- 
tured November 16 to December 10,1971; 100-tablet 
amber glass bottle, metal cap, and rayon packing. 


Manufacturer C: 0.6-mg molded tablets, manufac- 
tured November, 22 to December 7, 1971; 100-tablet 
linear polyethylene bottle, tin-plated screw cap with 
linear paraffin wax on liner, glassine paper seal on 
bottle, and rayon packing. 


Manufacturer D: 0.4-mg compressed tablets, man- 
ufactured February 22 to February 26, 1971; 100-tab- 
let amber plastic bottle, metal screw cap with liner, 
and cotton packing. 


Manufacturer E: 0.43-mg (l/lSo-gr) compressed 
tablets, manufactured July 19 to August 9, 1971; 
1000-tablet bottle; nine amber plastic with metal cap 
and 15 amber glass with plastic cap, both with 
shrink-fit seal and all with cotton packing. 


Manufacturer F: 0.6-mg compressed tablets, re- 
leased by quality control October 11, 1971; 1000-tab- 
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Table I-Average of 180 Tabletse 


Percent of Label Declaration 
Approximate 


Age of Sample Coe5cient of 
Manu- at Assay, Average of Variation, 


facturer Dosage days 180 Tablets % Range 


B 0 .6  mg 


C 0.6 mg 


D 0.4 mg 


E* 


A 0.65 mg 40 
( ~ / I O O  gr) 


130 


220 


405 


72 


162 


252 


435 


80 


170 


260 


448 


387 


473 


568 


746 


243 


334 


89.4 
89.5 (T) 
88.9 (M) 
89.6 (B) 
84.5 
84.1 (T) 
84.8 (M) 
84.5 (B) 
81.4 
80.9 (T) 
83.3 (M) 
80.1 (B) 
78.4 
79 . O  (T) 
78.4 (M) 
77.7 (B) 


102.4 
101.8 (T) 
102.1 (M) 
103.4 (B) 
100.8 
101.9 (T) 
100.1 (M) 
100.6 (B) 
101.2 
101.8 (T) 
101.4 (M) 
100.5 (B) 
100.4 
100.8 (T) 
100.9 (M) 
99.4 (B) 


110 .o 
111.7 (T) 
108.8 (M) 
109.5 (B) 
109.1 
108.8 (T) 
110.3 (M) 
108.1 (B) 
106.5 
108.7 (T) 
106.1 (M) 
104.6 (B) 
105.2 
104.9 (T) 
104.5 (M) 
106 . O  (B) 
106.5 
107 .O (T) 
105.3 (M) 
107.3 (B) 
101.4 
101.7 (T) 
100.9 (M) 
101.5 (B) 
98.6 
97.7 (T) 
99.1 (M) 
99.1 (B) 
94.6 
94.8 (T) 
93.6 (M) 
95.4 $3) 


107.8 
107.4 (T) 
107.8 (M) 
108.3 (B) 
107.6 
107.7 (T) 


5 . O  
4 .6  
4 .2  
6 .2  
5 . O  
5 .7  
5 . 3  
4 . 1  
5 .9  
5 .9  
5 .6  
5 .7  
5 .2  
5 . 3  
4.9 
5 . 5  
4 .9  
4 .6  
5 .4  
4 .6  
4 .9  
4 .6  
5 .2  
5 .2  
5 . 2  
6 .1  
4 .8  
4 .8  
4 .6  
4 .7  
4 .5  
4 .7  
7 . 7  
8 . 4  
8 . 7  
6 .O 
7 . 3  
8 . 0  
5 . 8  
8 .o 
8 .o 
7 . 3  
7 .7  
9 . 1  
7 . 5  
8 . 1  
6 .9  
7 .5  
6 . 1  
5 .9  
5 .9  
6 .4  
5 . 5  
6 . 1  
5 . 2  
5 . 1  
5 .2  
5 .2  
5 .3  
5 . 1  
5 . 3  
5 . 5  
5 . 4  
5 . O  
4 . O  
4 . 1  
3 .8  
4 .O 
3 . 5  
4 . O  


77.3-109.2 


71.8-96.4 


70 .8-97 .3  


70.4-94.1 


89 .2-115 


87.3-114.8 


86.1-117.1 


88.5-112.4 


74.5-134.0 


86.6-129.2 


78.7-134.8 


82.6-121.9 


89.3-129.7 


90.0-120.5 


88.9-117.4 


79.6-111.6 


94.5-117.1 


103.2-127 . 4  


(continued) 


Vol. 64, No. 1, January 1975 1 141 







Table I- (Continued) 
~~ 


Percent of Label Declaration 
Approximate 


Age of Sample Coefficient of 
Manu- at Assay, Average of Variation, 


facturer Dosage days 180 Tablets % Range 


108 . O  (M) 4 . 7  
107.1 (B) 3 . 7  


Fc 0 . 6  m g  


426 


608 


105.4 
104.2 (T) 
105.7 (M) 
106.3 (B) 
104.1 
101.6 (T) 
104.5 (M) 
106.2 (B) 


4 . 2  87.0-117.2 
4 . 4  
4 . 3  
4 .O  
5 .O  91 .6-127.7 
4 . 5  
5 . 1  
5 . 4  


209 97 .O 21.8  50.5-200.4 
9 6 . 7  (T) 17.7  
9 4 . 9  (M) 2 3 . 2  
9 9 . 4  (B) 2 4 . 6  


8 7 . 8  (T) 1 6 . 8  
9 7 . 6  (M) 18 .4  


302 9 4 . 2  1 8 . 8  54.5-145.7 


9 7 . 1  (B) 2 1 . 1  
393 


577 


9 6 . 8  
9 7 . 1  (T) 
9 2 . 6  (M) 


100.8 (B) 
9 5 . 8  
9 2 . 2  (T) 
9 6 . 6  (M) 
9 8 . 6  (B) 


21 .o 
2 2 . 6  
1 9 . 7  
21 .1  
22 .9  
21 .8  
2 3 . 3  
2 3 . 3  


51 .8-167 .8 


47 .3-167 .6 


a Sixty each from top (T), middle (M), and bottom (B) of the bottle at 0, 3, 6, and 12 months after receipt in this laboratory. Batch failed USP XVIII 
tablet disintegration test. ' Batch failed USP XVIII content uniformity requirement. 


let amber glass bottle, metal screw cap with shrink-fit 
seal-closures, and cotton packing. 


EXPERIMENTAL 


Analytical Protocol-Six of the 24 bottles in each batch were 
analyzed within 1 month of receipt. From each of the six freshly 
opened containers, 10 tablets were sampled from the top layer, 10 
from the middle layer, and 10 from the bottom layer (180 tablets 
total). These 18 groups of tablets were kept discrete and traceable 
to the point of sampling (bottle and layer). 


The remaining 18 bottles from the batch were divided into three 
groups of six each for subsequent analyses. The subsequent analy- 
ses were performed 3,6 ,  and 12 months after the date of the origi- 
nal analysis and utilized the identical sampling technique. 


Table I shows the average of these 180 assay results together 
with the averages of the 60 tablets from the top, middle, and bot- 
tom of the six bottles. Figure 1 is a graphic representation of the 
average assay of the 180 tablets in relation to the time of storage of 
the samples after receipt. Figure 2 shows the percent loss of the six 
products based on the average of the 180 individual tablet assays. 


The six containers opened for the original analyses (zero time) 
only were treated additionally as follows. After initial analysis, the 
bottles were tightly reclosed. Three bottles were stored at 5', and 
the remaining three bottles were stored a t  ambient temperatures 
ranging from 15.5 to 33'. After 3,6,  and 12 months, 11 tablets were 
sampled at random from each of six containers, and the containers 
were tightly reclosed after each withdrawal. 


Ten of the 11 tablets from each container were individually ana- 
lyzed by the same procedure used for the original analysis; the re- 
maining tablet from each bottle was analyzed by TLC. Table I1 
shows the average assays for tablets from the three bottles stored 
at  5 O  (10 from each bottle) and the three bottles (10 from each hot- 
tle) stored at  12.8-29.4'. These analyses were made on the same 
bottle of tablets each of the assay times of 0, 3, 6, and 12 months. 
Figure 3 shows the difference in percent of label claim between the 
averages of those stored at 5' and those stored at room tempera- 
ture. 


Bottle packing material and cap liners were analyzed for nitro- 
glycerin by quantitative TLC to see if the loss in strength could be 


attributed to adsorption onto the packing material. Table 111 
shows the results of the TLC analysis performed on freshly opened 
bottles. 


Principles-The nitroglycerin tablet is disintegrated with a 
small amount of water and then extracted with a suitable aliquot 
of isooctane. A portion of the isooctane extract is sampled by an 
automated analyzer system, which hydrolyzes the nitroglycerin 
with tetramethylammonium hydroxide in 1-propanol, yielding 2 
moles of nitrite ion from each mole of nitroglycerin (4). 


p -  Chloroaniline in propanol is diazotized by the nitrite formed; 
the diazotized product is then coupled with N-  (I-naphthy1)eth- 
ylenediamine in I-propanol. The absorbance of the resultant color 
is determined at  550 nm. 
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Figure 3-Difference in  percent of label declaration between 
tablets stored a t  5 O  and room temperature (RT) versus time of 
storage i n  this laboratory. 
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Table 11-Summary of Analysis of Subsamples 1-3 (Refrigerated) and  446 (Room Temperature) 


Percent of Label Declaration 
Approximate 


Age of Sample Average Coefficient of 
Manu- at Assay, Sub- (Number of Variation, 
facturer Dosage days sample Tablets) % 


A 0.65 m g  40 1-3 89.6 (90) 5 . 3  
(1/100 gr) 4-6 89.1 (90) 4 .8  


130 1-3 90.6 (30) 6 . 5  
4-6 85.1 (30) 5 . 3  


220 1-3 87.8 (30) 6 . 3  
4-6 84.3 (30) 5 .5  


405 1-3 87.5 (30) 4 . 3  


- 


4-6 76.3 (30) 5 . 1  
72 1-3 102 .o (90) 4 .8  


4-6 102.8 (90) 4.6 
162 1-3 101.8 (30) 6 . 5  


4-6 101.6 (30) 3 .6  
252 1-3 99.3 (30) 4 .3  


4-6 100.2 (30) 5 . 3  
435 1-3 101 . O  (30) 6 .6  


4-6 97.9 (30) 4.6 


B 0.6 m g  


C 


D 


E 


F 


0 .6  m g  


0.4 mg 


0 .6  m g  


80 1-3 109.7 (90) 
4-6 110.2 (90) 


170 1-3 107.3 (30) 
4-6 105.6 (30) 


260 1-3 113.7 (30) 
4-6 104.3 (30) 


7 .6  
8 . 1  
7 .7 


10.2 
7.9 


10.7 
435 


22 


108 


203 


381 


243 


334 


426 


608 


209 


302 


393 


577 


1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 
1-3 
4-6 


103.3 (30) 10 .o 
92.3 (30) 13.5 


106.7 (90) 6.1 
106.3 (90) 6 . O  
105.3 (30) 5 .2  
99.4 (30) 5.0 


103.1 (30) 5.9 
92 . O  (30) 5 .O  


101.7 (30) 5 .5  
82.7 (30) 5 .7  


107.9 (90) 
107.7 (90) 
108.9 (30) 
106.8 (20) 
109.3 (30) 
106.6 (20) 
107.8 (30) 
104.6 (20) 
99.7 (90) 
94.3 (90) 
96.5 (30) 
96.8 (30) 
97 . O  (30) 
95.8 (30) 


3 . 5  
4 .4  
3 .5  
4 . o  
4 . o  
4 .3  
3.2 
2.9 


22 .I 
21.5 
22.8 
24.7 
20.7 
17.1 


101.7 (30) 25.7 
91.7 (30) 17.9 


Apparatus-The automated analyzer' system consisted of a 
liquid sampler I1 equipped with stainless steel cover plate2, a pro- 
portioning pump I, a colorimeter equipped with either an 8- or a 
15-mm tubular flow cell (depending on drug dosage level) and 
550-nm filters, and a single-pen recorder3, linear in transmittance 
and provided with paper printed in absorbance units, moving at  46 
cm (18 in.)/hr. Figure 4 is a manifold diagram showing the coils, 
tubing, and fittings. 


Reagents-The following were used: 
Nitroglycerin Adsorbate -About 10% nitroglycerin adsorbed on 


lactose, standardized against potassium nitrate using the AOAC 
total nitrate method (5). 


Zsooctane-ACS reagent grade 2,2,4-trimethylpentane. 


AutoAnaIyzer, Technicon Corp., Tarrytown, NY 10591 
Technicon No. 127-B029. 
Bristol. 


I-Propanol-ACS reagent grade. 
Tetramethylammonium Hydroxide Solution-Prepared by di- 


luting 25 ml of aqueous 10% tetramethylammonium hydroxide to 
1000 ml with 1-propanol. 


p-Chloroaniline Solution-Prepared by adding 500 mg to 100 
ml of hydrochloric acid, shaking the mixture to disperse, diluting 
to 1000 ml with 1-propanol, and shaking to dissolve. A fresh solu- 
tion should be prepared weekly. 
N-(1-Naphthy1)ethylenediamine Dihydrochloride Solution- 


Prepared by adding 1 g to 5 ml of water, shaking the mixture to 
disperse, adding 5 ml of hydrochloric acid, diluting to 1000 ml with 
1-propanol, and shaking to dissolve. A fresh solution should be 
prepared weekly. 


Nitroglycerin Standard Solution-(a) For analysis of 0.3 and 
0.6 mghblet: An amount of adsorbate equivalent to approximate- 
ly 12 mg of nitroglycerin is accurately weighed, transferred to a 
1000-ml volumetric flask containing 400 ml of isooctane, shaken 
intermittently for 15 min, diluted to volume with isooctane, and 
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Figure 4-Manifold diagram for semiautomated method of analysis for nitroglycerin tablets. 


mixed. Just before use, a 50-ml aliquot is shaken with 1 ml of water 
for 1 min, and the clear isooctane layer is decanted into the auto- 
mated analyzer cup. 


(b) For analysis of 0.4 mghblet: An amount of adsorbate equiv- 
alent to 16 mg of nitroglycerin is accurately weighed and treated as 
in (a). 


(c) For analysis of 0.15 mghblet: Solution a (25.0 ml) is trans- 
ferred to a 125-ml glass-stoppered erlenmeyer flask; then 25.0 ml 
of isooctane is added, and the solution is mixed. Just before use, it 
is shaken for 1 min with 1 ml of water, and the clear isooctane 
layer is decanted into the automated analyzer cup. The dry isooc- 
tane solutions are stable for at least 2 months if kept tightly stop- 
pered. 


Sample Preparation-Single tablets are disintegrated with 0.5 
or 1.0 ml of water in a glass-stoppered flask, 25 or 50 ml of isooc- 
tane is added, and the solution is shaken mechanically for 15 min. 
The amounts of solvents necessary per dosage level are: 


dosage, mg water, ml isooctane, ml 
0.6 1.0 50 
0.4 0.5 25 
0.3 0.5 25 
0.15 0.5 25 


The decanted isooctane extract is sampled from 8.5-ml polyeth- 
ylene cups by the sampler a t  a rate of 20 sampleshr with a sample- 
to-wash ratio of 1:l. The sample stream is mixed with a stream of 
tetramethylammonium hydroxide solution and air in a Teflon coil; 
p-chloroaniline solution is added and mixed into the resulting 
stream, followed by N- (1-naphthy1)ethylenediamine dihydrochlo- 
ride solution. The stream is delayed with a full delay coil and then 
passed through a colorimeter having 550-nm filters. 


An 8-mm flow cell is used for dosage levels of 0.3, 0.4, and 0.6 


SRMPLCR I1 
a. 111 


ISOOC TRNC 


SRMPL C 


TMAH SOL U TION 


A I R  


PCA SOLUTION 


NCD SOLUTION 


R - ACIDFLfX 
T - TYGON 
R - NRSTC 


mg; a 15-mm flow cell is used for a dosage level of 0.15 mg. The 
sampling pattern is two stindards, five samples, one standard, five 
samples, one standard, five samples, etc. The first standard on 
each sample wheel is ignored in calculations because some absorp- 
tion takes place in the tubing. A stainless steel sample cover plate 
must be used, and the sample solutions should not stand in the 
cups any longer than necessary before sampling because of evapo- 
ration of solvent. 


TLC-TLC Plates-Silica gel G4 (20 X 20 cm) plates were pre- 
pared (for the quantitative visual estimation method) by scooping 
out nine channels (2 mm wide) to give 10 bands of thin layer 18 
mm wide. 


Silica gel GF4 (20 X 20 cm) prescored plates were prepared (for 
the quantitative colorimetric estimation by TLC) by scooping out 
three channels (2 mm wide, each channel a t  score mark on glass 
plate) to give four bands of thin layer 38 mm wide. 


Deoeloping Solution-Benzene-ethyl acetate-acetic acid (164: 
1) (6) was used. 


Spray Reagent -A solution of 1% N- (1 -naphthyl)ethylenedia- 
mine dihydrochloride in methanol was prepared. Visualization was 
achieved by exposing the plates to UV light after spraying. 


Standard-Potassium nitrate standard solution and standard 
preparation were prepared according to USP XVIII. 


Plate Standard -A mixture of nitroglycerin, 1,3-dinitroglycer- 
in, 1,2-dinitroglycerin, and mononitroglycerin in alcohol was pre- 
pared and applied to the TLC plates using disposable pipets. 


Packing Material-The plugs of packing material from the bot- 


Supplied by Analtech, Brinkmann Instruments, Inc., Westbury, NJ 


5 Supplied by Dr. Philip Needleman, Washington University School of 
11590 


Medicine. 
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Table 111-Results of T L C  Analysis of Packing Material and Cap Liners 


Approximate Found, m g  


Manu- a t  Assay, Nitro- 1,3-Dinitro- 1,2-Dinitro- 
facturer days Material glycerin glycerin glycerin 


Age of Material 


Cotton packing 1 .03 0.07 0.05 
Liner 


0.06 Cotton packing 1.1 0.17 
Liner 0.01 


- - - A 220 


405 - - 
B 252 Rayon packing 


435 Rayon packing 
Liner 


Liner 


- 
- 


0.03 
0.003 
0.05 
0.01 


- 
- 


260 Rayon packing 0.26 0.05 0.01 
- 


C 
Liner 0.01 - 


Liner 0.004 
0.02 
- 


0.098 
- 


448 Rayon packing 0.31 


D 


E 


F 


203 Cotton packing 
Liner 


1 . 4  
0.27 


0 . 0 1  
- 


0.01 - 
0.03 


- - 
381 Cotton packing 2 .o 0.04 


Liner 0.22 
243 Cotton packing 0.274 0.01 0.01 


- - Liner 0.014 


0.05 Liner 
393 Cotton packing 7 . 1  0.12 


Liner 0.02 


Liner Trace Trace 


302 Cotton packing 2 .8  0.08 0.63 
- - 


0 . 1  
- - 


Cotton packing 8.8 0.22 0 .2  
Trace 


577 


tles were placed in a 5-ml hypodermic syringe with about 3 ml of 
methanol and agitated by rotating between the fingertips. They 
were then injected into disposable pipets containing a small 
amount of powder6 to control the flow of liquid to the TLC plate. 
Pipets were standing at  right angles to the plate with their tips 
touching the plate. Four replacement washes with methanol were 
applied. 


Wax Paper Liners-The wax paper liners from the bottles in 
the sample were attached to wires (by rolling them around the 
wire) and churned up and down in the disposable pipe,@ contain- 
ing about 0.5 ml of methanol (pipet tips were plugged with small 
amounts of powder6 to control the flow of liquid to the TLC plate). 
Pipets were standing at  right angles to the TLC plate with their 
tips touching the plate. Four replacement washes were applied. 


Plate Deuelopment-The plate was developed to about 4 cm in 
methanol, air dried, developed an additional 10 cm with devel- 
oping solution, and air dried again. 


Quantitatiue Visual Estimation-The developed unscored TLC 
plates were sprayed and visualized after exposure to  UV light for 
several minutes and by visual comparison with standards on the 
same plate. 


Colorimetric Estimation by Quantitative TLC-Each of the de- 
veloped, scored TLC plates was snapped along score marks into 
four sections. Sections containing standards were sprayed and 
visualized under UV light. The broken plates were reassembled, 
and the thin-layer areas on sample and blank sections correspond- 
ing to the visualized standard nitroglycerin spot were removed and 
placed in 100-ml volumetric flasks with 1 ml of acetic acid and al- 
lowed to stand for 30 min. Two milliliters of phenoldisulfonic acid 
was added and the flask was allowed to stand another 15 min; then 
50 ml of water and 10 ml of ammonium hydroxide were added. 


After cooling to room temperature, the solution was diluted to 
100 ml with water and scanned in a spectrophotometer from 600 or 
550 nm to 350 nm against a reagent blank. Blank solutions of ad- 
sorbent were carried through the analysis and subtracted. 


Quality Control of Analytical System-It was imperative 
that some quality assurance checks be made on the automated 
method during the year of testing. The 10% nitroglycerin adsor- 


SilicAR TLC 4 GF, Mallinckrodt Chemical Works, St. Louis, MO 63160 


bate was used throughout the study and was assayed periodically 
to ensure that it had not lost nitroglycerin. It first assayed (Janu- 
ary 1972) at  10.1%. Subsequent assays in June 1972 and February 
1973 were also 10.1%. In each case the total nitrate method was 
used with potassium nitrate as the standard. 


To ensure that the system was performing satisfactorily, a com- 
posite of 0.6-mg nitroglycerin tablets consisting of ground tablet 
material was analyzed throughout the year. This composite was 
kept in a refrigerator a t  5O. It was analyzed 10 times before the 
start of the study, and the percent coefficient of variation of the 
system was 0.50. As can be seen from the data in Table IV, the sys- 
tem had good precision and gave essentially the same assay results 
over the year. 


Table IV-Analysis of 0.6-mg Quality Control 
Composite 


~ 


Coef- 
ficient of 


Percent Variation, 
Founds SD % 


~~~ ~~ 


January 1972 
February 4,1972 
February 22, 1972 
Februarv 23. 1972 
M a y  3, i972 
M a y  9, 1972 
August 10, 1972 
November 27, 1972 
December 11, 1972 
February 1, 1973 
February 7, 1973 
February 14, 1973 
February 20, 1973 
M a y  8, 1973 
Average of assays 


during s tudy of 
February 4 to 
M a y  8 


106.4 0.53 
106.1 
108.2 
108.6 (2) 
105.0 (3) - 
106.1 
106.7 (3) - 
107.1 (8) 0.78 


104.7 (4) 


- 
- 
_ _  


106.2 (8) 0.82 


107. o (5j - 
106.1 - 
104.9 (7) - 
106.0 (7) - 


106.2 (51) 1.26 


a Based upon label declaration. * Values in parentheses are numbers of 
assays performed on that date. 
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Table V-Analysis of Variance on  Averages of 180 Assays 


Manufacturer 
_ _ _ _ _ ~  ~ 


Months A B C D E F 


0 8 9 . 4  102.4 110 .o 106.5 107.8 9 7 . 0  
3 8 4 . 5  100.8 109.1 101.3 107.6 9 4 . 2  
6 8 1 . 4  101.2 106.5 9 8 . 6  105.4 96 .8  


12 7 8 . 4  100.4 105 .1  9 4 . 6  104.1 9 5 . 8  
Observed F ratio 200.54 
Significant Yes 
Critical value Fo.g: (3, m)  = 2 . 6 0  


5 . 1 2  13.15 144.42 26.70 
Yes Yes Yes Yes 


0.74  
No 


Table VI-Analysis of Variance on Room Temperature Average Assay (RTA) 
versus Refrigerated Average Assay (RFA) 


Manufacturer 


A B C D E F 


3 Months 
8 5 . 1  101.6 105.6 9 9 . 4  106.8 9 6 . 8  


9 6 . 5  
R T A  


9 0 . 6  101.8 107.3 105.3 108.9 
Observed F 16.51 0.0102 0 .452  19 .9  3.153 0.0025 
R F A  


Difference Yes No No Yes No No 
significant 


6 M o n t h s  
R T A  


R F A  0.0562 Observed F 6 . 8 3  0.618 12.830 62.94 4.513 
Difference Yes No Yes Yes Yes NOQ 


8 4 . 3  100 .2  104.3 92 .O  106.6 9 5 . 8  
97 . O  8 7 . 8  9 9 . 3  113.7 103.1 109 .3  


significant 
12 M o n t h s  ~ 


7 6 . 3  9 7 . 9  9 2 . 3  8 2 . 7  104.6 9 1 . 7  
101.7 a 7 . 5  101 .o  103.3  101.7 107.8 


R T A  
R F A  
Observed F 127.91 4 .481  16.511 204.6 11.379 
Difference Yes Yes Yes Yes Yes No4 


2.5996 


significant 
Critical value FO.9; (1, 60) = 4 .OO 


‘ Note large coefficient of variation percent in Table I1 for this batch. 


RESULTS AND DISCUSSION 


The results shown in Table I indicate a loss in strength of the ni- 
troglycerin with age, with Manufacturers A and D’s products 
showing substantial losses (Figs. 1 and 2). A one-way analysis of 
variance (one variable) (7) was performed to test if the difference 
in the results between the time periods was significant. Table V 
shows the averages for the 180 assays for that time period and the 
observed F ratio calculated using one-way analysis of variance. 
The only sample that did not show a statistical difference in the 
means was Manufacturer F’s product. 


The data in Tables I and I1 also indicate that there was no in- 
crease in intertablet variation throughout the year in samples 
stored in the refrigerator and at  room temperature, as evidenced 
by the coefficient of variation of the tablets analyzed for the test 
period. The range of the assays remained about the same for each 
assay period, with the highs being no higher or the lows lower. 
These results are not in direct conflict with the findings in the re- 
cent publications of Fusari (1, 8). Fusari’s data indicate that the 
increase in variability develops within 1 month of manufacture. 
The batches used in this study were more than 1 month old before 
the authors’ initial assay. In addition, four of the six batches under 
study here were compressed tablets. Fusari referred only to mold- 
ed tal ets. 


The results, shown in Table I1 indicate a difference in analysis of 
tablets from bottles stored at  5’ and at room temperature (Fig. 3). 
An analysis of variance was performed to test if the difference be- 
tween the average assays at  each time was statistically significant. 
Table VI shows the averages of the 30 assays from the three bottles 
stored in the refrigerator and the three bottles stored at room tem- 
perature, as well as the observed F ratio. Only Manufacturer F’s 
product failed to show a significant difference at  12 months. Man- 
ufacturers A and D showed a statistically significant difference as 


early as 3 months, Manufacturers C and E showed a statistically 
significant difference at  6 months, and Manufacturer B did not 
show a difference until 12 months. 


An additional statistical analysis of variance was performed on 
the data in Table I to determine whether the drug stratified be- 
tween different levels in the bottles. No stratification was found. 
No degradation of nitroglycerin to 1,3-dinitroglycerin, 1,2-dinitro- 
glycerin, or the mononitroglycerins was observed in the tablets by 
TLC. 


Table I11 shows the results of the analysis for the nitroglycerin 
in the cap liners and packing materials. As reported earlier, the 
bottle packing absorbed varying amounts of nitroglycerin; cap lin- 
ers absorbed a lesser amount. 


In summary, the data presented here show: 
1. There is a loss of strength of nitroglycerin tablets from pre- 


viously unopened bottles upon storage. 
2. Refrigeration of nitroglycerin tablets slows down the loss of 


nitroglycerin. 
3. The nitroglycerin tablets used in this study, four compressed 


tablets and two molded tablets, were stable during the year of test- 
ing in terms of uniformity of tablets and degradation of the drug. 
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Automated Conductimetric Titrimeter: 
Use in Studying Ionic Solute-Solute Interactions 


G. I. MUKHAYER, S. S. DAVISX, and ERIC TOMLINSON 


Abstract 0 An automatic conductimetric titration apparatus is 
described in which the delivery of titrant is effected using a motor- 
ized automatic syringe having a wide range of injection rates. Two 
applications of the apparatus are described: (a) determination of 
the CMC of cationic and anionic surfactants, and (b) study of the 
interaction of an organic anion (sodium lauryl sulfate) and organic 
cations (phosphonium salts). The accuracy and precision of results 
using this apparatus are superior to results obtained by the tedious 
manual method. 


Keyphrases 0 Titrimeter, automated conductimetric-design, 
application to studying solutesolute interactions Syringe, mo- 
torized automatic-component of automatic conductimetric titra- 
tion apparatus, application to solute-solute interactions 0 Con- 
ductimetric titrations-automatic apparatus described, applied to 
solute-solute interactions 
~ 


The physical property of solution conductance is 
well established, and conductimetric titration mea- 
surements can be used for various purposes. In phar- 
macy such measurements find application in studies 
on association and micellization, interaction ( i e . ,  
complexation) between species of opposite charge, 
and analytical quality control. However, the usual 
method of addition of titrant or complexing agent to 
the titration vessel is tedious, and the results are 
often subject to experimental inaccuracies. 


A conductimetric titration of one ion against an- 
other of opposite charge will provide information on 
ion-pair formation, complexation (as described by 
the solubility product), and, if one ion is surface ac- 
tive, the effect of the added species (counterion) on 
micelle formation. In addition, a study of the interac- 
tion of a large organic ion with congeneric members 
of a series of ions of opposite charge can lead to the 
calculation of thermodynamic quantities and, subse- 
quently, the derivation of extrathermodynamic pa- 
rameters (1) for use in linear free energy relation- 
ships to examine structure-activity correlations by 
regression analysis. 


Studies on the variation of the free energy term 
with temperature should lead to an insight into en- 
thalpy and entropy contributions to the interaction 
and, in consequence, the processes responsible for 
such complex formation. Because small errors in 


measurement of the solubility product (and any asso- 
ciation constant) will lead to  greater errors when the 
free energy-temperature relation is differentiated 
(2), an essential requirement of measurement is that 
the experimental data are of high accuracy. Such ac- 
curacy cannot be obtained with manual or semiauto- 
matic methods. 


Thus, an accurate automatic conductimetric titra- 
tion apparatus was developed, using commercially 
available components, which is suitable for pharma- 
ceutical systems. Semiautomatic conductimetric ti- 
trimeters for use in analytical measurements were de- 
scribed previously (3,4). 


EXPERIMENTAL 


Apparatus (Fig. 1)-A conductivity bridge’, which is contin- 
uously and automatically balanced, is connected to a dip-type con- 
ductivity cell contained in a thermostated beaker. The tempera- 
ture is maintained constant by water pumped from a water bath 
and cooler unit. The titration mixture is agitated constantly by a 
magnetic stirrer. The measured conductivity, which can be read 
directly from the bridge, is normally recorded in the form of a con- 
tinuous trace on a chart recorder. 


In titrations where an external standard is used, a similar ther- 
mostated beaker is connected to the water bath; a dip cell, which 
has a comparable cell constant (fO.O1) to the other cell, is con- 
nected to the external standard terminal of the bridge. The stir- 
ring conditions in the external standard are maintained the same 
as in the unknown during the titration. 


The delivery of the titrant is maintained constant using a motor- 
ized automatic syringe*, which has a wide range of delivery rates 
according to the capacity of the special syringes used. Where an 
external standard is used, two syringes of the same capacity are 
employed and driven simultaneously at  the same rate. 


Calibration-The conductivity bridge was trimmed and cali- 
brated as described in the instrument manual. 


The automatic motorized syringe equipment is supplied with 
special syringes, consisting of a calibrated glass barrel and a steel 
plunger fitted with a rubber gasket. The accuracy and reproduc- 
ibility of the volume delivered from the syringes were tested by 
two techniques: (a) the syringe was allowed to drain into a dry, 
previously calibrated volumetric flask of a suitable volume; and (b) 
the syringe was filled with a potassium chloride solution of known 
conductivity and this was titrated into a blank of double-distilled 
water of known volume. The conductivity was recorded as a func- 


Wayne-Kerr B642 universal bridge, Wayne-Kerr, Surrey, England 
R. Braun, Melsungen, West Germany. 
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Cholelit hiasis Chemotherapy: An 
In Vitro Approach 


Keyphrases 0 Cholelithiasis chemotherapy-identification of 
cholesterol gallstone-dissolving agents, in uitro screening system 


Gallstones, cholesterol-dissolution, identification of drugs, in 
uitro screening system 0 Cholesterol gallstones-dissolution, in 
uitro screening system to identify potential chemotherapeutic 
agents 


To the Editor: 


Cholelithiasis, a disease state resulting from defi- 
ciencies in cholesterol transport within the biliary 
system, is known to have afflicted humankind for 
centuries (1). Today, surgical removal of gallbladders 
and their stones is one of the most commonly per- 
formed operations with a third of a million chole- 
cystectomies yearly in the United States alone (2, 3). 
Many treatments have been recommended including 
herbs, mineral waters, olive oil, and turpentine (4). 
More recent approaches to chemotherapy have gen- 
erally been based on the feeding of endogenous com- 
ponents of bile, bile salts (5-8), or phospholipids (9). 
Clinical success with chenodeoxycholic acid adminis- 
tration was recently reported (8). Other studies have 
assessed the role of steroids (lo), cod liver oil ( l l ) ,  
and some drugs (12) on gallstone dissolution in rab- 
bits fed a lithogenic diet. 


The purpose of this research was to identify agents 
capable of bringing about the dissolution of choles- 
terol gallstones following oral administration. An in 
vitro screening system was developed which can 
monitor changes in the cholesterol-holding capacity 
of bile upon the addition of a test compound. The ra- 
tionale for such a screening system is based on the 
physical-chemical properties of bile. 


Bile salts will spontaneously aggregate into mi- 
celles above a critical temperature and concentration. 
Alone, these micelles have little ability to solubilize 
cholesterol; but in the presence of lecithin, the forma- 
tion of mixed micelles enables the transport of large 
quantities of cholesterol (14). Small et al. (15) de- 
scribed this mixed micelle as a cylinder of bile salts, 
with hydrophilic sides facing the aqueous phase, sur- 
rounding an inner core of lecithin. The hydrophilic 
ends of the lecithin comprise the top and bottom of 
the cylindrical mixed micelle. Lecithin can interact 
with cholesterol to form liquid crystalline aggregates 
that are not soluble in aqueous media. Bile salts can 
engulf such aggregates to form mixed micelles and, in 
so doing, solubilize larger quantities of cholesterol. A 
complete description of these relationships may be 
found elsewhere (16). 


The solubility of cholesterol in these four-compo- 
nent systems (bile salt, lecithin, cholesterol, and 
water) has been extensively studied. However, it has 
been difficult to find agreement on the same solubili- 
ty values. Recently, the factors responsible for the 
discrepancies were identified (17) and the basal solu- 
bility of cholesterol was found to be in the order of 5 
mole '70 (17-19). With this equilibrium solubility value 
defined, it has become possible to design a screening 
system capable of identifying compounds that can 
modify the equilibrium solubility of cholesterol in 
bile; such compounds would be potentially useful as 
cholelitholytic agents (20). 


The cholesterol-solubilizing potential of a homolo- 
gous series of quaternary nicotinic acids was studied 
in an aqueous in vitro system devoid of biliary com- 
ponents (13). While such a procedure measures the 
inherent solubilizing characteristics of a compound, 
it fails to identify compounds that cannot form mi- 
celles or water-soluble complexes with cholesterol but 
can otherwise interact with the biliary transport sys- 
tem to increase its carrying capacity (lecithin, for ex- 
ample). There is also the possibility of a compound 
interfering with the structure and function of the bil- 
iary micelles. Thus, it was considered worthwhile to 
employ a primary in uitro screening procedure based 
upon the bile salt-lecithin system. Secondary tests 
could then consider the inherent solubilizing ability 
of active compounds to gain information on their 
mechanism of action. A secondary test evaluating the 
effect of an active compound on the kinetics of gall- 
stone dissolution is warranted; recent studies have 
discovered barriers to cholesterol dissolution in un- 
dersaturated bile systems (21). The development of a 
primary screen and some preliminary solubility en- 
hancement data are the subjects of this report. 


Excess hydrated crystalline cholesterol spiked with 
cholester01-4-'~C was added to a lecithin-bile salt so- 
lution containing 38 mM egg lecithin and 135 mM 
conjugated bovine bile salts in a 0.05 M phosphate 
buffer (pH 7.4), as previously described (22). The sol- 
ubility of cholesterol a t  37' in this milieu was fol- 
lowed until equilibrium was reached. Because the 
long incubation times and numerous samplings of the 
bulk cholesterol-lecithin-bile salt suspension permit- 
ted microbial alterations, it was necessary to develop 
methods for sterilization and storage of the system. 
An incubating-stirring apparatus was designed that 
allowed for storage and aseptic sampling of this sus- 
pension (23). 


When the cholesterol reached its equilibrium solu- 
bility, homogeneous aliquots of the suspension were 
placed into prewarmed vials containing the carefully 
weighed drug candidates. The systems were incubat- 
ed with shaking at  37O for 24 hr. The solubility of 
cholesterol was then measured by liquid scintillation 
counting of an aliquot of the filtrate obtained by 
membrane filtration. Efficient determination of cho- 
lesterol solubility and recording of data were abetted 
through the use of automated liquid scintillation 
counting instruments equipped with punch-tape out- 
puts. The tape was fed into a time-share terminal 
and, with the use of appropriate programs, back- 
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Table I-Cholesterol Solubilizing Evaluation of Selected Compounds 


Compound Structure 


Cholesterol Solubility 
Enhancement as 


Percent of Control 


Sodium ipodate” 


Sodium lauryl sulfateb 


1-Hydroxy-2 ‘-nitro-4 ’- (butylsulfamoyl) -2- 
naphthanilidec 


Chenodeoxycholic acid sodium saltd 


N’-CHN(CH,), 


HO 


Egg lecithin 


CHzOCOR‘ 


CHOCOR‘ R’ is primarily CleHls 
I 
I 0- 


CH~OPOCH~CH,&CH~& 
0 


Bis(dodecy1) malonic acid diethyl estey 


Erucyl alcoholf 


Benzyldimethyl [ (octadecylcarbamoyl) 
methyl ]ammonium chloride0 


0 
CHa(CHJll,dC-O-CH&H3 n 


n CHLCHA,’ ‘c--H,cH, 
0 


OH 0 


CHZ-(CH2XCH 4H--.(CHJII-C--OH 
I I1 


95 


97 


99 


100 


115 


116 


117 


119 


121 


C holesteryl-3-a-amine hydrochloride hydrate* 
CH3. HC1 


H ~ N ”  


122 


CourbY of E. R. Squibb &Sons, New Brunawick, N.J. b Fisher Scientific Co., Fairlawn. N.J. C Aldrich Chemical Co., Milwaukee, Wis. d Courtesy of A. F 
Alfred Bader Chemical Co., Milwaukee, Wis. 1 Koch-Light Laboratories Ltd., Colnbrook Buckinghamshire. England. Hofmann, M.D., Rochester, M b .  


Smith Hine & French Laboratories, Philadelphia, Pa. 


ground and quench effects were eliminated and the 
solubility of cholesterol in test vials was compared to 
that of the controls. The results were recorded as sol- 
ubility enhancement as a percent of control. 


For a compound to be active in uiuo by physical 
enhancement, it would have to be excreted in the 
bile. Smith (24) discussed the physical-chemical fac- 


tors responsible for directing a compound toward bil- 
iary excretion. Where feasible, these principles (po- 
larity, molecular weight, and stereochemistry) were 
used to guide selection of screening candidates. Com- 
pounds from diverse chemical families were selected 
for initial screening to maximize the possibilities of 
identifying active moieties. Candidates for screening 
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were obtained from the indicated sources and used as 
received. Sufficient compound was carefully weighed 
into a glass vial so that a 10 mM concentration of 
drug resulted upon addition of 2 ml of stock suspen- 
sion. 


Some representative data appear in Table I. With 
the introduction of a drug candidate, lipid interac- 
tions in the lecithin-bile salt micelle become more 
difficult to explain than in the quaternary system. 
The purpose of the drug is to mimic the action of ei- 
ther bile salt or lecithin, with the result of an in- 
creased cholesterol-carrying capacity. A compound 
may interact with the micelle in such a way that the 
holding capacity is not increased or decreased. This 
would be dependent on the nature of the drug-mi- 
celle interaction: position of drug in micelle, nature of 
charge on drug, charge density, branching of drug, 
etc. The in vitro screen is designed to measure the 
result of the five-component interaction, i.e., the sol- 
ubility of cholesterol in the presence of a drug-leci- 
thin-bile salt system. 


A major class of drugs designed to be passed 
through the biliary tract is the cholecystographic 
agents. Archer et al. (25) demonstrated the impor- 
tance of chain length in determining whether a po- 
tential cholecystographic agent would be excreted uia 
the urinary or biliary system. It was shown that if the 
chain was too small, the compound was eliminated by 
the kidneys; if the chain was too large, the drug was 
not intestinally absorbed. Thus, a critical length for 
biliary excretion existed. A cholecystographic agent, 
sodium ipodate, was not found to influence the solu- 
bility of cholesterol in this screening system. The 
most active compounds appear to contain an alkyl 
chain and thus show more of a structural resem- 
blance to lecithin than to bile salts. 


A bile salt, chenodeoxycholic acid, has little activi- 
ty in this system, which was not unexpected since 
bile salts alone are not known to be good cholesterol 
solubilizers. The addition of lecithin or other insolu- 
ble swelling amphiphiles (16) can swell the bile salt 
micelle and provide an environment capable of dis- 
solving large quantities of cholesterol. Oral adminis- 
tration of chenodeoxycholic acid has been found to 
bring about remission of cholesterol gallstones in hu- 
mans by making the bile undersaturated with respect 
to cholesterol (8); the biliary secretion of cholesterol 
is lowered in relation to the bile salt and lecithin out- 
put. The chenodeoxycholic acid would seem to be 
acting more by virtue of its physiological than physi- 
cal characteristics. 


A viable in vitro screening procedure capable of 
identifying compounds that significantly enhance the 
biliary holding capacity for cholesterol has been de- 
veloped. Data are presented for some typical com- 
pounds, selected because of a particular discrete 
characteristic. Moreover, the application of physical- 


chemical principles to devise and evaluate a particu- 
lar disease state has been accomplished. As we learn 
more about the complexities of the human body, cer- 
tainly the utilization of in vitro model systems to 
screen potential compounds preliminarily should be- 
come commonplace in the search for potential drug 
products. 
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planation may be that the receptor for the benzodioxans will not 
accommodate the larger naphthodioxan. 
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Influence of Particle Size on Rectal 
Absorption of Aspirin 


EUGENE L. PARROTT 


Abstract 0 The rectal absorption of aspirin from theobroma oil 
suppositories was studied in seven human subjects using urinary 
excretion measurements. The effect of particle size on the excre- 
tion rate and cumulative amount of total salicylate excreted was 
demonstrated by the administration of a 600-mg dose as powdered 
aspirin and as aspirin disks having 0.023 as much surface as pow- 
dered aspirin. In uitro dissolution profiles of aspirin from the sup- 
positories were studied. By the NF XI11 Method 11, the time re- 
quired for 50% of the aspirin to dissolve from the suppository was 
50 and 100 min for the powdered aspirin and the aspirin disks, re- 
spectively. In the bioavailability study, the diffusion equilibrium 
was attained at approximately 4-5 and 9-10 hr after the rectal ad- 
ministration of powdered aspirin and aspirin disks, respectively. 
No correlation was found between bioavailability and the dissolu- 
tion profiles as determined by the USP XVIII dissolution method. 


Keyphrases Aspirin-absorption from theobroma oil supposi- 
tories, effect of particle size Dissolution-aspirin from supposi- 
tories, effect of particle size 0 Bioavailability-aspirin, effect of 
particle size, correlation with in uitro dissolution profiles 0 Parti- 
cle-size effect-aspirin absorption from suppositories Absorp- 
tion, rectal-effect of particle size on aspirin absorption from sup- 
positories 


Since early studies (1, 2), numerous investigations 
have demonstrated the influence of particle size on 
bioavailability from oral dosage forms. For poorly 
soluble drugs, it is widely recognized that a smaller 
particle size (greater surface) brings about more 
rapid dissolution and more rapid GI absorption. If 
absorption is rate limited by slow dissolution so that 
the drug is not completely absorbed from a solid dos- 
age form, the more.rapid absorption obtained by in- 
creasing the surface may also cause an increase in the 
total amount of the drug absorbed from a given dose 
(3-6). 


The purpose of this investigation was to demon- 
strate that the particle size of aspirin incorporated in 
a rectal suppository could influence absorption. As 
shown by plasma salicylate concentration (7) and uri- 
nary salicylate excretion (8), rectal administration of 
aspirin is as effective as oral administration. Wagner 


R. Worthing, and T. I. Wrigley, J. Med. Chem., 8,446(1965). 
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(9) cited certain general conclusions regarding ab- 
sorption of drugs following rectal administration in 
humans. The emphasis in investigating suppositories 
has been on physical characteristics (10, ll), the in- 
fluence of the base (12-14), and the in uitro release of 
the drug (15). By use of a simple aspirin and theobro- 
ma oil suppository, which melted at body tempera- 
ture, the effect on absorption of approximately a 40- 
fold difference in surface area of the aspirin was 
studied. 


EXPERIMENTAL 


Protocol-Six healthy male ‘and one healthy female subjects, 
25-49 years of age and 60-82 kg, participated. Subjects were am- 
bulatory and permitted to ingest food and fluids as desired. Urine 
samples were collected at  hourly intervals after rectal insertion of 
the suppository. Volumes of the urine samples were measured, and 
aliquots were retained for analysis. Although the pH of each sam- 
ple was measured, no attempt was made to control the pH. The 
formulations were coded, and a crossover technique was used with 
an interval of 1 week between bioavailability studies. 


Preparation of Suppositories-When using mineral oil in the 
pycnometer, the density of powdered aspirin1 was 1.40 g/cm3. An 
80-100-mesh fraction of the powdered aspirin was separated by a 
sieve shaker2. The average size of the fraction was assumed to be 
163 fim. Aspirin powder of 163-wm size was quantitatively mixed 
with theobroma oil3, placed in a suppository machinea, and 
pressed into a suppository containing 600 mg of aspirin and 475 
mg of theobroma oil. 


Disks of aspirin were made by compressing the powdered aspirin 
with a 0.3175-cm (0.125-in.) flat-faced punch and die set. The 
length and diameter of each disk were measured using an optical 
micrometer5. Disks were selected so that 13 disks weighed 600 mg. 


Suppositories containing the disks were prepared by the fusion 
method. The cavity of the mold was approximately one-third filled 
with melted theobroma oil, several disks were added, and the mass 
was allowed to congeal. This procedure was repeated until all disks 
had been added and the cavity was filled. The mold was immedi- 
ately placed in a refrigerator so that the disks were not in contact 


USP, fine crystal, J. T. Baker Chemical Co. 


Cocoa butter. 
* Allen-Bradley sonic sifter. 


‘ Armstron suppository machine No. 3. 
5 Gaertner gcientific Corp. 
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Figure 1-Dissolution profile of aspirin from theobmma oil 
suppository using the NF Method II.  Key: 0, powdered; and 
0, disks. 


with the molten theobroma oil for more than 5 min. To determine 
if this brief exposure to the molten theobroma oil would alter the 
dimensions of the disk, disks were exposed to molten theobroma 
oil a t  40' for 20 min and the dimensions were measured with an 
optical micrometer. No change in the diameter of the disk was de- 
tected. Each suppository contained 0.600 g of aspirin in the form 
of 13 disks and 1.50 g of theobroma oil. 


All suppositories were stored in a refrigerator for 1 week before 
use. 


Analytical Methods-The analysis of the urine samples for 
total salicylate was conducted by the method of Chiou and Ony- 
emelukwe (16). For the measurement of dissolution from the sup- 
pository, an aliquot of the dissolution medium was subjected to al- 
kaline hydrolysis. This solution was then acidified, appropriately 
diluted with 0.1 N hydrochloric acid, and assayed spectrophoto- 
metrically in terms of salicylic acid (17). 


Dissolution-The percent of aspirin dissolved from the suppos- 
itory was determined using 900 ml of distilled water at 37O in the 
NF Method Ii dissolution apparatus (18). Samples were removed 
by a pipet fitted with a filter, and the fluid was replenished with 
the same volume of distilled water. The samples were analyzed, 
and the percent dissolved at  each interval of time was calculated 
(Fig. 1). 


Similarly, the percent of aspirin dissolved from the suppository 
was determined using the USP dissolution apparatus (19) at  50, 
100, and 200 rpm (Fig. 2). 


RESULTS AND DISCUSSION 


Bioavailability-The mean rates (&tSE) of excretion of total 
salicylate for seven subjects are given in Table I. The initial excre- 
tion rates were greater for the aspirin powder with a surface of 320 
cm2 than for the aspirin disks with a surface of 7.5 cm2, although 
both were incorporated in a theobroma oil base. 


Even with the limited fluid available in the rectal canal, the sup- 
pository in which the aspirin had the greater surface dissolved at  a 
faster rate and, consequently, this aspirin was absorbed and ex- 
creted more rapidly than the aspirin with approximately 0.023 as 
much surface. 


Figure 3 shows the mean cumulative amount of total salicylate 
excreted as a function of time following rectal administration. In 


Table I-Mean Rate  of Total Salicylate Excretion 
(Milligrams per Hour f SE) after the Administration of a 
Rectal Suppository Containing 600 mg of Aspirin in 
Seven Human Subjects 


Collection Powdered Aspirin, Disks of Aspirin, 
Interval, hr Surface = 320 cm2 Surface = 7.5 cm2 


0-1 5.45 f 1.87 1.67 f 0.61 
1-2 16.11 f 4.22 4.36 f 1.08 
2-3 20.64 f 5.83 5.79 f 1.66 
3-4 18.60 f 5.51 7.55 f 1.52 
4-5 18.61 f 4.54 10.35 f 1.92 
5-6 19.79 f 5.15 11.38 f 1.22 
6-7 16.03 f 3.75 13.09 f 2.02 
7-8 18.70 f 5.18 14.91 f 2.14 
8-9 16.64 f 3.86 15.28 f 1.72 
9-10 15.69 f 3.68 16.16 f 2.19 


10-11 14.94 4.30 14.62 f 3.30 
11-12 11.66 f 3.06 15.28 f 2.00 


the 12-hr period, the total salicylate excreted after the administra- 
tion of the suppository containing the powdered aspirin was 1.5 
times that excreted after the administration of the suppository 
containing the aspirin disks. The data show that the particle size 
of aspirin incorporated in the theobroma oil influences the rectal 
absorption of aspirin. 


In small doses of aspirin, the overall salicylate elimination pro- 
ceeds by apparent first-order kinetics after the attainment of dif- 
fusion equilibrium. The rate of excretion (dC/dt) may be defined 
by (20): 


lcrg(dC/dt) = - k , t / U ?  + K tEq. 1 )  


where t is time, and k, is the specific velocity constant for elimina- 
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Figure 2-Dissolution profile of aspirin from theobroma oil 
suppository using USP dissolution apparatus at 50, 100, and 
200 rpm. Key: 0, powdered; and e, disks. 
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Figure 3-Effect of particle size on the mean cumulative 
amounts of total salicylate excreted after the rectal administra- 
tion of 600 mg of aspirin in  sewn human subjects. Key: 0, 
powdered; and 0, disks. 


tion of the drug based on urinary data. The biological half-life 
( t l iz) , ,  based on urinary data is: 


(t& = 0.693/RU (I-%. 2) 


If the dose of aspirin is small, the half-life of salicylate elimination 
is from 4 to 6 hr (8, 21). 


A semilogarithmic plot of the excretion rate against time accord- 
ing to Eq. 1 is shown in Fig. 4. The linear portion of the curve rep- 
resents a ( t 1 / 2 ) , ,  of 6 hr. With the powdered aspirin, the diffusion 
equilibrium is attained at  approximately 4-5 hr; but with the aspi- 
rin disks having a limited surface, the diffusion equilibrium is not 
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Figure 4-Mean urinary excretion of total salicylates after 
rectal administration of 600 mg of aspirin in  seven human sub- 
jects. Vertical bars represent standard error of the mean. Key: 
0, powdered; and 0, disks. 


attained until approximately twice as much time has elapsed. 
Thus, the limited surface of the disks prolongs dissolution and as- 
pirin is still being absorbed at  9-10 hr. 


Dissolution-The usefulness of dissolution profiles for tablets 
has been demonstrated by the inclusion of dissolution specifica- 
tions and methods in the USP and NF. It is interesting to apply 
these methods to other dosage forms such as the suppository. The 
dissolution profiles from suppositories containing powdered aspi- 
rin and aspirin disks are shown in Fig. 1 as determined by the NF 
XI11 Method XI. The time (tm) required for 50% of the aspirin to 
dissolve from the suppository containing the powdered aspirin is 
one-half the tm for the suppository containing the aspirin disks. 
This in uitro comparison of the release from powdered aspirin and 
aspirin disks is similar to the ratio of in uiuo attainment of the dif- 
fusion equilibrium from powdered aspirin and aspirin disks a t  4-5 
and 9-10 hr, respectively. 


The USP dissolution apparatus was used similarly to show the 
effect of speed on the tm. A t  37O, the suppository melted within 5 
min. The disks remained on the bottom of the basket and ap- 
peared to be free of theobroma oil. After the suppository contain- 
ing the powdered aspirin melted, an oily mass of aspirin and theo- 
broma oil remained on the bottom of the basket. If the apparatus 
was allowed to cool, the mass congealed to a brittle solid that was 
oily to the touch. Aspirin was very slowly released from the mass; 
a t  the speeds used, the tm was not reached after 7 hr in the appa- 
ratus. Obviously, the USP dissolution apparatus was not applica- 
ble to the evaluation of the suppository, while it appears that the 
NF Method I1 might be useful. 
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BOOKS 


REVIEWS 


Assay of Vitamins in  Pharmaceut ical  Preparations. By MAN- 
ZUR-UL-HAQUE HASHMI. Wiley, New York, NY 10016,1973. 
512 pp. 24 X 16 cm. Price $32.00. 
This up-to-date (through 1971) compilation of methods will be 


of great benefit to anyone interested in the analysis of vitamins in 
pharmaceutical preparations. For the first time, all published 
methods are gathered into one volume with sufficient detail t o  
allow analysis of vitamin products by the method deemed most 
suitable for the preparation being analyzed. A sufficient number of 
references are given for each type of determination in the event the 
analyst desires further information. 


Each chapter deals with an individual vitamin with separate 
chapters for multivitamin preparations and for automated analy- 
sis. Critical evaluations of the methods are included together with 
brief discussions of the detail procedures. A separate chapter con- 
cerning the stability of vitamins in multivitamin preparations con- 
tains a very comprehensive bibliography on the subject. In all, the 
book covers 215 individual analytical methods for 18 different vi- 
tamins documented by more than 700 literature references, 44 fig- 
ures, and 15 tables. 


All USP XVIII methods for the analysis of vitamins have been 
included with appropriate references. Necessary modifications by 
different authors and critical opinion expressed in the literature 
about the USP procedures have been mentioned to inform readers 
about the latest developments. The British Pharmacopoeia and 
the National Formulary methods which differ from the USP pro- 
cedures are also described. 


This compilation of methods is recommended for all analysts in- 
terested in or involved with the analysis of vitamin preparations. 


Reviewed by C. T. Kenner 
Southern Methodist University 
Dallas, TX 75275 


also seems to suffer from the illusion that there is for most drugs a 
1:1 correspondence between blood levels and clinical effect. 


Sententiousness without substance characterizes W. A. Rits- 
chel’s next chapter on “Peroral Solid Dosage Forms with Pro- 
longed Action.” On page 48 he lays down the rule that “drugs hav- 
ing a biological half-life of 8 or more hours should not be used in 
sustained release preparations for peroral use,” apparently una- 
ware that drugs such as chlorpheniramine with a half-life triple his 
arbitrary limit require multiple daily doses to maintain therapeu- 
tic effectiveness. In the following chapter, Ritschel discusses “Par- 
enteral Prolonged Action Dosage Forms” in journeyman fashion. 


The succeeding two chapters on “Design of Topical Drug Pro- 
ducts: Pharmaceutics,” and “Biopharmaceutics” by Martin Katz 
and Boyd J. Poulsen, respectively, are companion pieces of the 
highest quality, very obviously written out of a wealth of experi- 
ence. Skin anatomy and physiology, preparation of dermatological 
bases, clinical testing, factors controlling drug diffusion, etc., are 
discussed with authoritative thoroughness. 


All you ever wanted to know about “The Design of Sunscreen 
Preparations’’ is covered in the next chapter by G. W. Van Ham 
and W. P. Herzog. For a bonus the authors even throw in a few 
paragraphs on insect repellents. 


That one percent of us are stone carriers we learn in the next 
chapter on “Litholytic Agents: Preventive and Curative Drugs for 
Nephrolithiasis” by G. Kallistratos. This chapter could have been 
strengthened with a bit of editing and reorganization of material. 


One can hardly imagine E. J. Ariens, the editor, after assembling 
these nine chapters resting in the belief he had completed the de- 
finitive text on drug design. The unwritten chapters testify, not to 
any lack of wisdom on the part of the editor, but on the tentative 
nature of the topic. 


Reviewed by S. S. Walkenstein 
Smith Kline and French Laboratories 
Philadelphia, PA 19101 


Drug Design, Volume IV. Edited by E .  J .  AFUENS. Academic, 
111 5th Ave., New York, NY 10003, 1973. 489 pp. 16 X 24 cm. 
Price $35.00. 
Those lured by the title into the hope that with this text on the 


drafting table they can proceed to design model compounds guar- 
anteed to become drugs of choice should first turn to page 290. 
Here, in this excellent chapter on “The Design of Biologically Ac- 
tive Nucleosides,” Alexander Bloch lists some two dozen parame- 
ters that would have to be known for each species in which the 
compound is intended for use “in order to proceed rationally” to 
design drugs, and warns that “even then we would probably have 
missed a variety of more complex parameters, and would still not 
be able to predict its (the drug’s) most sensitive site of action.” 
Bloch goes on, however, to demonstrate the versatility of the nu- 
cleosides, from the viewpoint of both structure and application. 


In the next chapter, appropriately the last, the patient is the vic- 
tim, the therapeutic aim is death, the undesirable side effect devel- 
opment of resistance to toxicity. Perverse as inclusion of this arti- 
cle on “The Design of Insecticidal Chlorohydrocarbon Deriva- 
tives,” by G. T. Brooks might seem, it nevertheless is an inter- 
esting addition to the text, including theoretical considerations, 
detailed structure-activity data, and modifications to counteract 
detoxification. 


Unfortunately, equal value cannot be claimed for the opening 
three chapters. The first, by Leslie Benet on “Biopharmaceutics as 
a Basis for the Design of Drug Products” elaborates the obvious. 
One can almost visualize the good professor wagging his finger as 
he patiently explains (page 4) that “quickly” means “rapidly.” He 


Synopsis of Endocrine Pharmacology. By J .  A. THOMAS and 
M. G. MAWHINNEY, University Park Press, Chamber of Com- 
merce Building, Baltimore, MD 21202, 1973. x + 225 pp. 16 X 23 
cm. Price $12.50. 
The authors indicate that this book was written “to present an 


overview of the relationship between hormones that are normal 
constituents of the body in some instances and that are therapeu- 
tic replacements or diagnostic tools in other conditions.” It is indi- 
cated in the book jacket that  the book is designed for use by “med- 
ical and pharmacy students, graduate students in pharmacology, 
physiology, biochemistry, reproductive biology and zoology, ani- 
mal husbandry, and veterinary medicine, and for all physicians, 
clinicians, biologists, and biochemists whose work requires a fast, 
concise review of the latest concepts of hormonal actions.” Writing 
a synopsis of such a broad topic for use by such a wide range of 
students and investigators with such a wide variety of backgrounds 
is an ambitious undertaking to say the least. 


The book contains 12 chapters relating to a diverse range of topics 
in endocrinology and endocrine pharmacology. Chapter 1 deals 
with the newly discovered hypothalamic-releasing factors and 
their potential therapeutic applications. Anterior and posterior pi- 
tuitary hormones are treated separately in Chapters 2 and 3. 
Chapter 4 deals with carrier molecules and other factors concerned 
with hormone transport. Thyroid agents are discussed in Chapter 
5 and parathyroid hormone in Chapter 6. Sex hormones (estro- 
gens, androgens, and progestational agents) are reviewed in Chap- 
ters 7-9. Chapter 10 is concerned with the adrenocortical steroids. 
Insulin, glucagon, and hypoglycemic agents are covered in Chapter 
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Antiviral, Antibacterial, and Antifungal Activities of 
Isatin N- Mannich Bases 


RAJENDRA S. VARMA * and W. LEWIS NOBLES tx 


Abstract Preliminary antiwral, antibacterial, and antifungal 
screening results of a series of isatin N-Mannich bases are provid- 
ed. 


Keyphrases Isatin N-Mannich bases-synthesis, screened for 
antiviral, antibacterial, and antifungal activities 0 Antiviral activ- 
ity-synthesis and screening of isatin N-Mannich bases Anti- 
bacterial and antifungal activities-synthesis and screening of isa- 
tin N-Mannich bases 


Isatin N-Mannich bases (1-3) were synthesized by 
the condensation of isatin(s), formaldehyde, and a 
suitable m i n e  in equimolar proportions. Preliminary 
screening results for antiviral, antibacterial, and anti- 
fungal activities are described in this report. Antivir- 
al activity in isatin N- Mannich bases was observed 
previously (2). 


EXPERIMENTAL 


Antiviral screening was done using a modified' plaque suppres- 
sion method (4, 5). Viruses used were poliomyelitis type I1 (RNA 
type), herpes simplex (DNA type), measles (RNA type), and par- 
ainfluenza-3 (RNA type). The viruses stock cultures were main- 
tained in cultures of HeLa cells grown in Eagle's minimal essential 
medium. Confluent sheets of HeLa cells (a stable line of human 
adenocarcinoma cells) in petri dishes were heavily infected with 
the test virus and then overlaid with agar according to the Simi- 
noff (5) procedure. 


Filter paper disks (6.35 mm) saturated with 2 drops of a suspen- 
sion of the test compound (20 mg/ml in ethanol) were then placed 
on the agar. After incubation for 2-4 days, the cells were stained 
with either neutral red or 2-(p-iodophenyl)-3-(p-nitrophenyl)-5- 
phenyltetrazolium chloride, which stained living cells only. Killing 
of the carcinoma cells was indicated by an unstained zone around 
the paper disk. Inhibition of the virus was indicated by a suppres- 
sion of viral plaques in the vicinity of the chemical-saturated disk. 
Positive antiviral tests are shown in Table I. All other tests with 
these compounds showed no antiviral activity. 


Antibacterial and antifungal screening was done with similar 
paper disks containing the test compounds. These d i s h  were 
placed on plates of agar that had been freshly smeared with the 
test organism. Nutrient agar for bacteria and Sabouraud dextrose 
agar for yeasts and other fungi were used. Twelve2 representative 
microbial types were chosen to observe possible drug activity 
against a wide spectrum of different organisms. The test organisms 
included Gram-positive human pathogens, Gram-negative human 
pathogens, acid-fast bacteria (representing the leprosy/tuberculo- 
sis group), common yeasts, and pathogenic fungi. 


A clear zone around any test disk in a petri plate in which 
growth of the test microbe was confluent was interpreted to mean 


Modifications suggested in a personal communication from Dr. Richard 
Stewart, Virology Laboratory, Smith Kline and French Co., Philadelphia, 
Pa. 


The microbial spectrum consisted of Staphylococccls aureus (K257)(+), 
Escherichia coli (ATCC 4157)(-), Pseudomonas aeruginosa (LBa 160)(-), 
Klebsiella pneumoniae (ATCC 8052)(-), Proteus uulgaris (LBa 155)(-), 
Mycobacterium smegmatis (Carolina Biological Sup I Co.)(+), Neisseria 
catarrhalis (LB130)(-), Saccharomyces sp., Can$& albicans (ATCC 
10231). Trichophyton mentagrophytes (ATCC 9129). Staphylococccls epi- 
dermidis, and Aspergillus niger organisms. All cultpea without identifica- 
tion numbers or source are from the University of Mississippi Department 
of Biology. 


Table I-Antiviral Activity" of Isatin N-Mannich Bases 
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a + = antiviral activity (or toxicity to cancer cells); - = no activity. 
Compound 1 was also active against parainfluenza-3, herpes simplex, and 
measles viruses. A blank indicates that this particular assay was not per- 
formed. All other antiviral teats gave negative results. 


that the chemical on that disk had antimicrobial activity. The 
width of the zone of inhibition was not considered to be significant, 
since diffusion in agar varies with the solubility and other charac- 
teristics of the test compound. Results of the antibacterial and an- 
tifungal tests are given in Table 11. 


DISCUSSION 


Twelve isatin N- Mannich bases incorporating dimethylamino, 
morpholino, piperidino, 3-azabicyclo[3.2.2]nonano, and 3-azabicy- 
clo[3.2.l]octano moieties were subjected to antiviral screening pro- 
cedures (Table I). Nine compounds showed activity against polio 
I1 virus. Compound 1 displayed activity against four different vi- 
ruses; its effect was much more pronounced than that produced by 
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Table 11-Antibacterial and Antifungal Activitiesa of Isatin N-Mannich Bases CH,-NR& 


Compound R -NRiRZ 


Gram- Gram- Fungi 


Bacteria Bacteria Bacteria Yeasts 
Acid-Fast Positive Negative and  
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+ + + + 
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- + + + 
- 


+ + + 
+ + + + 
- + + + 
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- 


16 B r  --N? - + + t -u 
a +  =inh’.. Ibition; - = no inhibition. 


any other compound studied. Compounds showing toxicity to can- 
cer cells may have anticancer significance. 


Antibacterial and antifungal activities of 16 isatin N-Mannich 
bases are described in Table 11. Three compounds (Compounds 8, 
13, and 15) showed activity against all four types of organisms. 
Compound 2 did not show any activity. 
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Alkylthiocolchicines and 
N- Deacetyl-alkylthiocolchicines and Their 
Antileukemic Activity 


GEORGE T. SHIAU, KALYAN K. DE, and ROBERT E. HARMON" 


Abstract 0 A series of alkylthiocolchicines (methyl, ethyl, n- 
butyl, n-hexyl, n-octyl, and pinanyl) was prepared from colchicine 
by treatment with the appropriate alkyl mercaptan and p-toluene- 
sulfonic acid. Some of these compounds (methyl-, ethyl-, and n- 
butylthiocolchicines) were deacetylated in good yields with 2 N hy- 
drochloric acid in methanol. These compounds were tested for 
their antileukemic activity in an in uitro assay against L-1210 
(mouse leukemia). Preliminary results showed that methylthiocol- 
chicine is more active and the other alkylthiocolchicines are much 
less active than colchicine. N-Deacetyl-methylthiocolchicine is as 
active as colchicine. 


Keyphrases 0 Alkylthiocolchicines and N-deacetyl-alkylthiocol- 
chicines-synthesized from colchicine, antileukemic activ- 
ity 0 Thiocolchicines, alkyl, and N- deacetyl-alkylthiocolchicines- 
synthesized from colchicine, antileukemic activity 0 Colchicine 
derivatives-synthesis and antileukemic activity of alkylthiocol- 
chicines and N-deacetyl-alkylthiocolchicines Antileukemic ac- 
tivity-synthesis and screening of alkylthiocolchicines and N-de- 
acetyl-alkyl thiocolchicines 


The antitumor activity of colchicine, the major al- 
kaloid of the autumn crocus, Colchicum autumnale, 
and the African climbing lily, Gloriosa superba, was 
first reported at  the beginning of this century (1). 
The elucidation of its structure was finally completed 
from X-ray studies (2) and a number of total syn- 
theses (3-8). 


Colchicine is a mitotic poison, particularly in 
thymic, intestinal, and hematopoietic cells, which 
acts as a spindle poison and blocks the kinesis (9). Its 
effect on the mitotic spindle is thought to represent a 
special case of its effects on various organized, labile, 
fibrillar systems concerned with structure and move- 
ment (10,ll). 


A study with 3H-labeled colchicine showed that the 
drug is rapidly taken up by Ehrlich ascites and S-180 
cells in uitro (12). The study did not establish a rela- 
tionship between mitotic arrest and cytotoxicity but 
suggested that the latter probably arises, a t  least in 
part, from a degenerative process occurring in arrest- 


Table I-Antileukemic Activities of Alkylthiocolchicines 
and N-Deacetyl-alkylthiocolchicines Using the  L-1210 
(Mouse Leukemia) Tube  Dilution In Vitro Assay 


Drug Activities, pg/ml 


Compounds IDIO IDw 


I (colchicine) 0.0077 0.011 
I I U  0.0018 0.0027 
I I b  0.019 0.027 
I I C  >0.1 >0.1 
IId >0.1 >0.1 


I (colchicine) 
I I U  
I I b  


0.0077 
0.0018 
0.019 


0.011 
0.0027 
0.027 


I I C  
IId 


>0.1 >0.1 
>0.1 >0.1 


I I e  >0.1 >0.1 
IIf 


IIIa 
I I I b  
I I I C  


> O . l  >o .1 . .- . . .-  


0.0070 0.011 
0.069 0.098 


>0.1 >0.1 


ed cells. A separate investigation (13) showed that 
colchicine diminishes deoxycytidylate aminohydrol- 
ase activity in Ehrlich ascites cells and suggested that 
the drug's action on mitoses may be related to its ac- 
tion on this enzyme, thus regulating DNA synthesis. 
Numerous derivatives and analogs of colchicine have 
been examined for antimitotic activity, and this work 
has afforded a number of compounds for clinical 
study. 


Recent reports on the muscle relaxant activity and 
antimitotic activity of 3-0-demethyl-3-O-@-D-gluco- 
pyranosyl-methylthiocolchicine prompted the prepa- 
ration of compounds of this type for submission to 
the Cancer Chemotherapy National Center for evalu- 
ation in their intracranial antileukemic test system. 


RESULTS AND DISCUSSION 


Methylthiocolchicine (IIa) and ethylthiocolchicine (116) were 
prepared by treating colchicine (I) with methyl and ethyl mercap- 
tan, respectively, in the presence of p -  toluenesulfonic acid as a cat- 


alkyl rnercaptan 
p-toluenesulfonic acid 


CHCI, 
* 


OCH, 
I 


SR 
IIu: R = CH, 
IIb: R =  C2H, 
IIc: R = n-C,H, 
IId: R = ~ Z - C & ~  
Ire: R = n-C,H,, 
IIf: R = C&,, 


SR 
IIIa: R = CH, 
IIIb: R = C,H, 
I lk:  R = n-C,H, 


Scheme I 
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alyst a t  room temperature for several days (14-16). However, after 
several preparations, it was found that the yield could be improved 
by using a large excess of mercaptan and by carrying out the reac- 
tion at a higher temperature in a shorter time. Under these reac- 
tion conditions, the ratio of IIa to I in the reaction mixture was as 
high as 20 to 1 according to UV spectroscopy. 


In general, all reactions showed a gradual color change, indicat- 
ing the progress of the reaction. TLC is a convenient method for 
following the reactions and for examining the purity of the prod- 
ucts. The excess mercaptan can be removed by evaporation or by 
pouring the reaction mixture into petroleum ether (bp 3040'). 
For the high boiling-point mercaptans, only the latter method af- 
fords satisfactory results. 


A number of new alkylthiocolchicines, n-butyl-, n-hexyl-, n- 
octyl-, and pinanylthiocolchicines, were prepared. The yields in 
these cases were poor, ranging from 15 to 25% because the reac- 
tions were initially carried out at room temperature. In the case of 
n-butylthiocolchicine, the yield was improved to 45% by carrying 
out the reaction a t  95O in a pressure tube for 4 hr. The reactions 
are given in Scheme I. N-Deacetyl-alkylthiocolchicines (111) can be 
obtained in good to excellent yields when alkylthiocolchicine (11) 
in methanol is refluxed with hydrochloric acid and basified with 
sodium hydroxide (16,17). 


All compounds of I1 and 111 can be purified by dry column chro- 
matography on silica gel eluted with a solvent [ethanol-ethyl ace- 
tate (2080, v/v)]. The Rf values in this system are 0.48, 0.75, and 
0.45 for I, 11, and 111, respectively. However, some of the com- 
pounds could be purified satisfactorily by crystallization from suit- 
able solvents as indicated in the Experimental section. 


The compounds were tested' in an in uitro assay against L-1210 
(mouse leukemia). The results (Table I) show that the antileuke- 
mic activity of methylthiocolchicine is greater than that of colchi- 
cine. In ethylthiocolchicine, the antileukemic activity is decreased 
from colchicine; in the other alkylthiocolchicines (where the alkyl 
group is large), the activity is decreased greatly. N-Deacetyl-meth- 
ylthiocolchicine is as active as colchicine, while N-deacetyl-ethyl- 
thiocolchicine is much less active than colchicine. 


EXPERIMENTAL 


Commercial grade colchicine2 was used without further purifica- 
tion. The melting points3 reported are uncorrected. The IR spec- 
tra4 of n- butylthiocolchicine (IIc) and N-deacetyl-butylthiocol- 
chicine (IIIc) are reported here; the other spectra are practically 
identical with these two spectra in the region of 4000-750 cm-l. 
The band intensities are abbreviated as follows: vs, very strong; s, 
strong; m, moderate; w, weak; and vw, very weak. 


The UV spectra5 were recorded using 95% ethanol as the sol- 
vent. The NMR spectra6 were measured using tetramethylsilane as 
the internal standard and CDCl3 as the solvent. The spectra are re- 
ported in the following order: chemical shift (a), observed multi- 
plicity, coupling constant, number of protons, and assignment. 
Signals other than for thioalkyl protons of the compounds except 
for IIc are omitted. They are similar in pattern as well as chemical 
shift to those of IIc. 


Mass spectra? were recorded at 70 ev. Elemental analysess and 
TLCg were carried out for each sample. Silica gello (70-230 mesh) 
was used for dry column chromatography. The compounds were 
eluted with ethyl acetate-ethanol (8020) and examined with UV 
light. 


Methylthiocolchicine (1Ja)-To a pressure bottle containing 
colchicine (20.0 g), p-toluenesulfonic acid monohydrate (4.0 g), 
chloroform (50 ml), and a magnetic bar cooled in an acetone-dry 
ice bath was added methyl mercaptan (110 g), also cooled pre- 
viously in an acetone-dry ice bath. The pressure bottle was sealed 
and the reaction mixture was allowed to warm to room tempera- 


The Upjohn Co., Kalamazoo, Mich. * S. B. Penick and Co., New York, N.Y. 
Thomas-Hoover Unimelt apparatus. ' Beckman IR-8 spectrophotometer. 
Cary-I4 spectrophotometer. 
Varian A-60 spectrometer. 
LKB 9OOO SN maea spectrometer. 


Eastman Chromagraph Sheet 6061 silica gel. 
* Midwest Microlab, Inc., Indianapolis, Ind. 


lo EM Laboratories, Inc., Elmsford, N.Y. 


ture with constant stirring. The pressure bottle was then heated in 
a bath at  70' for 3 hr with constant stirring. The bottle was al- 
lowed to cool to room temperature, cooled further in an acetone- 
dry ice bath, and then opened. 


The excess methyl mercaptan was allowed to evaporate at 30- 
40' and was collected at  acetone-dry ice temperature for reuse or 
was destroyed by passing through several traps filled with acidic 
potassium permanganate or potassium dichromate solution. The 
syrupy residue was dissolved in chloroform (200 ml) and washed 
several times with saturated sodium bicarbonate solution and fi- 
nally with water. The chloroform layer was then dried over anhy- 
drous sodium sulfate, filtered, and evaporated to dryness. The 
crude residue was crystallized from hot ethyl acetate (200 ml), giv- 
ing 17.5 g of shiny yellow cubes. An additional 4.9 g of crude amor- 
phous product, that could not be crystallized from ethyl acetate, 
was recovered from the mother liquor. The shiny crystals were 
crushed and dried at 65-70' under vacuum for several hours to 
yield 14.3 g (69%) of methylthiocolchicine, mp 189-190' [lit. (15) 
mp 192-194OI; UV (95% ethanol): A, 385 (log c 4.25), 290 (4.06), 
and 257 (4.31) nm; NMR 2.46 (s,3, SCH3). 


Anal.-Calc. for C Z ~ H ~ ~ N O ~ S :  C, 63.60; H, 6.07; N, 3.37; S, 7.72. 
Found: C, 63.46; H, 5.92; N, 3.37; S, 7.70. 


Ethylthiocolchicine (1Ib)-To the solution of colchicine (16.0 
g )  and p-toluenesulfonic acid (2.4 g) in chloroform (40 ml) in a 
pressure bottle was introduced ethyl mercaptan (50 ml). The mix- 
ture was then sealed and heated in a bath a t  90-95' for 7 hr. After 
the evaporation of mercaptan, the reaction mixture was neutral- 
ized with sodium bicarbonate and extracted with chloroform. The 
chloroform extract was washed, dried, and then evaporated to dry- 
ness under reduced pressure at  45'. The residue was dissolved in 
hot ethyl acetate and gave ethylthiocolchicine, 9.92 g (58% yield), 
of pale-yellow cubic crystals, mp 204-205O [lit. (15) mp 207-208O1; 
U V  & 386 (log 6 4.27), 290 (4.06), and 256 (4.32) nm; N M R  1.45 


CH3). 


Found C, 64.15; H, 6.48; N, 3.27; S, 7.58. 
n-Butylthiocolchicine (1Ic)-The reaction was carried out 


and the product was isolated as described for IIb, yielding 45%, mp 
121-124'; UV: A, 387 (log c 4.25), 290 (4.03), and 257 (4.29) nm; 
IR (intensity, assignment): 3300 (s, amide NH stretching), 3058- 
2840 (8, CH stretching), 1670 (s, amide carbonyl stretching), 1616 
(8 ,  tropolone carbonyl stretching), 1546 (vs), 1493 (s), 1466 (s), 
1433 (s), 1408 (s), 1372 (m), 1353 (s), 1326 (s), 1287 (m), 1239 (m), 
1198 (m), 1156 (m), 1139 (s), 1098 (s), 1056 (w), 1022 (s), 993 (w), 
979 (m), 954 (w), 923 (m), 903 (w), 843 (w), and 826 (vw) cm-'; 
N M R  0.99 [t, J = 7.0 Hz, 3, S-CH-(CH2)-CH3], 1.70 [m, 4, 
S-CH2(CHi)pCH3], 1.99 (9, 3, COCHa), 2.46 (broad s, 4,CH2 of 


(three s, 3H each, OCI& of C1, C3, and C2)'l, 4.69 (broad s, 1, H7), 
6.56 (s, 1, H4), 7.20 (d, AB pattern, 5 1 1 ~ 2  = 10.5 Hz, 1,  HI^), 7.32 
(d, 1, H12), 7.52 (9, 1, Ha), and 8.38 (broad d, J = 7 Hz, 1, NH). 


Anal.-Calc. for C25H31N05S C, 65.62; H, 6.83; N, 3.06; S, 7.01. 
Found C, 65.33; H, 7.09; N, 2.93; S, 6.89. 


n-Hexylthiocolchicine (114-A mixture of colchicine (1.0 g), 
p-toluenesulfonic acid (0.20 g), chloroform (4 ml), and n-hexyl 
mercaptan (2 ml) was stirred in a closed container a t  room temper- 
ature for several weeks. The reaction mixture was poured slowly 
into petroleum ether (200 ml) with vigorous stirring, and a pale- 
yellow precipitate formed. The crude precipitate was dissolved in 
chloroform and purified by column chromatography. The product 
was crystallized from ethyl acetate-n-hexane, yielding 25%, mp 
228-230'; UV A, 387 (log c 4.28), 290 (4.04), and 257 (4.31) nm; 
N M R  0.91 [t, J = 6.5 Hz, 3, SCH-(CH2)4--CH3], 1.20-1.78 [m, 
8,SCH-(CH2)4--], and 2.90 ( t , J  = 6.5 Hz, 2, SCHz-). 


And-Calc. for C27HsN05S: C, 66.78; H, 7.27; N, 2.88; S, 6.60. 
Found C, 67.05; H, 7.53; N, 2.82; S, 6.71. 


n-Octylthiocolchicine (1Ie)-The reaction was carried out 
and the product was isolated as described for IId. The product was 
obtained as amorphous powder in 20% yield; UV: A,, 387 (log c 


(t, J = 7.3 Hz, 3, SCH-CH3) and 2.95 (9, J = 7.3 Hz, 2, SCH- 


Anal.-Calc. for C23H2~N05S: C, 64.31; H, 6.34; N, 3.26; S, 7.47. 


C-5 and C-6), 2.92 (t, J = 7.0 Hz, 2, S-CH-), 3.69, 3.92, 3.96 


l1 The examination of the NMR data on all alkylthiocolchicines con- 
firmed that the peak at 4.06 (ppm, 6) is attributed to the methoxy group on 
tropolone ring of colchicine; the earlier assignment (Varian NMR No. 689) 
at 3.67 is wrong since this peak does not disappear when the tropolone me- 
thoxy group is replaced by an alkylthio group. 
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4.24), 290 (4.01), and 257 (4.28) nm; NMR: 0.89 [t. J = 6.5 Hz, 3, 
SCHF(CH~)S-CH~], 1.34 [broad distorted singlet, 12, S C H p  
(CH&--], and 2.90 (t, J = 6.5 Hz, 2, SCH2-). 


Anal.-Calc. for C&,H39N05S: C, 67.81; H, 7.65; N, 2.72; S, 6.24. 
Found: C, 67.61; H, 7.91; N, 2.52; S, 6.02. 


Pmnylthiocolchicine (110-The reaction was carried out 
and the product was isolated by the procedure described for IId, 
yielding 20%; NMR 0.86 (s, l),  1.10 (s, 3, C&), 1.25 (s, 3, CH3), 
1.47-2.76 (m, 15 but only 8 for pinanyl part, overlapped with 


Anal.-Calc. for C31H39NO&: C, 69.24; H, 7.31; N, 2.60; S, 5.96. 
Found C, 69.05; H, 7.38; N, 2.58; S, 5.94. 
N-Deacetyl-methylthiocolchicine (II1a)-To the clear solu- 


tion of methylthiocolchicine (8.3 g) in methanol (120 ml) in a 
round-bottom flask was added 2 N hydrochloric acid (120 ml). The 
solution was refluxed for 40 hr, concentrated to 140 ml at 45O on a 
rotary evaporator, and then extracted with chloroform (5 X 120 
ml). The water layer was stored, and the chloroform layer was 
washed with water (4 X 100 ml). The second portion of the water 
washings was concentrated to 30 ml and then allowed to evaporate 
slowly a t  room temperature to give yellowish green needles (2.54 g) 
of N-deacetyl-methylthiocolchicine hydrochloride (111~-HCI), mp 
218-220°. The other three portions of the water washings were 
combined with the original water layer. The chloroform layer was 
evaporated to dryness and redissolved in hot ethyl acetate to give a 
mixture of IIIa and 110 (0.64 g) in about a 3 to 2 ratio as deter- 
mined by TLC. 


The combined water layer was basified to pH 13 with 10 N sodi- 
um hydroxide and extracted with chloroform (5 X 120 ml). The 
combined chloroform extracts were washed with water and dried 
over anhydrous sodium sulfate. The clear solution was concentrat- 
ed (40 ml), and then ether (240 ml) was added to give N-deacetyl- 
methylthiocolchicine (4.32 g) in crystalline form as pale-yellow 
shiny rectangular plates, mp 194-195’ [lit. (17) mp 195O]. The 
combined yield of IIIa and IIIa-HC1 was 89%. 


For ma, the mass spectrum showed m/e (%) M t  373 (1001, 345 
(22), 328 (36), and 298 (42). 


Anal.-Calc. for hH23NO4S: C, 64.32; H, 6.21; N, 3.75; S, 8.56. 
Found: C, 64.68; H, 6.53; N, 3.67; S, 8.86. 


For IIIa-HCI, the mass spectrum showed m/e (%) M i  373 (355) 
and H3Wl 36 ( 100). 


Anal.-Calc. for GoH23N04S . HCl: C, 58.58; H, 5.90, C1, 8.65. 
Found: C, 58.31; H, 5.90; C1,8.69. 
N-Deacetyl-ethylthiocolchicine (1IIb)-The reaction was 


carried out and the product was isolated by the procedure de- 
scribed for IIIa. The products IIIb and IIIb-HCl were crystallized 
from ethyl acetate and water, respectively, yielding 8096. 


COC& and CHz of C-5 and C-6), and 2.95 (d, 2, S C H e ) .  


For IIIb, the melting point was 158-160’ [lit. (17) mp 163O]. 
Anal.-Calc. for CzlH25N04S: C, 65.09; H, 6.50; N, 3.62; S, 8.28. 


For IIIb-HCl, the melting point was 206-208’. 
Anal.-Calc. for C21H25N04 - HCl: C1,8.36. Found: C1,8.25. 
N-Deacetyl-n-butylthiocolchicine (I1Ic)-The reaction was 


carried out and the product was isolated as described previously. 
The product was crystallized from ethyl acetate as yellow rectan- 


Found: C, 65.34; H, 6.21; N, 3.44; S, 8.14. 


gular prisms, yielding 75%, mp 140-141’; IFk 3380 (m, NH2 anti- 
sym stretching), 3320 (m, NH2 sym stretching), 3050-2840 (8, CH 
stretching), 1615 (s, tropolone carbonyl stretching), 1560 (vs), 1493 
(s), 1464 (s), 1435 (m), 1406 (s), 1376 (w), 1351 (s), 1321 (s), 1287 
(w), 1235 (m), 1200 (81, 1147 (81, 1120 (w), 1092 (s),1037 (w), 1017 
(s), loo0 (m), 984 (m), 966 (m), 922 (s), 842 (4 ,822  ( ~ 4 , 7 9 6  (vw), 
and 755 (vw) cm-’. 


Anal.-Calc. for C23HmNO4S: C, 66.47; H, 7.03; N, 3.37; S, 7.71. 
Found C, 66.58; H, 7.12; N, 3.24; S, 7.52. 
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Automated Conductimetric Titrimeter: 
Use in Studying Ionic Solute-Solute Interactions 


G. I. MUKHAYER, S. S. DAVISX, and ERIC TOMLINSON 


Abstract 0 An automatic conductimetric titration apparatus is 
described in which the delivery of titrant is effected using a motor- 
ized automatic syringe having a wide range of injection rates. Two 
applications of the apparatus are described: (a) determination of 
the CMC of cationic and anionic surfactants, and (b) study of the 
interaction of an organic anion (sodium lauryl sulfate) and organic 
cations (phosphonium salts). The accuracy and precision of results 
using this apparatus are superior to results obtained by the tedious 
manual method. 


Keyphrases 0 Titrimeter, automated conductimetric-design, 
application to studying solutesolute interactions Syringe, mo- 
torized automatic-component of automatic conductimetric titra- 
tion apparatus, application to solute-solute interactions 0 Con- 
ductimetric titrations-automatic apparatus described, applied to 
solute-solute interactions 
~ 


The physical property of solution conductance is 
well established, and conductimetric titration mea- 
surements can be used for various purposes. In phar- 
macy such measurements find application in studies 
on association and micellization, interaction ( i e . ,  
complexation) between species of opposite charge, 
and analytical quality control. However, the usual 
method of addition of titrant or complexing agent to 
the titration vessel is tedious, and the results are 
often subject to experimental inaccuracies. 


A conductimetric titration of one ion against an- 
other of opposite charge will provide information on 
ion-pair formation, complexation (as described by 
the solubility product), and, if one ion is surface ac- 
tive, the effect of the added species (counterion) on 
micelle formation. In addition, a study of the interac- 
tion of a large organic ion with congeneric members 
of a series of ions of opposite charge can lead to the 
calculation of thermodynamic quantities and, subse- 
quently, the derivation of extrathermodynamic pa- 
rameters (1) for use in linear free energy relation- 
ships to examine structure-activity correlations by 
regression analysis. 


Studies on the variation of the free energy term 
with temperature should lead to an insight into en- 
thalpy and entropy contributions to the interaction 
and, in consequence, the processes responsible for 
such complex formation. Because small errors in 


measurement of the solubility product (and any asso- 
ciation constant) will lead to  greater errors when the 
free energy-temperature relation is differentiated 
(2), an essential requirement of measurement is that 
the experimental data are of high accuracy. Such ac- 
curacy cannot be obtained with manual or semiauto- 
matic methods. 


Thus, an accurate automatic conductimetric titra- 
tion apparatus was developed, using commercially 
available components, which is suitable for pharma- 
ceutical systems. Semiautomatic conductimetric ti- 
trimeters for use in analytical measurements were de- 
scribed previously (3,4). 


EXPERIMENTAL 


Apparatus (Fig. 1)-A conductivity bridge’, which is contin- 
uously and automatically balanced, is connected to a dip-type con- 
ductivity cell contained in a thermostated beaker. The tempera- 
ture is maintained constant by water pumped from a water bath 
and cooler unit. The titration mixture is agitated constantly by a 
magnetic stirrer. The measured conductivity, which can be read 
directly from the bridge, is normally recorded in the form of a con- 
tinuous trace on a chart recorder. 


In titrations where an external standard is used, a similar ther- 
mostated beaker is connected to the water bath; a dip cell, which 
has a comparable cell constant (fO.O1) to the other cell, is con- 
nected to the external standard terminal of the bridge. The stir- 
ring conditions in the external standard are maintained the same 
as in the unknown during the titration. 


The delivery of the titrant is maintained constant using a motor- 
ized automatic syringe*, which has a wide range of delivery rates 
according to the capacity of the special syringes used. Where an 
external standard is used, two syringes of the same capacity are 
employed and driven simultaneously at  the same rate. 


Calibration-The conductivity bridge was trimmed and cali- 
brated as described in the instrument manual. 


The automatic motorized syringe equipment is supplied with 
special syringes, consisting of a calibrated glass barrel and a steel 
plunger fitted with a rubber gasket. The accuracy and reproduc- 
ibility of the volume delivered from the syringes were tested by 
two techniques: (a) the syringe was allowed to drain into a dry, 
previously calibrated volumetric flask of a suitable volume; and (b) 
the syringe was filled with a potassium chloride solution of known 
conductivity and this was titrated into a blank of double-distilled 
water of known volume. The conductivity was recorded as a func- 


Wayne-Kerr B642 universal bridge, Wayne-Kerr, Surrey, England 
R. Braun, Melsungen, West Germany. 
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figure 1-Schematic diagram of automatic conductimetric titrimeler. Key: 1, conductivity bridge; 2, dip-type conductivity cell; 
3, thermostated beaker; 4, water bath; 5, cooler unit; 6, magnetic stirrer; 7, chart recorder; 8, motorized automatic syringe; and 9, 
stainless steel cannula. 


tion of.the added volume. The variation as compared to the figures 
supplied by the manufacturer was f0.03%. 


The specific conductance at  any instant of the titration can be 
calculated from the following equation: 


(Eq. 1) 


where K,, = specific conductance at  time t of the titration; K, = 
initial conductance in the titration vessel at zero concentration of 
titrant; K t  = recorded conductance at time t;  Ccell = cell constant; 
and Ft = dilution factor at time t where Ft = [(V + Vt) /V] ,  
where V = initial volume, and Vt = volume delivered by the sy- 
ringe. 


Average variations of the specific conductivity obtained from 
the automatic procedure as compared with a calibration curve 
made for standard solutions of the electrolyte were f0.1%. 


In titrations using the external standard technique, the syringes 
and the dip cells were matched by the electrolyte method alone. 
The two beakers utilized were filled with equal volumes of double- 
distilled, deionized water, and the two syringes were filled with 
equal volumes of the same electrolyte solution. The magnetic stir- 
rers were adjusted to give the same rate of stirring; the conductivi- 
ty bridge was trimmed, set, and calibrated as before. When proper- 
ly balanced, there was no change in the recorded conductivity 
when the same electrolyte solution was titrated into two different 
beakers. 


Applications-Determination of Critical Micelle Concentra- 
tion (CMC) -A plot of specific conductivity against concentration 
for a detergent solution leads to a change in the slope obtained in 
the region of the CMC. Experimental points may be considered to 
lie along two straight lines, the extrapolated intersection of which 
can be taken as the CMC (5). For these studies, the conductivity 
was recorded as a function of volume when surfactant solutions 


(benzalkonium chloride3 and sodium lauryl sulfate4) were titrated 
against 50.0 ml of double-distilled, deionized water ( K ;  < 1.0 X 


Interaction between Large Organic Ions of Opposite Charge- 
The interaction between sodium lauryl sulfate and various phos- 
phonium salts5 in an aqueous medium was studied in a range of 
concentrations. The phosphonium compounds were recrystallized 
from ethanol before use. 


A phosphonium salt solution (50.0 ml) was contained in the ti- 
tration beaker, and a 1 X lo-' M solution of sodium lauryl sulfate 
was added slowly from the syringe. 


External Standard Technique for Following Compfexation- 
The interaction between two ions and the subsequent solubiliza- 
tion of the complex can be studied to an even higher degree of pre- 
cision using an external standard technique. An extra thermo- 
stated beaker containing 50.0 ml of conductivity water was fitted 
with a dip-type conductivity cell that had a similar cell constant to 
the other cell (1.40 uersus 1.39). This was connected to the exter- 
nal standard side of the conductivity bridge. The other thermo- 
stated beaker contained the solution of phosphonium compound. 
The conductivity bridge was then balanced to give a null point 
reading. The sodium lauryl sulfate solution was then titrated into 
the two beakers simultaneously. 


mho/cm at  25'). 


RESULTS AND DISCUSSION 


CMC-It has long been established that the antibacterial action 
of the quaternary ammonium salts is related to their physical 


Sterling- Winthro Research Laboratories Rensselaer N.Y 
Specially purifielgrade, British Drug Hohes, Poole, England. 
Maybridge Chemical Co., Cornwall, England. 
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properties and, in particular, their relative surface activity to their 
relative lethal capacity (6). Commercially available benzalkonium 
chloride products are a mixture of alkyl benzyldimethylammon- 
ium salts comprised of the C&ls homologs. Work reported here is 
part of a study undertaken to examine relationships between the 
surface activity of pure alkyl benzyldimethylammonium chlorides 
and their antibacterial activity. 


Published literature values for the CMC’s of the examined series 
are a t  variance (7,8), and the conductimetric titrimeter provides a 
rapid and extremely accurate method of establishing the CMC’s of 
benzalkonium chloride. 


Figure 2 shows the plot of log CMC uersus alkyl chain length for 
data obtained in the present study and previously reported values. 
The results (7) obtained using a lowering of the surface tension 
method, although smaller than those in this study a t  all chain 
lengths, are in reasonably close agreement. The difference is possi- 
bly due to the fact that the surface tension method requires a high 
degree of purity of the surfactant solution. 


The results (8) determined with a dye titration method are far 
lower and show an anomalous break in the curve at  n = 12. This is 
probably due to the dye molecules promoting micelle formation. 
There is no evidence of “odd-even” effects where values for even- 
numbered homologs fall on a different line than odd-numbered 
homologs (9). 


The relationship between CMC and chain length (n) in Fig. 2 is 
given by: 


log CMC = a - bn (Eq. 2) 


where a and b are constants. The gradient b is 0.36, indicating 
that the addition of each methylene group reduces the CMC by a 
factor of 2.3. 


If micelle formation is considered as a phase separation process, 
a free energy value of -507 cal/mole can be calculated for the 
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Figure 2-Log CMC versus alkyl chain length for alkyl 
benzyldimethylammonium chlorides. Key: 0, this work; A, 
Ref. 7; and a, Ref. 8. 
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Figure 3-Experimental curves from chart recorder showing 
change in conductivity with added sodium lauryl sulfate. 


transfer of a methylene group from an aqueous environment to the 
micelle. [The nonideality of monomeric species in solution and the 
small correction for the entropy of mixing of the micellar phase 
with the solvent were ignored. These factors will have a small in- 
fluence on the calculated result (lo).] 


Figure 3 shows the experimental curves of conductivity versus 
volume of added sodium lauryl sulfate solution (0.2 M) for the 
10-50° range. The calculated CMC values a t  different tempera- 
tures were compared to values reported by Goddard and Benson 
(11) in Fig. 4. At each temperature, slightly higher values for the 
CMC were recorded. 


The conductivity of solutions of sodium lauryl sulfate below the 
CMC was also monitored using this titrator, and the equivalent 
conductivities were calculated and compared to the Onsager limit- 
ing slope. Deviations from the slope could be attributed to premi- 
cellar aggregation of surfactant molecules (12). 


1 1 I 
I I 


15‘ 25” 35” 45” 
TEMPERATURE 


Figure &Change of CMC with tempemture for sodium 
lauryl sulfale. Key: A, this work; and 0, Ref. 11 .  
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fate, there is a linear relationship between specific conductivity 
and sodium lauryl sulfate concentration. In this region the compo- 
nents of the solution are in an almost fully ionized state. However, 
there is the possibility of aggregation and limited ion-pair forma- 
tion. 


A second region is heralded by a break in the curve (the solution 
normally goes turbid a t  this point), followed by a curvilinear re- 
gion. The sudden change in the gradient of the conductivity-vol- 
ume of titrant plot is due to the separation of a complex between 
sodium lauryl sulfate and the phosphonium salt. 


The change in this end-point with different phosphonium-ion 
concentrations is shown in Fig. 6 as a double logarithmic plot. The 
gradient of the straight line is 1.0, indicating that a 1:1 complex 
has been formed. The solubility product is: 


K, = [sodium lauryl sulfate] x [phosphonium] (Eq. 3) 


Finally, a third region occurs when the CMC of sodium lauryl 
sulfate is reached. This produces another change in the slope of 
the conductivity relationship, but it is less distinct than the com- 
plexation point. At  the CMC, the complex is solubilized and the 
turbid solution begins to clear. 


The coefficient of variation of these titrations in reproducing the 
same titration curve and the same end-point was f0.1%. 


The change in solubility product with alkyl sulfate chain length 
is shown in Fig. 7. It is apparent that each methylene group added 
to the alkyl chain changes the solubility product by a constant fac- 
tor of 3.6. The corresponding change in free energy is -766 call 
mole. This value is much larger than the free energy increment for 
the methylene group for micelle formation (Fig. 2). However, it is 
somewhat smaller than the increment for transfer of the meth- 
ylene group from an aqueous environment to a nonpolar solvent 
(13). Such values suggest that the turbid phase separating a t  the 
first end-point is a liquid-like coacervate system rather than a 
solid precipitate (1). 


A detailed treatment of the thermodynamics of complexation 
between alkyl sulfates and phosphonium compounds and the ef- 
fects of different experimental conditions and additives will be 
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Figure 6-Conductimetric titration of sodium lauryl sulfate 
(0.1 M solution) against butyltriphenylphosphonium bromide 
(1.4 X M solution). 
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Interaction between Large Ions-A typical conductivity 
curve for the titration of sodium lauryl sulfate against a solution of 
phosphonium compound is shown in Fig. 5. It consists of three sep- 
arate regions. At a low concentration of added sodium lauryl sul- 
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Figure 6-Titration of sodium lauryl sulfate solutions against 
different concentrations of phosphonium salt (benzyltriphenyl- 
phosphonium chloride) (double log plot). 
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Figure ?-Log K, versus chain length for the interaction of 
sodium lauryl sulfate with benzyltriphenylphosphonium 
chloride. 
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o f  alkyl sulfates with benzyltriphenylphosphonium chloride. 
[SOS = sodium octyl sulfate, K. x 10-6; SDS = sodium 
decyl sulfate, K. x 10-0; and SDDS = sodium lauryl sulfate, 
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The effect of temperature on the solubility product was studied 
using a given phosphonium compound and three different alkyl 
sulfate homologs (Fig. 8). The solubility product passes through a 
minimum in the region of 25' in a similar manner to the CMC of 
the alkyl sulfates alone (Fig. 4 and Ref. 11). 


Where the external standard technique is used, the conductivity 
versus volume titrant added plot should be a horizontal line in the 
absence of complexation. However, for the anion-cation system 
studied, there is a difference in conductivity reading between the 
two beakers due to interaction and complexation (Fig. 9). Three 
distinct regions are evident: 


1. An initial region where there is only a small conductivity dif- 
ference. This is considered to be due to the formation of ion-pairs 
in water (14) and a possible premicellar aggregation (dimer forma- 
tion) of the anion (sodium lauryl sulfate) (12). 
2. The complexation region. 
3. The micellization region. 


Therefore, the external standard method provides a rapid and ac- 
curate method for the detection of the solubility product and the 
CMC. An association constant for ion-pair formation can be calcu- 
lated from the initial region. 


The theoretical change in conductivity due to complex forma- 
tion can be calculated from experimentally determined values of 
equivalent conductance of the alkyl sulfate, phosphonium com- 
pound, and sodium and chloride ions. Above the complexation 
point, Eq. 3 becomes: 


K ,  = [sodium lauryl sulfate - x ]  x [phosphonium - x ]  
(Eq. 4) 


Experimental 


. 
x-l . 


10 -8 2 x 10-8 
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Figure 9-Intemction between sodium lauryl sulfate and 
benzy2triphenylphosphonium chloride (3 X 10 - 4  M) using the 
extenad standard technique. Key: O, experimental; and 0, 
predicted. 


where x is the concentration of complex formed. The value of x 
can be found by solving the quadratic equation resulting from Eq. 
4, and from this the theoretical fall in conductivity can be calculat- 
ed. The agreement between theoretical and experimental data is 
good up until micelle formation. Furthermore, the comparison of 
theoretical and experimental data allows the CMC for the mixed 
system to be determined accurately. 
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BOOKS 


REVIEWS 


Assay of Vitamins in  Pharmaceut ical  Preparations. By MAN- 
ZUR-UL-HAQUE HASHMI. Wiley, New York, NY 10016,1973. 
512 pp. 24 X 16 cm. Price $32.00. 
This up-to-date (through 1971) compilation of methods will be 


of great benefit to anyone interested in the analysis of vitamins in 
pharmaceutical preparations. For the first time, all published 
methods are gathered into one volume with sufficient detail t o  
allow analysis of vitamin products by the method deemed most 
suitable for the preparation being analyzed. A sufficient number of 
references are given for each type of determination in the event the 
analyst desires further information. 


Each chapter deals with an individual vitamin with separate 
chapters for multivitamin preparations and for automated analy- 
sis. Critical evaluations of the methods are included together with 
brief discussions of the detail procedures. A separate chapter con- 
cerning the stability of vitamins in multivitamin preparations con- 
tains a very comprehensive bibliography on the subject. In all, the 
book covers 215 individual analytical methods for 18 different vi- 
tamins documented by more than 700 literature references, 44 fig- 
ures, and 15 tables. 


All USP XVIII methods for the analysis of vitamins have been 
included with appropriate references. Necessary modifications by 
different authors and critical opinion expressed in the literature 
about the USP procedures have been mentioned to inform readers 
about the latest developments. The British Pharmacopoeia and 
the National Formulary methods which differ from the USP pro- 
cedures are also described. 


This compilation of methods is recommended for all analysts in- 
terested in or involved with the analysis of vitamin preparations. 


Reviewed by C. T. Kenner 
Southern Methodist University 
Dallas, TX 75275 


also seems to suffer from the illusion that there is for most drugs a 
1:1 correspondence between blood levels and clinical effect. 


Sententiousness without substance characterizes W. A. Rits- 
chel’s next chapter on “Peroral Solid Dosage Forms with Pro- 
longed Action.” On page 48 he lays down the rule that “drugs hav- 
ing a biological half-life of 8 or more hours should not be used in 
sustained release preparations for peroral use,” apparently una- 
ware that drugs such as chlorpheniramine with a half-life triple his 
arbitrary limit require multiple daily doses to maintain therapeu- 
tic effectiveness. In the following chapter, Ritschel discusses “Par- 
enteral Prolonged Action Dosage Forms” in journeyman fashion. 


The succeeding two chapters on “Design of Topical Drug Pro- 
ducts: Pharmaceutics,” and “Biopharmaceutics” by Martin Katz 
and Boyd J. Poulsen, respectively, are companion pieces of the 
highest quality, very obviously written out of a wealth of experi- 
ence. Skin anatomy and physiology, preparation of dermatological 
bases, clinical testing, factors controlling drug diffusion, etc., are 
discussed with authoritative thoroughness. 


All you ever wanted to know about “The Design of Sunscreen 
Preparations’’ is covered in the next chapter by G. W. Van Ham 
and W. P. Herzog. For a bonus the authors even throw in a few 
paragraphs on insect repellents. 


That one percent of us are stone carriers we learn in the next 
chapter on “Litholytic Agents: Preventive and Curative Drugs for 
Nephrolithiasis” by G. Kallistratos. This chapter could have been 
strengthened with a bit of editing and reorganization of material. 


One can hardly imagine E. J. Ariens, the editor, after assembling 
these nine chapters resting in the belief he had completed the de- 
finitive text on drug design. The unwritten chapters testify, not to 
any lack of wisdom on the part of the editor, but on the tentative 
nature of the topic. 


Reviewed by S. S. Walkenstein 
Smith Kline and French Laboratories 
Philadelphia, PA 19101 


Drug Design, Volume IV. Edited by E .  J .  AFUENS. Academic, 
111 5th Ave., New York, NY 10003, 1973. 489 pp. 16 X 24 cm. 
Price $35.00. 
Those lured by the title into the hope that with this text on the 


drafting table they can proceed to design model compounds guar- 
anteed to become drugs of choice should first turn to page 290. 
Here, in this excellent chapter on “The Design of Biologically Ac- 
tive Nucleosides,” Alexander Bloch lists some two dozen parame- 
ters that would have to be known for each species in which the 
compound is intended for use “in order to proceed rationally” to 
design drugs, and warns that “even then we would probably have 
missed a variety of more complex parameters, and would still not 
be able to predict its (the drug’s) most sensitive site of action.” 
Bloch goes on, however, to demonstrate the versatility of the nu- 
cleosides, from the viewpoint of both structure and application. 


In the next chapter, appropriately the last, the patient is the vic- 
tim, the therapeutic aim is death, the undesirable side effect devel- 
opment of resistance to toxicity. Perverse as inclusion of this arti- 
cle on “The Design of Insecticidal Chlorohydrocarbon Deriva- 
tives,” by G. T. Brooks might seem, it nevertheless is an inter- 
esting addition to the text, including theoretical considerations, 
detailed structure-activity data, and modifications to counteract 
detoxification. 


Unfortunately, equal value cannot be claimed for the opening 
three chapters. The first, by Leslie Benet on “Biopharmaceutics as 
a Basis for the Design of Drug Products” elaborates the obvious. 
One can almost visualize the good professor wagging his finger as 
he patiently explains (page 4) that “quickly” means “rapidly.” He 


Synopsis of Endocrine Pharmacology. By J .  A. THOMAS and 
M. G. MAWHINNEY, University Park Press, Chamber of Com- 
merce Building, Baltimore, MD 21202, 1973. x + 225 pp. 16 X 23 
cm. Price $12.50. 
The authors indicate that this book was written “to present an 


overview of the relationship between hormones that are normal 
constituents of the body in some instances and that are therapeu- 
tic replacements or diagnostic tools in other conditions.” It is indi- 
cated in the book jacket that  the book is designed for use by “med- 
ical and pharmacy students, graduate students in pharmacology, 
physiology, biochemistry, reproductive biology and zoology, ani- 
mal husbandry, and veterinary medicine, and for all physicians, 
clinicians, biologists, and biochemists whose work requires a fast, 
concise review of the latest concepts of hormonal actions.” Writing 
a synopsis of such a broad topic for use by such a wide range of 
students and investigators with such a wide variety of backgrounds 
is an ambitious undertaking to say the least. 


The book contains 12 chapters relating to a diverse range of topics 
in endocrinology and endocrine pharmacology. Chapter 1 deals 
with the newly discovered hypothalamic-releasing factors and 
their potential therapeutic applications. Anterior and posterior pi- 
tuitary hormones are treated separately in Chapters 2 and 3. 
Chapter 4 deals with carrier molecules and other factors concerned 
with hormone transport. Thyroid agents are discussed in Chapter 
5 and parathyroid hormone in Chapter 6. Sex hormones (estro- 
gens, androgens, and progestational agents) are reviewed in Chap- 
ters 7-9. Chapter 10 is concerned with the adrenocortical steroids. 
Insulin, glucagon, and hypoglycemic agents are covered in Chapter 
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Synthesis and CMC Determination of a 
Series of Aliphatic Diamines 


LARRY J. POWERS, E. 0. DILLINGHAM, and GEORGE E. BASS' 


Abstract Fifteen aliphatic diamines substituted with one long 
alkyl chain (ClpCls), a varying number of methylene groups sepa- 
rating the nitrogens (two to six), and various aliphatic substituents 
were synthesized and their CMC's were determined. While the 
length of the long alkyl chain plays a dominant role in influencing 
the CMC, the other N-alkyl substituents as well as the length of 
the methylene chain separating the two nitrogens of the diamine 
are significant factors. 


Keyphrases Diamines, aliphatic-synthesis, determination of 
CMC values, effect of long alkyl and methylene chains on surface 
activity 0 CMC-determined for 15 aliphatic diamines with one 
long alkyl chain and varying methylene chain 


The bactericidal activity of aliphatic monoamines 
and diamines was shown to depend largely on their 
surface activity (1). This has been established in nu- 
merous model systems which have correlated anti- 
bacterial activity with surface tension lowering (2), 
critical micelle concentration (CMC) (3,4), and pene- 
tration into monolayers (5). While the length of the 
aliphatic chain is the predominant factor in deter- 
mining surface activity, the smaller but significant 
effects of changes at  the protonated nitrogen have 
been noted (6). 


To explore further the effect of structural variation 
on surface activity, a series of aliphatic diamines was 
synthesized and their CMC values were determined. 
This series allows variation of not only the length of 
the long alkyl chain (RI) and the other nitrogen sub- 
stituents (R2, Rs, and R4) but also the number of 
methylene groups (n) separating the two amino ni- 
trogens. 


EXPERIMENTAL' 


N,N-Dimethyldiamine Dihydrochlorides (I-VIII and X- 
XIV)-The appropriate acyl chloride was added to a stirred solu- 
tion of the appropriate N,N-dimethyldiamine (1 equivalent) and 
triethylamine (1 equivalent) in benzene. The reaction mixture was 
refluxed for 2 hr, cooled, and filtered. The filtrate was washed with 
5% NaHC03 and a saturated solution of sodium chloride and dried 
(sodium carbonate). The residue from the evaporation of the ben- 
zene was recrystallized from benzene-isopropanol to give the de- 
sired amide. 


The amide was placed in an erlenmeyer flask connected to a 
three-necked round-bottom flask with a length of rubber tubing. 
From this container, the amide was added over 2 hr to a suspen- 
sion of lithium aluminum hydride (twofold excess) in ether under 
dry nitrogen. After stirring for 12 hr a t  25O, the reaction mixture 
was worked up in the usual method (7). The resulting filtrate was 
dried (sodium carbonate) and filtered. Then a saturated solution 
of dry hydrogen chloride in ether was added to  the filtrate until no 


Melting points were determined on a Fisher-Johns apparatus and are 
uncorrected. Elemental analyses were erformed by Galbraitb Laboratories, 
Knoxville, Tenn. NMR spectra were zetermined in CDCk (tetramethylsil- 
ane internal standard) solution on a Varian A-60A analytical spectrometer 
or a Hitachi-Perkin-Elmer 60-MHz spectrometer. IR spectra were deter- 
mined on a Perkin-Elmer model 257 spectrophotometer. 
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Figure 1-CMC determination for N'-h.exadecyZ-N,N-di- 
meUlylbutanediamine dihydmhbride,  X I I .  Vertical bars 
indicate th.e standard deviation (n = 5) .  


more salt precipitated. The precipitated salt was washed with 
ether and recrystallized from a mixture of ethyl acetate and meth- 
anol. IR spectra of the final compounds and intermediates were 
compatible with the structural assignments. The 2-hydroxyethyl 
derivatives, VII and XIV, were synthesized from V and XIII, re- 
spectively, using ethylene oxide in ether (8). 


N-Octadecyl-1.3-propanediamine Dihydrochloride (XV) 
-3-Bromopropionyl chloride (18.6 mmoles, 3.18 g) was added 
dropwise to a cold (5-10') solution of octadecylamine (18.6 
mmoles, 5 g) and triethylamine (2.58 ml) in benzene (200 ml). The 
reaction mixture was allowed to warm to 25O and was stirred for 72 
hr, during which time a product precipitated. The benzene was 
evaporated and the residue was washed well with water. The resi- 
due was recrystallized from methanol to give 5.1 g of the amide as 
white crystals, mp 90-91O. The IR spectrum was consistent with 
the structural assignment. 
N-Octadecyl-3-bromopropionamide (12.4 mmoles, 4.0 g) and 


potassium phthalimide (13.6 mmoles, 2.29 g) were slurried in di- 
methylformamide (60 ml) and refluxed for 3 hr. The reaction mix- 
ture was cooled and poured into water, and the slurry was acidified 
with concentrated hydrochloric acid. The mixture was extracted 
with chloroform, the organic layer was dried (sodium sulfate), and 
the chloroform was removed. The white residue was washed with 2 
N NaOH and recrystallized from methanol to give 2.5 g of the N- 
octadecyl-3-phthalimidylpropionamide as white crystals, mp 
140-141O. The IR spectrum was consistent with the structural as- 
signment. 


The phthalimide (1.0 g) was dissolved in a refluxing solution of 
95% ethanol (10 ml) and 85% hydrazine hydrate (0.5 ml). The reac- 
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Table I-Melting Points, CMC's, and  Elemental Analyses for a Series of Alkyl Diamine Dihydrochlorides R1 


Compound R1 Rz 


C M C  ~~ 


(log con- Analysis, % 
Melting centration 


R3, R4 n Point x 106) Calc. Found 
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I1 


I11 


IV 
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VI* 
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X I  


XI1 


XI11 


XIV 


xv 
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CzH4OH 
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H 
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CzH4OH 
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2 
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2 


4 


6 


2 


3 


4 


3 


3 


3 


225-226' 


216-219' 


212-215' 


236-238' 


220-222' 


69-70' 


21 0-2 12 ' 


254' dec. 


182-183' 


182-183 O 


190' dec. 


210' dec. 


66-67 O 


88-90 ' 


212-214' dec. 


-a 


3.87 


2.83 


2.94 


1.65 


1.61 


1.49 


1.82 


2.10 


1.72 


1.98 


1.80 


1.36 


1.26 


0.96 


C 55.80 
H 11.37 
C1 23.53 
N 9.30 
C 58.34 
H 11.63 
C1 21.53 
C N 60.48 8.50 


H 11.84 
C1 19.84 
N 7.84 
C 61.43 
H 11.94 
c 1  19.09 
N 7.54 
C 62.31 
H 12.03 
C1 18.39 
N 7.27 
C 73.56 
H 12.96 
c 1  - 
N 8.58 
C 61.51 
H 11.73 
C1 16.51 
N 6.52 
C 63.89 
H 12.18 
C1 17.41 
N 6.77 
C 65.27 
H 12.33 
C1 16.06 
N 6.34 
C 63.89 
H C1 12.18 17.14 


N 6.77 
C 64.61 
H 12.26 
C1 16.58 
N 6.55 
C 65.27 
H 12.33 
C1 16.06 
N 6.34 
C 61.58 
H 11.58 
C1 14.54 
N 5.74 
C 60.99 
H 11.37 
C1 13.34 
N 5.27 
C 63.13 
H 12.11 
C1 17.74 
N 7.01 


56.05 
11.43 
23.97 
9.45 
58.31 
11.54 
21.46 
8.49 
60.35 
11.68 
19.86 
7.90 
60.99 
12.23 
18.98 
7.70 
62.12 
11.87 
18.48 
7.37 
73.96 
13.27 


8.65 
61.93 
12.43 
16.21 
7.00 
63.76 
12.56 
16.99 
6.62 
65.25 
12.27 
16.12 
6.23 
63.79 
12.17 
17.18 
6.80 
64.53 
12.46 
16.38 
6.27 
65.49 
12.27 
16.12 
6.23 
61.73 
11.69 
14.44 
5.83 
60.74 
11.82 
13.14 
5.50 
63.25 
12.17 
17.58 
7.20 


- 


a No CMC was found below 10-2 M .  b Palmitamide derivative, melting point and analysis are of the free base; hydrochloride, mp 120-121O. 


tion mixture was refluxed for 12 hr and then cooled. The ethanol 
was evaporated and the residue was recrystallized from ethyl ace- 
tate to give 0.34 g of N-octadecyl-3-aminopropionamide, mp 10% 
110". The IR spectrum was consistent with the spectral assign- 
ment. 


The N-octadecyl-3-aminopropionamide (0.35 g) was added to a 
slurry of lithium aluminum hydride (0.5 g) in ether. The mixture 
was stirred overnight and worked up in the usual manner (7). The 
resulting ether solution was dried (sodium carbonate), and a satu- 
rated solution of anhydrous hydrogen chloride in ether was added. 


The precipitated dihydrochloride salt was recrystallized from a 
mixture of isopropanol-ethyl acetate to give 0.3 g of crystals, mp 
214" dec. The IR spectrum was consistent with the structural as- 
signment. 
N,N-Dimethyl-N-hexadecyldiaminohexane (1X)-Capro- 


lactone (30 ml, 0") and cold (0') dimethylamine (100 g) were 
added to a Parr bottle. The bottle was sealed and allowed to warm 
to 25" and then to stand for 1 week at 25'. The reaction vessel was 
cooled to 0" and the stopper was removed. Nitrogen was bubbled 
through the mixture to evaporate the excess dimethylamine. The 
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residue was distilled to give 30 g of oil (bp 188-190°/11 mm). IR 
and NMR indicated that it was pure N,N-dimethyl-6-hydroxyhex- 
amide. 
N,N-Dimethyl-6-hydroxyhexamide (5 g) and purified tosyl chlo- 


ride (14 g) (9) were dissolved in dry pyridine (distilled from bari- 
um oxide) and stored for 3 days at 5O. The reaction mixture was 
poured into water (200 ml), and the resulting slurry was extracted 
with chloroform (2 X 150 ml). The combined chloroform solutions 
were washed with 1 N HzSOd (3 X 100 ml), 5% NaHC03 (3 X 100 
ml), and a saturated solution of sodium chloride. The chloroform 
solution was dried (magnesium sulfate), and the chloroform was 
evaporated to give an oil (7.7 9). NMR and IR indicated that it was 
>go% pure. This product was used without further purification. 
N,N-Dimethyl-6-tosylhexamide (15.9 mmoles, 5 g) and potassi- 


um phthalimide (17.5 mmoles, 3.25 g) were slurried in dimethyl- 
formamide, and the mixture was refluxed for 3 hr. The reaction 
mixture was cooled and poured into water (150 ml), and the slurry 
was extracted with chloroform (3 X 100 ml). The chloroform was 
washed with 5% NaOH (2 X 100 ml), the organic layer was dried 
(magnesium sulfate), and the solvent was evaporated. The residual 
oil (2.5 g) was dissolved in 95% ethanol (25 ml), and 85% hydrazine 
hydrate (1  ml) was added. Then the mixture was refluxed for 12 
hr. The ethanol was evaporated, and the residual oil was distilled 
through a short column to give 1 g of a clear oil. IR and NMR indi- 
cated that it was the desired N,N-dimethyl-6-aminohexamide. 


A mixture of N,N- dimethyl-6-aminohexamide (4.74 mmoles, 
750 mg), triethylamine (0.7 ml), and palmitoyl chloride (4.74 
mmoles, 1.30 g) was refluxed for 2 hr in benzene and then allowed 
to stand for 12 hr at 25O. The reaction mixture was washed with 
water and a saturated solution of sodium chloride and dried (mag- 
nesium sulfate). Evaporation of the benzene gave a white residue 
(1.3 g). Then 1 g of this residue was reduced with lithium alumi- 
num hydride and converted to the dihydrochloride salt in ether. 
The precipitate was washed with ether and recrystallized from 
ethyl acetate-methanol, mp 182-183’ (yield 700 mg). 


CMC Determinations-The CMC’s were determined by the du 
Nouy ring method (10) in isotonic saline a t  25O using a surface 
tensiometer2. The corrected surface tension, S, was calculated as S 
= P X (0.7250 + UP + b )  dyneslcm, where P is the apparent sur- 
face tension (dial reading), a = 4.0333 X and b = 0.01378 (11, 
12). A minimum of 14 concentrations, five replicates each, were 
measured for each amine. The CMC was designated as the inter- 
cept of the linear segments from a plot of surface tension versus 
log (amine concentration). A typical plot is shown in Fig. 1. 


RESULTS AND DISCUSSION 


To determine the effect of changes in the length of the long alkyl 
chain (R1) and the number of methylene groups separating the two 
nitrogens on the CMC, a series of N,N-dimethyl (R3 and R4) di- 
amines was synthesized. These compounds were synthesized by 
converting the long chain carboxylic acid (commercially available 
in high purity) to the corresponding acyl chloride. The acyl chlo- 
ride was then allowed to react with the appropriate N,N-dimethyl- 
diamine. The resulting amide was reduced to the desired diamine 
by adding it, as a dry powder, to lithium aluminum hydride in 
ether. The addition of the amide as a dry powder was found to be 
more convenient than the soxhlet method recommended by Wil- 
son and Stenberg (13) for amides of low solubility in ether. 


It was necessary to synthesize the N,N-dimethylhexanediamine 
to obtain the hexamethylenediamine (IX). In contrast to the open- 
ing of y-butyrolactone with amines, which gives a mixture of prod- 
ucts (14), the opening of €-caprolactone with dimethylamine gave a 
near quantitative yield of w-hydroxy-N,N-dimethylhexamide. 
This compound was converted to  the tosylate and then, by the Ga- 
briel synthesis, to  the corresponding 6-amino compound, which 
was acylated with palmitoyl chloride and reduced to the desired 
diamine with lithium aluminum hydride. 


Fisher. 


The CMC decreased with increases in chain length from C ~ O  to 
Cl6 as expected (Table I). The CMC’s of C16 and CIS derivatives 
with the same substituents were similar (compare V and X and 
VIII and XII). 


Increasinn the N-N semration on the DalmitovI series (V. VIII. 
and IX) gave a consistent increase in CMk. Thisfinding is in con- 
trast to that with the stearoyl series (X, XI, and XII) which does 
not vary consistently. While this series does not contain a suffi- 
cient number of compounds to make definite conclusions on the 
effect of N-N separation, it appears that the CMC’s vary in the 
order n = 2 < n = 4 < n = 3 < n = 6. This order perhaps reflects 
the ability of the compounds to form the hydrophilic shell of the 
micelle. In the case of the hexamethylene derivative, the ”-nitro- 
gen must be in the center of the micelle or the hydrophobic hexa- 
methylene chain must be on the surface of the micelle. Both of 
these possibilities appear to be unfavorable because they require a 
hydrophilic group in a lipoid region or a lipophilic group in an 
aqueous region. 


Perhaps the most unexpected aspect of the data in Table I is the 
fact that the palmitamide derivative, VI, and the corresponding di- 
amine, V, have essentially the same CMC. It is surprising that the 
second ionium ion in V does not have a more significant effect on 
the CMC. Substitution of the 2-hydroxyethyl substituent a t  R2 re- 
sulted in a slight (20-25%) decrease in the CMC. 


In comparing the CMC’s of dimethyl-substituted, bis(2-hydrox- 
yethy1)-substituted, and unsubstituted octadecylpropylenediam- 
ines (XI, XIII, and XV, respectively), the CMC increases as the 
N-substituent becomes more lipophilic. This order of increasing 
CMC is reasonable because increasing the polarity of the onium 
head and decreasing its steric bulk should make the formation of 
the hydrophilic shell of the micelle more favorable. In comparing 
the derivatives where R2 is either H or CzHlOH (i.e., V and VII 
and XI11 and XIV), the more lipophilic hydroxyethyl substituent 
decreases the CMC. That is, increasing the lipophilicity of the in- 
ternal amine makes the amine behave as if it has a longer alkyl 
chain. 
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Biochemorphology of Cyclobutanecarbonylureas 


K. A. ZIRVIx, M. S. DAR, and T. FAKOUHI 


Abstract Ten urea derivatives of cyclobutanecarboxylic acid 
were synthesized and examined for general CNS depressant prop- 
erties, barbiturate potentiation, and myorelaxant, antitremorine, 
and anticonvulsant potencies. Although water solubility plays an 
important role in the activity of these compounds, other factors 
also appear to  be involved. l-Cyclobutanecarbonyl-3,3-dimethyl- 
urea appears to be the most active CNS depressant, whereas l-cy- 
clobutanecarbonyl-3-(a-naphthyl)thiourea is the most active bar- 
biturate potentiator. l-CyclobutanecarbonyI-3,3-dimethylurea, 1- 
cyclobutanecarbonyl-3-phenylurea, and l-cyclobutanecarbonyl-3- 
(2,6-xylyl)urea appear to be the most active myorelaxants, while 
l-cyclobutanecarbonyl-3-propylurea, l-cyclobutanecarbony1-3- 
tert- butylurea, l-cyclobutanecarbonyl-3-allylurea, and l-cyclobu- 
tanecarbonyl-3-phenylurea apparently are the most active against 
pentylenetetrazol-induced convulsions. l-Cyclobutanecarbonyl-3- 
tert-butylurea, l-cyclobutanecarbonyl-3,3-dimethylurea, and 1- 
cyclobutanecarbonyl-3-phenylurea are also slightly active tremo- 
rine antagonists. 


Keyphrases Cyclobutanecarbonylureas-synthesis, CNS activi- 
ty, correlated with molecular structure and aqueous solubil- 
ity CNS activity-synthesis and screening of cyclobutanecar- 
bonylureas, biological activity correlated with molecular structure 
and aqueous solubility 


In continuing research on the synthesis of new de- 
rivatives of certain cyclobutanecarboxylic acids (1-6) 
with central nervous system (CNS) depressant activi- 
ty, 10 urea derivatives of cyclobutanecarboxylic acid 
were prepared by interaction of cyclobutanecarbonyl 
chloride with the corresponding ureas and pharmaco- 
logical data were compiled. The compounds were 
tested for general CNS depressant properties, barbi- 
turate potentiation, and myorelaxant, antitremorine, 
and anticonvulsant potencies. Furthermore, the bio- 
logical activity of the compounds was correlated with 
molecular structure and aqueous solubility. 


EXPERIMENTAL 


The compounds were prepared by conventional routes involving 
acylation of a urea with cyclobutanecarbonyl chloride in either 
pyridine or dimethylformamide (3) (Table I). 


White Swiss, Charles River strain mice were used once in these 
studies. They were previously untreated with any drug and were 
permitted to feed ad libitum. 


Bioassay for  Sedative and Hypnotic Properties-The de- 
pressant activity of the compounds was determined by observing 
their effects on the spontaneous activity and righting reflex of vir- 
gin female mice weighing 20-25 g. The drugs were given orally ei- 
ther as a solution or a suspension in 0.2-0.4 ml of 10% gum acacia, 
using a blunted and bent 18-gauge hypodermic needle feeding 
tube. A reduction in spontaneous activity was subjectively graded 
and compared with that of the control animals given the drug vehi- 
cle only. 


The effect of the test drug was described in the following terms: 
when 100% of the animals equaled the control animals in sponta- 
neous activity, the effect was considered as nil. When 50% or more 
of the test population showed a slight decrease in activity, the ef- 
fect was considered slight. When 50% or more of the test popula- 
tion showed an intermediate decrease, the effect was considered 
intermediate. When 50% or more of the test animals showed a loss 
of righting reflex, the loss of spontaneous activity was considered 
marked. For each dose, five control and five test mice were used. 


Barbiturate Potentiation-Female mice, 20-30 g, were used, 
and the test substances were administered orally as in the previous 
experiment. Pentobarbital sodium (50 mg/kg) was administered 30 
min after the test drug. For each test and each control experiment, 
five mice were used. Generally, all animals lost the righting reflex 
within 10 rnin after pentobarbital injection. The animals were 
placed on their backs until spontaneous righting occurred. They 
were again placed on their backs until righting was effected within 
5 sec, a t  which time the animals were judged to have regained the 
righting reflex. The measure of potentiation used was the ratio 
(drug + barbiturahWp he)/(barbiturated,, he + drugdeep he). 


Myorelaxant Activity-Male mice, 2622 g, were used. The 
test compounds were given orally as in the prior experiments, and 
strychnine nitrate (1.6 mg/kg ip) in distilled water was adminis- 
tered 30 min after the test substance. The strychnine dosage was 
100% lethal in controls which died within 10-12 min. The ability of 
a drug to protect against strychnine-induced lethality was assessed 
by survival of the animals after 30 rnin and 24 hr. Survival for 30 
rnin was judged as partial protection; survival for 24 hr was judged 
as complete protection. 


Pentylenetetrazol Antagonism-Male mice, 20-25 g, were 
used. The test compounds were given orally as before, and pentyl- 
enetetrazol (100 mg/kg) in a 0.25% methylcellulose sterile vehicIe 
was injected subcutaneously 30 min after the test compound. The 
dose was convulsive to 100% within 30 min and 99% lethal in the 
control animals. Drug-treated animals were observed individually 
for complete protection in the 30 min following injection of 
pentylenetetrazol. For each drug and each control, five mice were 
used. 


Antitremorine Activity-Male mice, 20-30 g, were used. The 
test compounds were administered orally as before and at a dose of 
lo00 mg/kg. Tremorine (20 mgkg ip) in a 0.25% methylcellulose 
sterile vehicle was given 30 min after the test substance. In con- 
trols, this dose produced centrally mediated tremors plus signs of 
parasympathetic stimulation including salivation, lacrimation, di- 
arrhea, and urination. Subjective grading was used to establish the 
degree of protection against tremorine. 


To judge protection, animals were suspended by the tail. When 
the tremor was the same as for the controls, protection was rated 
as nil. For a slight reduction in tremor intensity, the degree of pro- 
tection was judged slight; for a slight tremor, protection was mod- 
erate, no tremor was rated as complete protection. For each drug 
and each control, five mice were used. 


RESULTS AND DISCUSSION 


To elucidate the biochemorphology of the cyclobutanecarbon- 
ylureas, the compounds in Table I1 were arranged according to 
their structural and physicochemical properties. When tested for 
general depressant activity, it was observed that the straight chain 
derivatives, Compounds 1-4, although insoluble in water, showed 
slight CNS depressant activity. Furthermore, l-cyclobutanecar- 
bonyl-3,3-dimethylurea, Compound 5, in contrast to l-cyclobu- 
tanecarbonyl-3-methylurea, Compound 1, was highly water soluble 
and highly active in that long-term loss of the righting reflex was 
observed. This finding suggested that water solubility plays an im- 
portant role in the activity of these compounds. 


Introduction of a double bond into the aliphatic chain of l-cy- 
clobutanecarbonyl-3-propylurea, Compound 3, gave l-cyclobu- 
tanecarbonyl-3-allylurea, Compound 6, which was identical to the 
parent compound in water solubility and activity. However, the al- 
lylthiourea derivative, although insoluble in water, was more active 
than the allylurea derivative. It caused intermediate loss of spon- 
taneous motor activity. Similarly, the a-naphthylthiourea deriva- 
tive, although insoluble in water, produced marked reduction in 
spontaneous motor activity, whereas the other two aromatic deriv- 
atives, Compounds 8 and 9, were insoluble in water and inactive as 
CNS depressants. The data suggest that, although water solubility 
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Table I-Cyclobutanecarbonylureas 


Com- Recrystal- Analysis, ~ % 
pound Yield, Melting. lization Molecular 


Number Compound Name % Point Solvent" Formula Calc. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


1-C yclobutanecarbonyl- 


1-C yclobutanecarbonyl- 


l-Cyclobutanecarbony1-3- 


1-C yclobutanecarbonyl- 


1-C yclobutanecarbonyl- 


1-C yclobutanecarbonyl- 


1-Cyclobutanecarbonyl- 


1-C yclobutanecarbonyl- 


l-Cyclobutanecarbony1-3- 


1-Cyclobutanecarbonyl- 


3-methylurea 


3-ethylurea 


propylurea 


3-tert-butylurea 


3,3-dimethylurea 


3-allylurea 


3-ally1 thiourea 


3-phenylurea 


(2,6-xyly1)urea 


3- (a-naphthyl) thiourea 


80 


45 


70 


75 


35 


60 


80 


75 


80 


85 


155-158" 


110" 


86-88 O 


137-1 39 O 


180" 


82 O 


50 O 


145" 


180-182 O 


165" 


P /MC 


A 


W/A 


W/A 


P/MC 


P 


P 


P/MC 


P/MC 


A/M 


C 53.84 
H 7.69 
N 17.94 
N 16.49 


C 58.69 
H 8 .69  
N 15.21 
C 60.60 
H 9.09 
N 14.14 
N 16.47 


N 15.38 


C 54.54 
H 7.07 
N 14.14 
C 66.05 
H 6.42 
N 12.84 
C 68.29 
H 7.23 
N 11.38 
C 67.60 
H 5.63 
N 9.85 


c 53.49 
H 7.87 
N 18.01 
N 16.47 


C 58.75 
H 8.90 
N 15.13 
C 60.62 
H 9.17 
N 14.14 
N 17.01 


N 15.34 


c 54.44 
H -?:is 
N 13.92 
C 66.35 
H 6 .53  
N 13.00 
C 68.28 
H 7.46 
N 11.33 
C 67.49 
H 5.93 
N 9.58 


Uncorrected. b A = acetone. MC = methylene chloride, M = methanol, P = petroleum ether, and W = water. 


plays an important role in the activity of these compounds, other 
factors also play a part as activity determinants. 


To test the previously reported phenomenon (3) that the locus 
for barbiturate potentiation appeared to be functionally different 
from the sites involved in the directly measured depressant effect, 
a comparison was made of the barbiturate potentiation and gener- 
al depressant effect of these compounds. It was presumed that if 
there were two functionally different loci for these activities, it 
should be possible to observe three different modes of CNS action, 
i.e., CNS depression only (Category A), potentiation only (Cate- 
gory B), and both CNS depression and potentiation (Category C). 


When analyzed for pentobarbital potentiation activity at a dose 
of 500 mg/kg, a sleep prolongation factor, R (Table II), was used as 
the criterion for effect. For compounds not causing loss of the 
righting reflex, R is a measure of true potentiation and becomes 
significant when greater than 1.4. As apparent from Table 11, most 
compounds with hypnotic and sedative activity also prolonged 
pentobarbital sleeping time significantly and thus appear to 
belong to Category C. However, Compounds 1 and 2, active as hyp- 
notics and sedatives, were found to be inactive as potentiators and 
belong to Category A. On the other hand, Compounds 8 and 9, 
found to be inactive during gross screening, potentiated the sleep- 


Table 11-Biological Data for Cyclobutanecarbonylureas<l 


Rar- 


Com- 
pound 


Number 


bS~&~te '  CNS Strychnine Lethality 
Po- Activity" Test' Pentylene- 


te trazol Gross" tent iation, (C ate- 
Compound Name Effects R gory) Partial Complete Test' 


1 l-Cyclobutanecarbony1-3- S 1 .4  A 3/5 1,/5 0 '5 


2 1-C yclo butanecarbonyl-3- S 0.9  A 3/5 3/5 1 f'5 


3 l-Cyclobutanecarbony1-3- S 1 . 6  C 3/5 1/5 515 


methylurea 


ethylurea 


propylurea 


tert- butylurea 


dimethylurea 


allylurea 


allylthiourea 


phenylurea 


(2,6-xylyl)urea 


(a-naphthyl) thiourea 


4 l-Cyclobutanecarbony1-3- S 3 . 5  C 5/5 1/5 515 


5 1-C yclobutanecarbonyl-3,3- M 0 1 . 9  C 5/5 5/5 0/5 


6 l-Cyclobutanecarbony1-3- S 1 . 8  C 315 115 2/5 


7 l-Cyclobutanecarbony1-3- I 1 . 5  C 5/5 115 5/5 


8 1-Cyclo butanecarbonyl-3- N 4 .1  B 5/5 5 /5 5/5 


9 l-Cyclobutanecarbony1-3- N 1 .a B 5/5 5/5 315 


10 l-Cyclobutanecarbony1-3- M 5 . 2  C 5/5 2/5 0 /5 


" In each Lest the dose used was 1000 mg/kg PO except where indicated. h M, I. S. and N represent marked, intermediate, slight, and no reduction in the spon- 
taneous motor activity, respectively. Pentoharhital sodium given intraparitoneally at a dose of 50 mg/kg; R is the ratio (drug + barbiturate*hp ttmt,)/ 


(drugsleep tim,. + barbituratexierp t ime) ;  the drugs were given orally at  a dose of 500 rng/kg. A = CNS depressant ability only, B = barbiturate potentiation 
only, and C = both CNS depressant and barbiturate potentiation ability. Strychnine nitrate, 1.6 mg/kg ip. This dose is 100% lethal. The mice die within 10- 
12 min. Partial = animals protected longer than 30 min from death/animals tested. Complete = animals completely protected from death/animals tested. 
f Pentylenetetrazol, 100 mg/kg sc; animals protected/animals tested. 0 Dose of 500 mg/kg po. 
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ing time significantly and can be associated with Category B. With 
Compound 8 the potentiation was extraordinary; it potentiated the 
sleeping time four times. 


Moreover, during gross screening, Compound 5 appeared to be 
the most active CNS depressant. However, in the pentobarbital 
potentiation analysis, Compounds 4, 8, and 10 seemed to be more 
active than 5; of these, Compound 10 was the most active. It pro- 
longed the sleeping time about three times more than l-cyclobu- 
tanecarbonyl-3,3-dimethylurea. These observations lend further 
support to the hypothesis that two mechanistically separate modes 
of action exist for these compounds: one for barbiturate potentia- 
tion and the other for depressant ability. However, the data are 
not sufficient to allow a definite conclusion regarding the mecha- 
nism of barbiturate potentiation. The possibility that the com- 
pounds potentiate pentobarbital sleeping time uia the inhibition of 
the liver microsomal enzymatic system cannot be ruled out. 


Myorelaxant activity of the meprobamate type is conveniently 
studied by ascertaining whether a compound antagonizes strych- 
nine lethality (7-9). In the present series of 10 compounds, all 
compounds showed myorelaxant activity; in the gross screening 
and barbiturate potentiation test, only eight were active. This 
finding suggests that the compounds in question are predominant- 
ly myorelaxants and that hypnotic and sedative activity is a secon- 
dary effect. Furthermore, these compounds can be classified into 
two categories. Some are only myorelaxant (Compounds 8 and 9) 
and belong to a class of compounds exemplified by mephenesin. 
Others show slight depressant effects along with myorelaxant ac- 
tivity (Compounds 1-7 and 10) and belong to a class of compounds 
exemplified by meprobamate. A t  a dose of 1000 mg/kg PO, Com- 
pounds 5,8, and 9 protected 100% and Compound 2 protected 60% 
of the test animals completely from strychnine lethality. Com- 
pounds 1,3,4,6,7, and 10 protected only 20-4096 of the population 
tested. However, as far as partial protection from strychnine letha- 
lity is concerned, Compounds 4, 5, and 7-10 protected 100% of the 
test animals; Compounds 1-3 and 6 protected 60% of the popula- 
tion tested. 


All of these compounds were also tested for pentylenetetrazol 
antagonism (10). A t  a dose of 1000 mg/kg PO, Compounds 3, 4, 7, 
and 8 protected 100% and Compounds 2, 6, and 9 protected 20- 
60% of the test animals completely against pentylenetetrazol-in- 
duced convulsions. Compounds 1, 5, and 10 did not show antago- 
nism to pentylenetetrazol. 


All compounds were tested for an ability to antagonize tremo- 
rine-induced, peripheral parasympathetic stimulation and central- 
ly originating parkinsonian-like tremors (11,12). At  a dose of 1000 


mg/kg PO, the antitremor activity was limited to Compounds 1, 4, 
5,8,  and 10. Compounds 1 and 10 protected 20-80% of the test ani- 
mals moderately, but none was completely protected. However, 
Compounds 4, 5, and 8 protected 2040% of the test animals com- 
pletely from tremors. These compounds were classified as slightly 
active since a highly active compound should be able to protect 
100% of the test animals completely at  a dose much lower than 
used in this test. Standard agents such as atropine, scopolamine, or 
trihexyphenidyl block tremorine effects in doses of 5-10 mg/kg in 
mice. The compounds showed no protection against tremorine- 
induced, peripheral parasympathetic stimulation. 
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Fluorescence Characteristics of Benzodiazepines in 
Strong Acid 


DALE D. MANESS" and GERALD J. YAKATAN 


Abstract The fluorescence characteristics of 10 subsdtuted 
l&benzodiazepines in strong acid solution were investigated. The 
compounds that fluoresce in the Hammett acidity region possess, 
or can form by enolization, an azomethine linkage in the 1,2- or 
4,5-position. ~ 1 1  benzodiazepines that fluoresce in strong acid show 
increases in flnorescence intensity with corresponding blue shifts 
as acidity increases. Two pKa's in the Hammett acidity region 
were observed for both the fluorometric and absorptiometric titra- 


tions of the benzodiazepines possessing a carbonyl in the 2-posi- 
tion. No evidence of excited state prototropism was observed. 


Keyphrases Benzodiazepines-fluorescence characteristics in 
strong acid Fluorescence characteristics-10 substituted 1,4- 
benzodiazepines in strong acid, fluorometric and absorptiometric 
titrations 


Of the spectroscopic methods utilized routinely in 
pharmaceutical analysis, fluorescence techniques are 
by far the most sensitive. Fluorescence methods are 


often discarded as analytical methods because many 
compounds do not appear to possess active fluores- 
cence properties and those that do often provide as- 
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N O T E S  


Structure of Lupeol and Its 19a-H-Isomer 


J. E. GEARIENX, L. BAUER, M. KLEIN, andB. LEVINE 


Abstract 0 The silver-ion-assisted dehydrochlorination rear- 
rangement of 19a-chloro-18a-oleanane-3j3-ol (lupeol hydrochlo- 
ride) was reinvestigated. The alkene so obtained was ozonized to 
yield an epimeric mixture (at C-19) of two methyl ketones. The 
mechanism of the rearrangement of the chloro derivative to lupeol 
and its 19a-H-isomer is reinterpreted in the light of these new 
findings. 


Keyphrases Lupeol and 19a-H-isomer-structure determina- 
tion 19a-Chloro-18a-oleanane-3@-ol (lupeol hydrochloride)- 
structure determination 


The isolation of 19a-H-lupeol (Ia) from the fruit of 
the Osage orange (Maclura pornifera) (1) prompted 
a reexamination of the method exployed by Halsall et 
al. (2) in assigning the configuration of lupeol (IIa) 
at C-19. These investigators based their conclusion 
on the dehydrochlorination of 19a-chloro-18a-olean- 
ene-38-01 (IIIa, lupeol hydrochloride) to furnish lu- 
peol. This reaction involved the elimination of hydro- 
gen chloride with the simultaneous ring contraction 
from a six- to a five-membered ring. The conclusions 
reached by Halsall et al. were predicated on the as- 
sumption that a set of stereospecific reactions was in- 
volved in the overall transformation. 


DISCUSSION 


Halsall et al. set out to determine the configuration at  C-19 of 
lupeol in the following manner. First, lupeol was treated with etha- 
nolic hydrogen chloride solution at room temperature to produce 
IIIa. They determined that the chloro group in this new product is 
in the equatorial position and that H-19 is then axial (2). Since the 
product of their dehydrohalogenation was not the alkene germani- 
col but rather lupeol, they reasoned that the normal type Ez trans- 
elimination of hydrogen chloride was not possible. 


Instead, Halsall et al. (2) suggested a kind of stereospecific dis- 
placement of the chloro group by a neighboring methylene group, 
which would be equivalent to a stereospecific ring contraction, to 
lead to an isopropyl carbonium ion. This is reproduced, as they 
conceived it  in Scheme I. This overall conversion is analogous to a 
number of similar ring contractions of ring A in various triterpenes 
as, for example, the reaction of the methanesulfonate of cholesta- 
no1 to give 3j3-isopropyl derivatives (3). Since Halsall et al. (2) iso- 
lated only one isomer from IIIa and confirmed it to be lupeol, they 
used the mechanism in their Scheme I as evidence for assigning 
the configuration of the proton at C-19 in IIa'. 


In repeating the work of Halsall et al., 110 was converted first to 
IIIa. Dehydrohalogenation and subsequent acetylation, using their 
procedure, gave a mixture which consisted of Ib and IIb. The 


While this work was in pro ress, the configuration at C-19 was settled by 
the total synthesis of lupeol [E. Stork, S. Uyeo, T. Wakamatsu, P. Grieco, 
and J. Labovits, J.  Amer. Chem. Soc., 93, 4945(1971) I t s  stereochemistry 
was important in assignment of related triterpenoids. kee A. S. Samson and 
R. Stevenson, Org. Prep. Proced., 5, 59(1973); and E. Klinotova, N. Hovor- 
kova, J. Klinot, and A. Vystreil, Collect. Czech. Chem. Commun.. 38, 
1179(1973). 
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prime data used by Halsall et al. to identify IIa were the melting 
point and optical rotation values. In this study, PMR spectroscopy 
was used to examine the product further. 


The C-19 methine protons in this mixture were obscured by the 
envelope of PMR signals due to the other methylene and methine 
protons. To analyze the mixture more meaningfully, the structure 
would have to be modified to shift H-19 downfield [from 
(CH&Si]. Such an anisotropic shift was realized when Ib and IIb 
were converted to the corresponding ketones, V and IV, respective- 
ly. To accomplish this, the reaction mixture from the rearrange- 
ment was treated with ozone. A mixture of ketones, 3j3-acetoxy- 
30-norlupan-20-one (IV) and its a-H, at C-19, isomer (V) was oh- 
tained. 


Extreme care was exercised to avoid strong base during the 
work-up to prevent epimerization. It was then possible to examine 
the PMR spectrum for the presence of these isomers. The PMR 
spectrum of the product of the ozonolysis indicated that a mixture 
contained the epimeric ketones at (3-19 in the ratio of approxi- 
mately 1:l. Two quartets were observed in this PMR spectrum: b 
3.71 (J = 4.20 Hz) and 4.10 (J  = 4.80 Hz). These quartets and the 
rest of the spectrum paralleled the chemical shifts and coupling 
constants reported previously for IV and V, respectively (1). 


It appears that the rearrangement of 1110 yields lupeol and its 
190-epimer. A synchronous process could be accommodated if ring 
E in IIIa is more in a skewed conformation than was assumed by 
Halsall et al. (2). The bulky substituents surrounding the chloro 
group might force considerable distortion of ring E and, in effect, 
force the ring to be more planar. Djerassi et al. (4) noted that some 
compounds that contain a gem- dimethyl grouping, as at C-20 in 
111, in the vicinity of the chromophore showed inverted rotatory 
dispersion curves, attributed to conformational distortion of the 
system. Thus, the attacking methylene carbon could displace the 
chloro group either from above or below the plane of that ring. 


An alternative explanation is offered. Abstraction of chloride ion 
by silver ion usually creates an incipient carbonium ion, which 


IIIa: R, = H 
IIIk R, = COCH,, 







(-AgCI) 


CH, 


Scheme I-E 2 trans-elimination of 19a-chloro-18a-oleanane- 
38-01 when ring E is represented in the chair conformation 


H 
Scheme II-Ring contraction via carbonium ion at  C-19 


then would be expected to produce two plausible rearrangement 
products (Scheme 11). Loss of a proton from the carbonium ion 
would then furnish IIa (from path a )  and IIb (from path b). 


EXPERIMENTALz 


Materials-The silica gel powder3 used was 60-200 mesh in 
size. 


Chromatographic solvents were distilled prior to use. The petro- 
leum ether used for chromatography, as well as in the extraction 
procedure, had a boiling range of 40-60". 


Preparation of Chromatographic Columns-The column4 
used was 500 X 50 mm. The chromatographic columns were pre- 
pared by the slurry method. Benzene and silica gel powder were 
mixed into a slurry, and the slurry was then poured into the col- 
umn and allowed to settle. Petroleum ether was then passed 
through the column until all of the benzene was removed. 


Extraction of Lupeol (1a)-Dry lupini beans5 (the seed of Lu- 
pinus spp.) (500 g) were soaked overnight in water. On the fol- 
lowing day the testae from the seeds were removed and placed in 
an oven for 12 hr a t  100". The dried testae were then ground in an 
electric blender until a fine powder was obtained. This procedure 


Melting points were determined on a Thomas-Hoover capillary melting- 
point apparatus and are uncorrected. Elemental analyses for carbon, hydro- 
gen, and chlorine were performed by Micro-Tech Laboratories, Inc., Skokie, 
111. The NMR spectrum was determined using a Bruker, model HFX05,W- 
MHz spectrometer and was recorded downfield from tetramethylsilane as 
an internal reference. The solvent used was deuterated chloroform. IR spec- 
tra were obtained with a Perkin-Elmer model 700 recording spectrophotom- 
eter. Nuiol mulls were used for all samples run. 0zone.was generated by 
passing oxygen through a Welsbach Corp. model T23 ozonizer. 


3 J. T. Baker Chemical Co., Phillipsburg, N.J. ' Konteq Vineland. N.J. 
Purchased from Conti-Di-Savoia Eurbpean Specialties, Chicago! Ill. 


was repeated 25 .times, until a total of 12.5 kg of lupini beans was 
used. From this amount, 2000 g of dried testa powder was collect- 
ed. 


The dried testa powder (lo00 g) was extracted with petroleum 
ether for 72 hr in a soxhlet extraction apparatus. The defatted 
powdered material was then replaced with the remaining 1OOO g, 
and the extraction process was repeated. 


Evaporation of the extract yielded a light-yellow solid (14.0 8). 
The solid (1.0 g) was dissolved in a minimum amount of chloro- 


form. This solution was mixed with dry silica gel powder (2.0 g) 
and placed in an oven for 1 2  hr a t  100". The resulting mixture was 
then layered at the top of a packed chromatographic column. 


The column was eluted with: (a) petroleum ether (1000 ml), (b) 
petroleum ether-benzene (4:1, lo00 ml), (c) petroleum ether-ben- 
zene (2:1,500 ml), and (d) petroleum ether-benzene (1:l. 500 ml). 
The column was then eluted exhaustively with benzene. 


Evaporation of the benzene fraction yielded a white powder, 
which was recrystallized twice from acetone and once from 95% 
ethanol to yield lupeol as white needles, mp 210-212O [lit. (5) mp 
211-212'1. Lupeol (9.0 g) was obtained in 0.45% yield based on the 
dry lupini bean. 


The IR spectrum was identical with that of an authentic sample. 
The melting point was undepressed upon admixture of an authen- 
tic sample. 
19a-Chloro-l8~-oleanane-3~-ol (I&)-Dry ethanol (800 ml) 


was saturated with hydrogen chloride gas a t  Oo and gradually 
added, with periodic cooling, to a solution of lupeol (9.0 g, 0.021 
mole) in dry ethanol (500 ml). The mixture was allowed to stand 
for 5 days at  20' and then diluted with water (700 ml), and extrac- 
tion with chloroform yielded the product. Two recrystallizations 
from 95% ethanol yielded needles (3.80 g), mp 206-208". 


Further purification was effected by chromatographing the 
product (0.76 g) on a silica gel column, prepared in benzene-petro- 
leum ether (1:4). Elution with a mixture of benzene-ether (l:l,  500 
ml) yielded a fraction, which was recrystallized twice from 95% 
ethanol to give needles (0.58 9). mp 210-212" [lit. (2) mp 211- 
212"l. This chromatographic procedure was repeated five times, 
and 19a-chloro-18a-oleanane-3~-ol (2.90 g, 0.0063 mole) was ob- 
tained in a 32.2% yield. The IR spectrum indicated the loss of the 
characteristic vinylidene bands at 3100,1650, and 880 cm-I. 


Anal.-Calc. for C30H51C10 C, 77.84; H, 11.03; C1, 7.68. Found: 
C, 77.76; H, 10.99; C1,7.75. 


Dehydrochlorination and Acetylation of IIIa-19a-Chloro- 
18a-oleanane-38-01 (2.90 g, 0.0063 mole) was dissolved in hot 95% 
ethanol (300 ml) and heated at  reflux for 20 hr with silver acetate 
(4.0 9). During this time the suspended solid darkened and a silver 
mirror formed on the surface of the flask. The mixture was then 
diluted with water (500 ml) and extracted with ether. Ether was 
evaporated, and the remaining solid was refluxed for 2 hr with ace- 
tic anhydride (35 ml). 


This solution was then poured into water (250 ml), and the 
aqueous solution was extracted with ether. After removal of ether, 
the residue was recrystallized twice from 95% ethanol to yield 
white needles, mp 206-208O [lit. (2) mp 215-216' for lupenyl ace- 
tate, lit. (1) mp 210-211.5' for 190-H-lupenyl acetate]. The prod- 
uct (2.10 g, 0.0043 mole) was obtained in a 72.4% yield. 


The IR spectrum indicated the presence of a vinylidene group 
by the presence of peaks a t  3100, 1650, and 880 cm-l. The broad 
0-H stretching band in the starting alcohol had disappeared, 
with the appearance of a C-0 stretching band at  1240 cm-', and 
a C=O stretching band appeared as a sharp peak at 1750 cm-'. 


Anal.-Calc. for C32H5202: C, 82.02; H, 11.11. Found: C, 81.97; 
H, 11.19. 


Ozonolysis of Dehydrochlorinated and Acetylated Products 
(IV and V) from IIIa-A solution of lupenyl acetate and/or its 
epimer (2.10 g, 0.0043 mole) in chloroform (40 ml) was treated at  
10' with a slow stream of ozone for 1 hr. Completion of formation 
of the ozonide was ensured by inserting the outlet tube into a 5% 
potassium iodide solution. Immediate oxidation of the iodide indi- 
cated that the reaction was complete. 


The solvent was evaporated, leaving the ozonide as an oil. Water 
(200 ml) was added, and the mixture was heated for 1 hr and then 
steam distilled. To the distillate was added an alcoholic solution of 
2,4-dinitrophenylhydrazone. 


After the steam distillation, the aqueous phase was extracted 
with ether. Removal of ether furnished a product, which was re- 
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crystallized twice from aetone and then twice from 95% ethanol to 
yield white needles, mp 244-246’ [lit. (5) mp 260-262O for 29-nor- 
lupan-20-one-38-yl acetate [lit. (5) mp 249-251O for 29-nor-19a- 
H-lupan-20-one-3&yl acetate]. The product (0.57 g, 0.0012 mole) 
was obtained in a 27.0% yield. 


The IR spectrum indicated loss of the peaks corresponding to 
the vinylidene group at 3100, 1650, and 880 cm-l. Carbonyl ab- 
sorption, a t  1700 cm-’ was observed. 


Anal.-Cdc. for C31H~03: C, 79.15; H, 10.64. Found C, 79.01; 
H, 10.50. 
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Synthesis of Substituted Benzylidinohydrazines and 
Their Monoamine Oxidase Inhibitory and 
Anticonvulsant Properties 


SURENDRA S. PARMAR **x. A. K. GUPTA *. T. K. GUPTA *, and 
VIRGIL I. STENBERG * 


Abstract 0 Some N1- (4-acetamidobenzoyl)-N2- (substituted phe- 
nyl carboxy1ate)benzylidinohydrazines were synthesized, charac- 
terized, and evaluated for their ability to inhibit monoamine oxi- 
dase in vitro. All substituted benzylidinohydrazines inhibited 
monoamine oxidase activity of rat brain homogenates. These com- 
pounds possessed anticonvulsant activity, which was reflected by 
the protection afforded against pentylenetetrazol-induced convul- 
sions; they also potentiated pentobarbital-induced hypnosis in 
mice. Monoamine oxidase inhibitory effectiveness of these substi- 
tuted benzylidinohydrazines was unrelated to their anticonvulsant 
activity and their ability to potentiate pentobarbital-induced hyp- 
nosis. 


Keyphrases 0 Benzylidinohydrazines-synthesis, characteriza- 
tion, and in uitro inhibition of monoamine oxidase Structure- 
activity relationships-benzylidinohydrazines, anticonvulsant ac- 
tivity and inhibition of monoamine oxidase activity of rat brain 
homogenates 0 Monoamine oxidase inhibitors-synthesis of ben- 
zylidinohydrazines 0 Anticonvulsant activity-benzylidinohydra- 
zines 


Many hydrazine derivatives are monoamine oxi- 
dase inhibitors (1). Such enzyme inhibitors have been 
shown to possess anticonvulsant properties (2). Fur- 
thermore, psychotropic (3) and anticonvulsant (4) 
properties exhibited by benzylidine derivatives led to 
the synthesis of N1- (4-acetamidobenzoy1)-N2- (sub- 
stituted phenyl carboxy1ate)benzylidinohydrazines. 
The ability of these benzylidinohydrazines to inhibit 
monoamine oxidase activity of rat brain homogenates 
was investigated in an attempt to correlate enzyme 
inhibitory effectiveness with anticonvulsant activity 
and ability to potentiate pentobarbital-induced hyp- 
nosis. 


EXPERIMENTAL 


Chemistry-Ethyl 4-Aminobenzoate -Ethyl 4-aminobenzoate 
was prepared by the esterification of 4-aminobenzoic acid by the 
method reported earlier, mp 9l0 (5). 


Ethyl 4-Acetamidobenzoate --In a conical flask containing 
water, 18.3 ml of concentrated hydrochloric acid and 35 g of ethyl 
4-aminobenzoate (0.22 mole) were introduced with stirring. To this 
solution, 256 ml of distilled acetic anhydride was added. The reac- 
tion mixture was added to a solution of 33 g of sodium acetate in 
100 ml of water and stirred vigorously. On cooling, the solid that 
separated was filtered, washed, dried, and recrystallized from eth- 
anol, mp 117O. 


(4-Acetamidobenzoy1)hydrazine-A mixture of ethyl 4-aceta- 
midobenzoate (0.4 mole) and 0.4 mole of hydrazine hydrate (99- 
100%) in absolute ethanol was refluxed on a steam bath for 15 hr. 
Excess ethanol was distilled, and the hydrazine that separated on 
cooling was filtered and recrystallized from ethanol, mp 277O. 


N1-(4-Acetamidobenzoyl)- N2-substituted Benzylidinohydra- 
zines -A mixture of 4-acetamidobenzoylhydrazine (0.1 mole) and 
a suitable salicylaldehyde (0.1 mole) in ethanol with a few drops of 
acetic acid was refluxed on a steam bath for 4-5 hr. Excess ethanol 
was removed by distillation. The solid mass that separated was 
collected by filtration, washed with water, dried, and recrystallized 
from ethanol. These compounds were characterized by their sharp 
melting points and elemental analyses (Table I). 


N1-(4-Acetamidobenzoyl) -N2-(aryl-substituted Phenyl Car- 
bony1ate)benzylidinohydrazines -N’ - (4 - Acetamidobenzoy1)- 
N2- substituted benzylidinohydrazine (0.025 mole) in dry benzene 
(20 ml) was mixed with the appropriate benzoyl chloride, and the 
resulting mixture was refluxed on a steam bath for 5-6 hr. Excess 
benzene was removed by distillation, and the crude product that 
separated on cooling was filtered, washed first with sodium bicar- 
bonate and then with water, and recrystallized from ethanol. 
These substituted benzylidinohydrazines, characterized by their 
sharp melting points and elemental analyses, are recorded in Table 
11. 


Determination of Monoamine Oxidase Activity-Male rats 
weighing 150-200 g were killed by decapitation. Brains were quick- 
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BOOKS 


REVIEWS 


Assay of Vitamins in  Pharmaceut ical  Preparations. By MAN- 
ZUR-UL-HAQUE HASHMI. Wiley, New York, NY 10016,1973. 
512 pp. 24 X 16 cm. Price $32.00. 
This up-to-date (through 1971) compilation of methods will be 


of great benefit to anyone interested in the analysis of vitamins in 
pharmaceutical preparations. For the first time, all published 
methods are gathered into one volume with sufficient detail t o  
allow analysis of vitamin products by the method deemed most 
suitable for the preparation being analyzed. A sufficient number of 
references are given for each type of determination in the event the 
analyst desires further information. 


Each chapter deals with an individual vitamin with separate 
chapters for multivitamin preparations and for automated analy- 
sis. Critical evaluations of the methods are included together with 
brief discussions of the detail procedures. A separate chapter con- 
cerning the stability of vitamins in multivitamin preparations con- 
tains a very comprehensive bibliography on the subject. In all, the 
book covers 215 individual analytical methods for 18 different vi- 
tamins documented by more than 700 literature references, 44 fig- 
ures, and 15 tables. 


All USP XVIII methods for the analysis of vitamins have been 
included with appropriate references. Necessary modifications by 
different authors and critical opinion expressed in the literature 
about the USP procedures have been mentioned to inform readers 
about the latest developments. The British Pharmacopoeia and 
the National Formulary methods which differ from the USP pro- 
cedures are also described. 


This compilation of methods is recommended for all analysts in- 
terested in or involved with the analysis of vitamin preparations. 


Reviewed by C. T. Kenner 
Southern Methodist University 
Dallas, TX 75275 


also seems to suffer from the illusion that there is for most drugs a 
1:1 correspondence between blood levels and clinical effect. 


Sententiousness without substance characterizes W. A. Rits- 
chel’s next chapter on “Peroral Solid Dosage Forms with Pro- 
longed Action.” On page 48 he lays down the rule that “drugs hav- 
ing a biological half-life of 8 or more hours should not be used in 
sustained release preparations for peroral use,” apparently una- 
ware that drugs such as chlorpheniramine with a half-life triple his 
arbitrary limit require multiple daily doses to maintain therapeu- 
tic effectiveness. In the following chapter, Ritschel discusses “Par- 
enteral Prolonged Action Dosage Forms” in journeyman fashion. 


The succeeding two chapters on “Design of Topical Drug Pro- 
ducts: Pharmaceutics,” and “Biopharmaceutics” by Martin Katz 
and Boyd J. Poulsen, respectively, are companion pieces of the 
highest quality, very obviously written out of a wealth of experi- 
ence. Skin anatomy and physiology, preparation of dermatological 
bases, clinical testing, factors controlling drug diffusion, etc., are 
discussed with authoritative thoroughness. 


All you ever wanted to know about “The Design of Sunscreen 
Preparations’’ is covered in the next chapter by G. W. Van Ham 
and W. P. Herzog. For a bonus the authors even throw in a few 
paragraphs on insect repellents. 


That one percent of us are stone carriers we learn in the next 
chapter on “Litholytic Agents: Preventive and Curative Drugs for 
Nephrolithiasis” by G. Kallistratos. This chapter could have been 
strengthened with a bit of editing and reorganization of material. 


One can hardly imagine E. J. Ariens, the editor, after assembling 
these nine chapters resting in the belief he had completed the de- 
finitive text on drug design. The unwritten chapters testify, not to 
any lack of wisdom on the part of the editor, but on the tentative 
nature of the topic. 


Reviewed by S. S. Walkenstein 
Smith Kline and French Laboratories 
Philadelphia, PA 19101 


Drug Design, Volume IV. Edited by E .  J .  AFUENS. Academic, 
111 5th Ave., New York, NY 10003, 1973. 489 pp. 16 X 24 cm. 
Price $35.00. 
Those lured by the title into the hope that with this text on the 


drafting table they can proceed to design model compounds guar- 
anteed to become drugs of choice should first turn to page 290. 
Here, in this excellent chapter on “The Design of Biologically Ac- 
tive Nucleosides,” Alexander Bloch lists some two dozen parame- 
ters that would have to be known for each species in which the 
compound is intended for use “in order to proceed rationally” to 
design drugs, and warns that “even then we would probably have 
missed a variety of more complex parameters, and would still not 
be able to predict its (the drug’s) most sensitive site of action.” 
Bloch goes on, however, to demonstrate the versatility of the nu- 
cleosides, from the viewpoint of both structure and application. 


In the next chapter, appropriately the last, the patient is the vic- 
tim, the therapeutic aim is death, the undesirable side effect devel- 
opment of resistance to toxicity. Perverse as inclusion of this arti- 
cle on “The Design of Insecticidal Chlorohydrocarbon Deriva- 
tives,” by G. T. Brooks might seem, it nevertheless is an inter- 
esting addition to the text, including theoretical considerations, 
detailed structure-activity data, and modifications to counteract 
detoxification. 


Unfortunately, equal value cannot be claimed for the opening 
three chapters. The first, by Leslie Benet on “Biopharmaceutics as 
a Basis for the Design of Drug Products” elaborates the obvious. 
One can almost visualize the good professor wagging his finger as 
he patiently explains (page 4) that “quickly” means “rapidly.” He 


Synopsis of Endocrine Pharmacology. By J .  A. THOMAS and 
M. G. MAWHINNEY, University Park Press, Chamber of Com- 
merce Building, Baltimore, MD 21202, 1973. x + 225 pp. 16 X 23 
cm. Price $12.50. 
The authors indicate that this book was written “to present an 


overview of the relationship between hormones that are normal 
constituents of the body in some instances and that are therapeu- 
tic replacements or diagnostic tools in other conditions.” It is indi- 
cated in the book jacket that  the book is designed for use by “med- 
ical and pharmacy students, graduate students in pharmacology, 
physiology, biochemistry, reproductive biology and zoology, ani- 
mal husbandry, and veterinary medicine, and for all physicians, 
clinicians, biologists, and biochemists whose work requires a fast, 
concise review of the latest concepts of hormonal actions.” Writing 
a synopsis of such a broad topic for use by such a wide range of 
students and investigators with such a wide variety of backgrounds 
is an ambitious undertaking to say the least. 


The book contains 12 chapters relating to a diverse range of topics 
in endocrinology and endocrine pharmacology. Chapter 1 deals 
with the newly discovered hypothalamic-releasing factors and 
their potential therapeutic applications. Anterior and posterior pi- 
tuitary hormones are treated separately in Chapters 2 and 3. 
Chapter 4 deals with carrier molecules and other factors concerned 
with hormone transport. Thyroid agents are discussed in Chapter 
5 and parathyroid hormone in Chapter 6. Sex hormones (estro- 
gens, androgens, and progestational agents) are reviewed in Chap- 
ters 7-9. Chapter 10 is concerned with the adrenocortical steroids. 
Insulin, glucagon, and hypoglycemic agents are covered in Chapter 
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11 .  The final chapter deals with a wide variety of drugs which di- 
rectly or indirectly affect the endocrine system. 


In most instances, the coverage is quite superficial. This might 
be expected in view of the immense amount of material which has 
been condensed into a relatively small volume. The authors do not 
imply that they have intended to provide an in-depth treatment of 
the various aspects of endocrine pharmacology. Because of the 
concise nature of the presentation, the book may be difficult to fol- 
low unless the reader has a reasonable background in the basic as- 
pects of endocrinology and pharmacology. This problem is further 
compounded by the fact that the authors have chosen not to in- 
clude direct literature references. The only references which are 
cited are short lists of “Recommended Readings” which appear a t  
the end of each chapter. The absence of direct literature references 
is somewhat surprising in view of the observation that many fig- 
ures and tables in the book have been taken rather directly from 
scientific publications. 


The information presented in some chapters (hypothalamic-re- 
leasing factors) is quite up to date, whereas other chapters (anteri- 
or pituitary hormones and insulin) are somewhat less current. This 
book may serve as a fast reference. It does not, however, contain 
sufficient detail to provide in-depth insight into the area of endo- 
crine pharmacology. 


Reviewed by George N. Holcomb 
Ferris State College 
Big Rapids, M I  49307 


Introduction to Chemical Nomenclature. By R. S. CAHN. Hal- 
stead Press, 605 Third Ave., New York, NY 10016, 1974. 128 pp. 
13.7 X 21.5 cm. Price $6.95. 
This fourth edition has been completely revised and substantial- 


ly rewritten to include new rules for chemical nomenclature. The 
inorganic section incorporates the essential features of the new 
IUPAC recommendations for coordination compounds, ?r com- 
plexes, and boron compounds. The organic section has been ex- 
tended to aid the user in proceeding from principles to actual 
names. The book focuses, however, on the essentials of how names 
are formed rather than on formal rules. The book utilizes Ameri- 
can conventions, with differences in British conventions noted 
where appropriate. 


Staff Review 


NOTICES 


Methods of Biochemical Analysis, Vol. 21. Edited by DAVID 
GLICK. Wiley, 605 Third Ave., New York, NY 10016, 1973.572 
pp. Price $22.50. 


British National Formulary, 1974-76. The Pharmaceutical Press, 
Pharmaceutical Society of Great Britain, 17 Bloomsbury 
Square, London WC1, England, 1973.398 pp. 10.7 X 17 cm. 


Biosynthesis, Vol. 2. T. A. GEISSMAN, Senior Reporter. The 
Chemical Society, Burlington House, London, W1V OBN, En- 
gland, 1973.308 pp. 14 X 22 cm. 


Advances in the Biosciences 10. Edited by G. RASPE. Pergamon 
Press, Inc. Maxwell House, Fairview Park, Elmsford, NY 10523, 
1974. 331 pp. 15.2 X 21.2 cm. Price $25.00. 


Drug Treatment in Intestinal Helminthiases. By A. DAVIS. 
World Health Organization, 1211 Geneva 27, Switzerland, 1973. 
128 pp. 16 X 24 cm. Price $5.60. 


The Study of Enzyme Mechanisms. By E. ZEFFREN and P. L. 
HALL. Wiley, 605 Third Ave., New York, NY 10016, 1973. 284 
pp. 15.5 X 23 cm. Price $14.95. 


The Four Walls of Pharmacy, Professional Power with and for the 
People. H. M. BURLAGE and R. K. BURLAGE. Vantage Press, 
516 W. 34th St., New York, NY 10001, 1974. 116 pp. 21.5 X 14 
cm. Price $5.00. 


Bioauailability of Drugs: Principles and Problems. World Health 
Organization Technical Report Series, No. 536. World Health 
Organization, Geneva, Switzerland, 1974.17 pp. 16 X 24 cm. 


How Modern Medicines are Discovered. Edited by F. H. 
CLARKE. Futura Publishing Co., 295 Main St., Mount Kisco. 
NY 10549,1973.177 pp. 15.5 X 23.5 cm. Price $10.00. 


Advances in Biochemical Engineering. Edited by T. K. GHOSE, 
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C 0 &I M UNI C A TI 0 N S  


Nitrofurantoin Solubility in Aqueous 
Urea Solutions 


Keyphrases 0 Nitrofurantoin-solubility in aqueous urea solu- 
tions 0 Urea-solubility of nitrofurantoin in aqueous solutions 
0 Solubility-nitrofurantoin in aqueous urea solutions 


To the Editor: 
Nitrofurantoin, 1-[ (5-nitrofurfurylidene)amino] - 


hydantoin, is an antibacterial agent used to treat uri- 
nary tract infections. The drug is a weak acid (pKa 
7.2) possessing relatively low aqueous solubility char- 
acteristics. Solubilities in water at 37O have been re- 
ported to be 190 mghiter in pH 7 distilled water (1) 
and 125 mghiter in pH 4.8 water (2). Bates and co- 
workers’ (3) reported the solubilities of nitrofuran- 
toin in pH 1.12 and 7.2 aqueous systems to be 154 
and 379 mghiter, respectively. 


Much higher solubilities, however, have been re- 
ported for nitrofurantoin in urine. Nitrofurantoin 
concentrations of 250-500 mghiter were found after 
administering 200 mg of drug every 6 hr to an 80-kg 
patient (4) and urine concentrations of 200-400 mg/ 
liter were reported (5). Maximum urine nitrofuran- 
toin concentrations from 158 to 372 mgfiiter were re- 
ported in nine normal individuals, each of whom re- 
ceived a 100-mg tablet every 4 hr (6). 


Although urine concentrations that represent satu- 
ration or supersaturation are routinely attained after 
normal usage, there are no reported incidents of crys- 
talluria associated with nitrofurantoin therapy. 
These facts suggest that the normal urine contents 
might have some effect on the solubility of nitrofu- 
rantoin in urine. We wish to report our preliminary 
findings concerning the effect of urea on the aqueous 
solubility of nitrofurantoin. 


An excess amount of nitrofurantoin (approximate- 
ly 50 mg) was added to 40 ml of the appropriate test 
solution (0.0-5% urea in distilled water) in a screw- 
capped bottle of 45-ml capacity. The tightly closed 
container was placed in a constant-temperature 
water bath at 30 or 37 f 0.1’ and rotated2 for at  least 
24 hr. Preliminary experiments indicated that equi- 
librium was established within 12-18 hr. After equi- 
librium, the test solutions were subject to filtration3 
(0.45-pm pore size), and the filtrate was diluted with 
deionized distilled water to make a solution of proper 
concentration (40-100 mghiter) for spectrophoto- 
metric assay using the method of Conklin and Holli- 
field (7). At least five experimental runs were made 
for each individual test medium. 


Figure 1 shows the effect of urea on the solubility 


T. R. Bates, School of Pharmacy, State University of New Yolk at Buf- 


Menhold rotating apparatus, Lester, Pa. 
Millipore. 


falo, personal communication. 


of nitrofurantoin at  two temperatures. Th4 addition 
of urea to aqueous media had the paradoxical effect 
of first promoting increased nitrofurantoin solubility 
up to a maximum concentration level and then caus- 
ing decreased solubility at higher urea concentra- 
tions. The change was abrupt, and nitrofurantoin sol- 
ubility decreased to levels considerably lower than 
nitrofurantoin solubility in plain distilled water. The 
nitrofurantoin solubility was dependent on tempera- 
ture, and the amount of urea needed to bring about 
maximum nitrofurantoin solubility was greater at  37O 
(2.25%) than a t  30’ (2.0%). The findings that urea 
first increased the aqueous solubility of nitrofuran- 
toin might explain in part the elevated solubilities of 
this drug in urine (5,6). This explanation is support- 
ed by the fact that concentrations of urea in human 
urine are normally in the neighborhood of 2% (8,9). 


The effect of urea on the aqueous solubility of 
organic compounds has been widely studied. Urea 
has been shown to increase the water solubility of 
chloramphenicol (10, 11) and acetaminophen (12) 
and to decrease the solubility of sulfathiazole (13). 
The solubility of methylene blue was reported to be 
30 times higher in 10 M urea solution than in water 
(14). A recent investigation found that 1-5 A4 urea 
increased the water solubility of methyl p-hydroxy- 
benzoate (15). 


The effects of urea and thiourea on the solubility 
of benzoic and salicylic acids have been studied (16, 
17). Altwein et al. (17) concluded that the interaction 
of urea with salicylic acid was relatively complex but 
that increases in .the solubility of hydroxybenzoic 
acids were due to formation of soluble complexes. 
Feldman and Gibaldi (18), however, concluded that 
the enhanced solubility of benzoic and salicylic acids 
in urea and alkylurea solutions did not involve com- 
plexation. They proposed that urea and alkylureas 
solubilized benzoic and salicylic acids by “breaking 
up” water clusters surrounding the nonpolar mole- 
cule, increasing the entropy of the system, and pro- 
ducing a “driving” force for the solubilization. 


In studying the effect of urea on hydrocarbon solu- 
bility, Wetlaufer et al. (19) suggested several mecha- 
nisms to explain the increase of hydrocarbon solubili- 
ty in aqueous urea solutions: (a) the solute is solely 
dissolved by the urea, (b) urea alters the structure of 
water so as to enhance solvation of the solute by 
water molecules, and (c) solute molecules were sol- 
vated both by urea and water molecules. The pro- 
posed mechanisms have usually been associated with ’ 
increased solubility of compounds in relatively high 
urea concentrations (1-5 M ) ,  and it appears that 
there is no conclusive evidence to support any one 
mechanism whereby urea changes solubilities. 


In the present study, because of the paradoxical 
behavior of the system (first an increase followed by 
a considerable decrease in nitrofurantoin solubility), 
a single explanation of the phenomenon is certainly 
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Figure 1-Nitrofurantoin solubility in aqueous urea solutions 
a t  30 and 37O. Bars mark off 1 SD on either side of the average. 


not possible now. Preliminary spectral studies 
suggest some type of interaction between nitrofuran- 
toin and urea molecules. This possible interaction 
may account for the increased solubility at  low urea 
concentrations. The breakdown of water structure 
might account for the increase in solubility at lower 
urea concentrations; however, disruption of the water 
structure might not occur a t  the low urea concentra- 
tions used. The rapid decrease in nitrofurantoin solu- 
bility at  higher urea concentrations may be due to a 
salting-out effect. However, the formation of an in- 
soluble complex a t  higher urea concentrations might 
account for the abrupt decrease in solubility. 


Further investigations are being conducted in 
these laboratories to determine the effect of urea and 
another urine component, creatinine, on nitrofuran- 
toin solubility at  various temperature and pH condi- 
tions and to elucidate the mechanism(s) of action of 
the solubilization phenomena. 
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Ambrosin, Tumor Inhibitory Agent from 
Hymenoclea salsola (Asteraceae) 


Keyphrases 0 Ambrosin-tumor inhibitory agent from Hymeno- 
clea salsola, isolation and identification Hymenoclea salsola 
(Asteraceae)-isolation and identification of ambrosin, a tumor in- 
hibitory agent Antitumor agents-isolation and identification of 
ambrosin from Hymenoclea salsola 


To the Editor: 


As a result of the continuing search for plants hav- 
ing tumor inhibitory constituents, i t  was found that 
the chloroform extract of the leaves and stems of Hy- 
menoclea salsola Torr. and Gray (Asteraceae)l 
showed inhibitory activity toward the P-388 lympho- 
cytic leukemia test system (3PSI2. 


One of the two major constituents of the chloro- 
form extract was shown to be ambrosin, previously 
isolated from many plants of the Asteraceae family 
including H. salsola (1). Isolation was effected by col- 
umn chromatography, recrystallization, and prepara- 
tive TLC3. Identification was achieved by IR, NMR, 
mass spectrometry, elemental analysis, and compari- 
son with an authentic specimen4. 


Ambrosin demonstrated activities of 180, 158, 130, 
and 132% test/control (T/C) at 35, 22, 14, and 9.6 
mglkg, respectively, in the 3PS system. Activity in 


Identification was confirmed by Dr. Robert E. Perdue, Medicinal Plant 
Resources Laboratory, Plant Genetics and Germ Plasm Institute, Beltsville, 
Md. A reference specimen waa deposited in that herbarium. The plant was 
collected in California in December 1973. 


Division of Cancer Treatment, National Cancer Institute, National In- 
stitutes of Health, Bethesda, Md. 


31n our plant extract, ambrosin crystallized aa a 1:l mixture with its 
11.13-dihydro derivative, so preparative TLC waa required to isolate pure 
ambrosin. Geissman and Toribio (1) detected none of the dihydro material 
in their plant extract. 


4 We are indebted to Professor Werner Herz, Florida State University, 
Tallahassee, Fla., for providing the authentic sample of ambroain. 
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ing time significantly and can be associated with Category B. With 
Compound 8 the potentiation was extraordinary; it potentiated the 
sleeping time four times. 


Moreover, during gross screening, Compound 5 appeared to be 
the most active CNS depressant. However, in the pentobarbital 
potentiation analysis, Compounds 4, 8, and 10 seemed to be more 
active than 5; of these, Compound 10 was the most active. It pro- 
longed the sleeping time about three times more than l-cyclobu- 
tanecarbonyl-3,3-dimethylurea. These observations lend further 
support to the hypothesis that two mechanistically separate modes 
of action exist for these compounds: one for barbiturate potentia- 
tion and the other for depressant ability. However, the data are 
not sufficient to allow a definite conclusion regarding the mecha- 
nism of barbiturate potentiation. The possibility that the com- 
pounds potentiate pentobarbital sleeping time uia the inhibition of 
the liver microsomal enzymatic system cannot be ruled out. 


Myorelaxant activity of the meprobamate type is conveniently 
studied by ascertaining whether a compound antagonizes strych- 
nine lethality (7-9). In the present series of 10 compounds, all 
compounds showed myorelaxant activity; in the gross screening 
and barbiturate potentiation test, only eight were active. This 
finding suggests that the compounds in question are predominant- 
ly myorelaxants and that hypnotic and sedative activity is a secon- 
dary effect. Furthermore, these compounds can be classified into 
two categories. Some are only myorelaxant (Compounds 8 and 9) 
and belong to a class of compounds exemplified by mephenesin. 
Others show slight depressant effects along with myorelaxant ac- 
tivity (Compounds 1-7 and 10) and belong to a class of compounds 
exemplified by meprobamate. A t  a dose of 1000 mg/kg PO, Com- 
pounds 5,8, and 9 protected 100% and Compound 2 protected 60% 
of the test animals completely from strychnine lethality. Com- 
pounds 1,3,4,6,7, and 10 protected only 20-4096 of the population 
tested. However, as far as partial protection from strychnine letha- 
lity is concerned, Compounds 4, 5, and 7-10 protected 100% of the 
test animals; Compounds 1-3 and 6 protected 60% of the popula- 
tion tested. 


All of these compounds were also tested for pentylenetetrazol 
antagonism (10). A t  a dose of 1000 mg/kg PO, Compounds 3, 4, 7, 
and 8 protected 100% and Compounds 2, 6, and 9 protected 20- 
60% of the test animals completely against pentylenetetrazol-in- 
duced convulsions. Compounds 1, 5, and 10 did not show antago- 
nism to pentylenetetrazol. 


All compounds were tested for an ability to antagonize tremo- 
rine-induced, peripheral parasympathetic stimulation and central- 
ly originating parkinsonian-like tremors (11,12). At  a dose of 1000 


mg/kg PO, the antitremor activity was limited to Compounds 1, 4, 
5,8,  and 10. Compounds 1 and 10 protected 20-80% of the test ani- 
mals moderately, but none was completely protected. However, 
Compounds 4, 5, and 8 protected 2040% of the test animals com- 
pletely from tremors. These compounds were classified as slightly 
active since a highly active compound should be able to protect 
100% of the test animals completely at  a dose much lower than 
used in this test. Standard agents such as atropine, scopolamine, or 
trihexyphenidyl block tremorine effects in doses of 5-10 mg/kg in 
mice. The compounds showed no protection against tremorine- 
induced, peripheral parasympathetic stimulation. 
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Fluorescence Characteristics of Benzodiazepines in 
Strong Acid 


DALE D. MANESS" and GERALD J. YAKATAN 


Abstract The fluorescence characteristics of 10 subsdtuted 
l&benzodiazepines in strong acid solution were investigated. The 
compounds that fluoresce in the Hammett acidity region possess, 
or can form by enolization, an azomethine linkage in the 1,2- or 
4,5-position. ~ 1 1  benzodiazepines that fluoresce in strong acid show 
increases in flnorescence intensity with corresponding blue shifts 
as acidity increases. Two pKa's in the Hammett acidity region 
were observed for both the fluorometric and absorptiometric titra- 


tions of the benzodiazepines possessing a carbonyl in the 2-posi- 
tion. No evidence of excited state prototropism was observed. 


Keyphrases Benzodiazepines-fluorescence characteristics in 
strong acid Fluorescence characteristics-10 substituted 1,4- 
benzodiazepines in strong acid, fluorometric and absorptiometric 
titrations 


Of the spectroscopic methods utilized routinely in 
pharmaceutical analysis, fluorescence techniques are 
by far the most sensitive. Fluorescence methods are 


often discarded as analytical methods because many 
compounds do not appear to possess active fluores- 
cence properties and those that do often provide as- 
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Table I-Fluorescence Characteristics and pKa Values of Substituted 
1,4-Benzodiazepines Studied 


~ 


Fluorescence Spectral 
Characteristics, A,, 


Ho = -10 Ho = -5 
Com- PKa PKa 
pound R, R* R3 R4 Fluorescence Absorbance 


~ 


I 


I1 


I11 
IV 


V 


VI 


VII 
VIII  


IX  
Xa 


- 


H 


CH3 
CHI 


H 


H 


CHa 
H 
CHa 
CHa 


NHCHi 
I 


I1 


II 


=C- 
0 


-C- 
0 


-C- 
-CHZ- 


0 


-C- 
0 


-C- 
0 


-C- 
-CHZ- 
-CHZ- 
-CHZ- 


I/ 


II 


I1 


H 0 


H 0 


H 0 
H 0 


OH - 


- H 


- H 
H 
H 
H CH3 


- 


- 


-3.5,  --9 


-1.2, - -9  


- 
- 


-6 .6  


-2.4, -8.2 


-2.5,  --9 
-5 .7  
-5 .6  


- 


-2.5, -8 .7  


-1.3, - 8 . 6  


-1.5, -8 .0  
-2 .1 ,  -7 .2  


-2.4,  - 8 . 8  


-2.1, -8 .0  


-3.0, -7 .8  
-1.9,  -7 .8  
-1.5, -7 .3  
-1.5 


497 


500 


No fluorescence 
No fluorescence 


482 


482 


465 
457 
460 
No fluorescence 


525 


530 


No fluorescence 
No fluorescence 


495 


490 


480 
45 7 
460 
No fluorescence 


a The azomethine group is saturated in X. 


says with poor reproducibility. These problems are 
often attributed to the well-known dependencies of 
fluorescence characteristics on the solvent, solvent 
acidity, and charge of the emitting species. A thor- 
ough understanding of the fluorescence characteris- 
tics of drug molecules, however, can obviate many 
apparently undesirable aspects of fluorescence tech- 
niques, permitting the analyst to take advantage of 
the high sensitivity that can be realized from the suc- 
cessful use of fluorometry. 


For example, many coumarin derivatives do not 
fluoresce in the 0-11 pH region but do fluoresce in- 
tensely in the Hammett acidity range (1). The ana- 
lyst who does not realize that the acidity dependence 
of fluorescence frequently depends on the dissocia- 
tion constant of the molecule in the excited state 
rather than (or as well as) in the ground state may 
well be creating a reproducibility problem where 
none exists. A knowledge of both pKa and pKa* 
values is critical to the selection of optimal condi- 
tions for fluorometric assays. An excellent review of 
the theory and problems involved in the choice of 
such conditions has been presented (2). Systematic 
studies of the fluorescence characteristics of drug 
molecules as a function of acidity are needed to pro- 
vide information useful for prediction of fluorescence 
behavior of newly synthesized compounds. 


The 1,4-benzodiazepines are widely used as tran- 
quilizers. The ground-state acid-base equilibria of a 
number of 1,4-benzodiazepines have been investi- 
gated by absorption spectroscopy in the 1-13 pH re- 
gion (3). Several reports have appeared concerning 
the fluorescence properties of 1,4-benzodiazepines 


(4-8). The fluorescing species in these studies were 
produced photochemically (4, 5 ) ,  thermally in acidic 
solvents (6), and synthetically by derivatization (7). 
In only one case was the emitting species the parent 
compound (8), and even here the fluorescence char- 
acteristics are difficult to evaluate since the studies 
were run in alcoholic sulfuric, perchloric, and phos- 
phoric acid solutions. 


The physical-chemical characteristics of nitrogen 
heterocycles is of current interest in this laboratory. 
This interest resulted in the initiation of the present 
study-a systematic investigation of the fluorescence 
behavior of 1,4-benzodiazepines in strong acid solu- 
tion. A series of benzodiazepines with different struc- 
tures was chosen to gain insight into the structural 
requirements needed for fluorescence of these inter- 
esting nitrogen heterocycles. Additionally, the study 
encompassed the prototropic equilibria occurring in 
the Hammett acidity region. 


EXPERIMENTAL 


Apparatus-Fluorescence measurements were obtained on a 
recording spectrofluorometer' equipped with a xenon light source. 
Absorption spectra were recorded using a recording spectropho- 
tomete?. 


Reagents-The 1,4-ben~odiazepines~ (Compounds I-X) were 
used without further purification. Analytical reagent grade sulfuric 
acid4 was diluted with distilled deionized water to prepare solu- 


Turner model 430, G. K. Turner Associates, Palo Alto, Calif. 
Coleman 124, Perkin-Elmer Corp., Maywood, Ill. 
Compounds I-IV and VI-X were obtained from Hoffmann-La Roche, 


Nutley, N.J. Compound V was obtained from Wyeth Laboratories, Philadel- 
phia, Pa. ' Mallinckrodt Chemical Works, St. Louis, Mo. 
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Figure 1-Typical U V  spectral changes for VIZ in sulfuric 
acid solutions. The curues are labeled as to the Hammett 
acidity value at which the spectrum was obtained. 


tions of varying acidity for fluorometric and absorptiometric titra- 
tions. The corrected Hammett acidity scale of Jorgenson and 
Hartter (9) was employed for the concentrated sulfuric acid solu- 
tions. 


Solutions-All benzodiazepine solutions were prepared imme- 
diately prior to the titration and protected from light. Stock solu- 
tions approximately M in benzodiazepine were prepared in 
95% ethanol. Where the solubility of the compound in ethanol was 
limited, the stock solution was prepared using 10% sulfuric acid, 
the lowest acidity solvent used for the titration. Solutions having a 
final benzodiazepine concentration of approximately M were 
prepared by dilution of the stock solution with the appropriate sul- 
furic acid solution immediately prior to obtaining the spectrum. 


Stabil i ty Studies-Representative benzodiazepines were 
checked for stability in the strong acid solutions by the following 
procedure. A M solution of the benzodiazepine was prepared 
in concentrated sulfuric acid (Ho = -10). After 5 min a t  room tem- 
perature, this solution was diluted 10-fold with water to give a 10% 
sulfuric acid solution (lod4 M in benzodiazepine). The UV spec- 
trum was obtained and compared to that for a M solution 
prepared directly in 10% sulfuric acid. The 5-min timespan was 
several minutes longer than the time usually required to prepare 
the sample and obtain the spectrum during the titrations. Addi- 
tionally, the M solution in 100% sulfuric acid was heated for 5 
min at 80’ in an oil bath prior to dilution to a 10% solution and ob- 
tainment of the absorption spectrum. 
6-Chloro-4-phenylquinazoline-2-carboxaldehyde, a reported 


acid decomposition product of oxazepam, was prepared according 
to the method of Bell and Childress (10). The UV absorption spec- 
trum of this compound was also obtained in 10% sulfuric acid solu- 
tion. 


RESULTS AND DISCUSSION 


The basic 1,4-benzodiazepine structure is shown in Table I along 
with the structural analogs utilized. The compounds studied were 
chosen to elucidate the structural requirements, if any, necessary 
to provide fluorescence emission. Of the 10 l,4-benzodiazepines 
studied, all but three fluoresced to some degree in the strongly aci- 
dic sulfuric acid media. The pertinent fluorescence characteristics 
of the compounds as well as the apparent pKa values obtained 
from both absorptiometric and fluorometric titration in strong 
acid are shown in Table I. 


Compounds I-IV all contain the N-oxide group in the 4-posi- 
tion. Two of the four N-oxide benzodiazepines, I and 11, exhibit 
fluorescence in strong acid, although of low intensity relative to 
other benzodiazepines studied. Compounds I11 and IV, which do  
not fluoresce in strong acid, differ significantly in structure from I 
and 11. Compound I possesses a double bond in the 1,2-position. 
Compound 11, through enolization, has the capability of producing 
the same azomethine fluorophore. Compound 111, which has the 
carbonyl function in the 2-position like 11, cannot exist in an un- 
charged enol form because of the methyl substituent in the l-posi- 
tion. Compound IV does not possess the carbonyl function. 


The remaining benzodiazepines studied reinforce the necessity 
for the presence of the azomethine group to provide fluorescence 


425 450 475 500 525 550 575 600 
A ,  nm 


Figure 2- Typical fluorescence spectral changes for V I I  in 
sulfuric acid solutions. The curues are labeled as to the Ham- 
mettacidity value at which the spectrum was obtained. 


in acid solution. Compounds V-IX fluoresce, whereas X, possess- 
ing neither enolization capability nor the double bond in conjunc- 
tion with the aryl system, shows no fluorescence. These studies in- 
dicate that the aryl azomethine function is a requisite for fluores- 
cence of the 1,4-benzodiazepines. The structure of the molecule 
being excited will also depend on the acid-base equilibria occur- 
ring in the ground state. For this reason, the prototropic reactions 
involved were also studied. 


Figures 1 and 2 show representative spectra for the absorptio- 
metric and fluorometric titration of VII in the Hammett acidity re- 
gion. The spectral changes exhibited are representative of many of 
the benzodiazepines studied. As demonstrated in Fig. 1, the ab- 
sorption spectra of the benzodiazepines generally show changes 
throughout the Hammett acidity region. Changes in the emission 
spectra as a function of acidity were also noted throughout the 
same region (Fig. 2). All of the benzodiazepines that  fluoresce in 
strong acid show increases in fluorescence intensity with corre- 
sponding blue shifts as the acidity increases. 


A typical absorptiometric titration curve for a benzodiazepine 
exhibiting two apparent pKa’s in the Hammett acidity region is 
shown in Fig. 3. The fluorometric titration curves generally pro- 
duced the same results as the absorbance data. Several benzodi- 
azepines, however, did not exhibit two clearly distinct pKa’s in the 
fluorometric titration curve when they were observed in the ab- 
sorptiometric titration (Compounds 111-V and VIII-X). An exam- 
ple of this phenomenon is shown in Fig. 4 where the fluorometric 
titration curve is depicted for the same compound whose absorp- 
tiometric titration appears in Fig. 3. Although two pKa’s are not 
distinctly observable, the fluorescence change occurs over a much 
wider range of Hammett acidity values than would be expected for 
a single prototropic reaction. 


The apparent pKa values determined from the titrimetric graph 
of the absorption and emission data (11) are given in Table I. No 
evidence of excited state prototropism was observed since the pKa 
values determined by fluorescence measurements corresponded to 
the pKa values obtained in the absorptiometric titrations. Spectral 
intensity changes were much greater for the prototropic reaction 
occurring in the lower Hammett acidity region than in the more 
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Figure 3-A bsorptiometric titration of I X  in the Hammett 
acidity region. 


Vol. 64, No. 4. April  197.5 653 







R O  
I II 


80 


70 


60 


50 


CGHs 
Scheme I 


- 
- 


- 
- 


acidic region for I, IV, VIII, and IX (Fig. 3). Conversely, when the 
benzodiazepine possessed a carbonyl in the 2-position, the pKa in 
the strongly acidic region was very distinct and intensity changes 
were more pronounced than for the pKa observed in the lower 
Hammett acidity region. These observations may be attributed to 
a two-step protonation reaction for benzodiazepines having the 2- 
carbonyl. The first involves protonation of the 1-nitrogen-the 4- 
nitrogen being protonated in the pH region (3)-and the second 
step is carbonyl protonation. The suggested prototropic reactions 
are shown in Scheme I. 


The benzodiazepines without proton-accepting capability in the 
2-position would not be expected to show a pKa in the higher acid- 
ity region. Where a pKa is observed, the inflection in the titration 
curve is not very pronounced. The spectral changes observed in 
these higher acidities may be due to solvation effects as the medi- 
um approaches 100% sulfuric acid. If the observed spectral changes 
are not solvation artifacts but due to protonation, then the aro- 
matic rings must be involved as the base moiety. This possibility 


.“40 30 t / 
0 -1 -2 -3 -4 -5 -6 -7 -8 -9 -10 


Ho - 
Figure 4-Fluorometric titration of IX in the Hammett 
acidity region. 


seems unlikely since the positive charges residing in the portion of 
the molecule in conjugation with these rings should strongly de- 
crease their basic properties. Whether protonation reaction or sol- 
vation artifact, the spectral changes are real and would be impor- 
tant for analytical fluorescence or absorption measurements made 
in the higher Hammett acidity region. 


The possibility also existed that the spectral changes in the 
higher acidity regions were due to chemical instability of the ben- 
zodiazepines. Three compounds, V, VI, and IX, representative of 
the benzodiazepine structures studied were subjected to stability 
studies described in the Experimental section. The spectra ob- 
tained in 10% sulfuric acid directly as well as after treatment in 
100% sulfuric acid at room temperature and at  80° were identical, 
indicating no apparent degradation during the timespan studied. 
In addition, the spectra of V and 6-chloro-4-phenylquinazoline-2- 
carboxaldehyde, a reported product of the acid-catalyzed isomer- 
ization of V (lo), in 10% sulfuric acid are distinctly different and 
the formation of the degradation product would have been ob- 
served if present to any significant extent. 
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crystallized twice from aetone and then twice from 95% ethanol to 
yield white needles, mp 244-246’ [lit. (5) mp 260-262O for 29-nor- 
lupan-20-one-38-yl acetate [lit. (5) mp 249-251O for 29-nor-19a- 
H-lupan-20-one-3&yl acetate]. The product (0.57 g, 0.0012 mole) 
was obtained in a 27.0% yield. 


The IR spectrum indicated loss of the peaks corresponding to 
the vinylidene group at 3100, 1650, and 880 cm-l. Carbonyl ab- 
sorption, a t  1700 cm-’ was observed. 


Anal.-Cdc. for C31H~03: C, 79.15; H, 10.64. Found C, 79.01; 
H, 10.50. 
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Synthesis of Substituted Benzylidinohydrazines and 
Their Monoamine Oxidase Inhibitory and 
Anticonvulsant Properties 


SURENDRA S. PARMAR **x. A. K. GUPTA *. T. K. GUPTA *, and 
VIRGIL I. STENBERG * 


Abstract 0 Some N1- (4-acetamidobenzoyl)-N2- (substituted phe- 
nyl carboxy1ate)benzylidinohydrazines were synthesized, charac- 
terized, and evaluated for their ability to inhibit monoamine oxi- 
dase in vitro. All substituted benzylidinohydrazines inhibited 
monoamine oxidase activity of rat brain homogenates. These com- 
pounds possessed anticonvulsant activity, which was reflected by 
the protection afforded against pentylenetetrazol-induced convul- 
sions; they also potentiated pentobarbital-induced hypnosis in 
mice. Monoamine oxidase inhibitory effectiveness of these substi- 
tuted benzylidinohydrazines was unrelated to their anticonvulsant 
activity and their ability to potentiate pentobarbital-induced hyp- 
nosis. 


Keyphrases 0 Benzylidinohydrazines-synthesis, characteriza- 
tion, and in uitro inhibition of monoamine oxidase Structure- 
activity relationships-benzylidinohydrazines, anticonvulsant ac- 
tivity and inhibition of monoamine oxidase activity of rat brain 
homogenates 0 Monoamine oxidase inhibitors-synthesis of ben- 
zylidinohydrazines 0 Anticonvulsant activity-benzylidinohydra- 
zines 


Many hydrazine derivatives are monoamine oxi- 
dase inhibitors (1). Such enzyme inhibitors have been 
shown to possess anticonvulsant properties (2). Fur- 
thermore, psychotropic (3) and anticonvulsant (4) 
properties exhibited by benzylidine derivatives led to 
the synthesis of N1- (4-acetamidobenzoy1)-N2- (sub- 
stituted phenyl carboxy1ate)benzylidinohydrazines. 
The ability of these benzylidinohydrazines to inhibit 
monoamine oxidase activity of rat brain homogenates 
was investigated in an attempt to correlate enzyme 
inhibitory effectiveness with anticonvulsant activity 
and ability to potentiate pentobarbital-induced hyp- 
nosis. 


EXPERIMENTAL 


Chemistry-Ethyl 4-Aminobenzoate -Ethyl 4-aminobenzoate 
was prepared by the esterification of 4-aminobenzoic acid by the 
method reported earlier, mp 9l0 (5). 


Ethyl 4-Acetamidobenzoate --In a conical flask containing 
water, 18.3 ml of concentrated hydrochloric acid and 35 g of ethyl 
4-aminobenzoate (0.22 mole) were introduced with stirring. To this 
solution, 256 ml of distilled acetic anhydride was added. The reac- 
tion mixture was added to a solution of 33 g of sodium acetate in 
100 ml of water and stirred vigorously. On cooling, the solid that 
separated was filtered, washed, dried, and recrystallized from eth- 
anol, mp 117O. 


(4-Acetamidobenzoy1)hydrazine-A mixture of ethyl 4-aceta- 
midobenzoate (0.4 mole) and 0.4 mole of hydrazine hydrate (99- 
100%) in absolute ethanol was refluxed on a steam bath for 15 hr. 
Excess ethanol was distilled, and the hydrazine that separated on 
cooling was filtered and recrystallized from ethanol, mp 277O. 


N1-(4-Acetamidobenzoyl)- N2-substituted Benzylidinohydra- 
zines -A mixture of 4-acetamidobenzoylhydrazine (0.1 mole) and 
a suitable salicylaldehyde (0.1 mole) in ethanol with a few drops of 
acetic acid was refluxed on a steam bath for 4-5 hr. Excess ethanol 
was removed by distillation. The solid mass that separated was 
collected by filtration, washed with water, dried, and recrystallized 
from ethanol. These compounds were characterized by their sharp 
melting points and elemental analyses (Table I). 


N1-(4-Acetamidobenzoyl) -N2-(aryl-substituted Phenyl Car- 
bony1ate)benzylidinohydrazines -N’ - (4 - Acetamidobenzoy1)- 
N2- substituted benzylidinohydrazine (0.025 mole) in dry benzene 
(20 ml) was mixed with the appropriate benzoyl chloride, and the 
resulting mixture was refluxed on a steam bath for 5-6 hr. Excess 
benzene was removed by distillation, and the crude product that 
separated on cooling was filtered, washed first with sodium bicar- 
bonate and then with water, and recrystallized from ethanol. 
These substituted benzylidinohydrazines, characterized by their 
sharp melting points and elemental analyses, are recorded in Table 
11. 


Determination of Monoamine Oxidase Activity-Male rats 
weighing 150-200 g were killed by decapitation. Brains were quick- 


154 /Journal of Pharmaceutical Sciences 







Table I-Physical Constants of N- (4-Acetamidobenzoyl) -N%ubstituted 
Benzylidinohy drazinea 


Analysis, % 
Com- Melting Yield, Molecular 
pound Ri R2 Ra RI Point0 % Formulab Calc. Found 


I H H O H  OCHa 256 O 80 CI.IHI~NIOI C 62.38 62.36 
H 5.20 5 .22  


I1 OH H H H 
N 12.84 12.88 


275" 65 CisHiaaOa C 64.64 64.53 
H 5.05 5.00 


I11 H OH H H 285 O 70 


I V  H H OH H 


N 14.14 14.20 
Ci.Hia*Ox C 64.64 64.49 _ _  _ _  - - 


H 5.05 5 .20  
N 14 . i4  14.18 


300 O 85 CisHisNaOa C 64.64 64.70 
H 5.05 5.10 
N 14.14 14.10 


a Melting pointa were taken in open capillary t u b  and are uncorrected. * AU compounds were recrystallized from ethanol. 


ly removed and homogenized' in ice-cold 0.25 M sucrose (2%, w/v). 
The reaction mixture (final concentration) consisted of 0.5 ml of 
phosphate buffer (0.2 M, pH 7.5), 1 X M kynuramine, 0.5 ml 
of brain homogenate (equivalent to 10 mg of wet weight of the tis- 
sue), and water to a total volume of 3 ml. The monoamine oxidase 
activity of brain homogenates was determined after incubation at 
37O in air for 30 rnin (6). 


The various substituted benzylidinohydrazines were added to 
the brain homogenate to produce a final concentration of 5 x 10-5 
and 1 X M and incubated for 10 min before adding kynura- 
mine. The mixture was then incubated for an additional 30 min. 
The reaction was stopped by the addition of 1 ml of 10% trichloro- 
acetic acid (w/v), and the precipitated proteins were removed by 
centrifugation. 


Suitable 1-ml aliquots of the supernatant solution were taken in 
2 ml of 1 N NaOH and were assayed spectrophotofluorometrical- 
ly2 for 4-hydroxyquinoline content. An increase in absorbance pro- 
vided a direct measurement of 4-hydroxyquinoline formation, 
which was taken as an index of the enzyme activity. The percent 
inhibition was calculated from the decrease observed in absorb- 
ance, and this value provided an index of the inhibitory property 
of these substituted benzylidinohydrazines. 


Determination of Anticonvulsant Activity-AntEconvulsant 
activity was determined in mice of either sex weighing 25-30 g. 
The mice were divided into groups of 10, keeping the group 
weights as nearly the same as possible. All benzylidinohydrazines 
were suspended in 5% aqueous gum acacia to give a concentration 
of 0.25% (w/v). 


The test compounds were injected in a group of 10 animals a t  a 
dose of 100 mg/kg ip. Four hours later, the mice were injected with 
pentylenetetrazol(90 mg/kg sc). This dose of pentylenetetrazol has 
been shown to produce convulsions in most untreated mice and 
was also found to produce 100% mortality during a 24-hr period. 


The mice were observed for 60 rnin for the occurrence of sei- 
zures. An episode of clonic spasm that persisted for a minimum of 
5 sec was considered a threshold convulsion (7). Transient inter- 
mittent jerks and tremulousness were not counted. Animals devoid 
of threshold convulsions during the 60-min period were considered 
protected. The number of animals protected in each group was re- 
corded, and the anticonvulsant activity of the benzylidinohydra- 
zines was represented as percent protection. The mice were then 
observed for 24 hr and mortality was recorded. 


Potentiation of Pentobarbital (Sodium) Sleeping Time- 
The method of Winter (8) was followed to investigate the ability of 
benzylidinohydrazines to potentiate pentobarbital-induced hypno- 
sis. Mice weighing 20-25 g were divided into groups of six animals. 
One group of six animals was used for each compound, while an- 
other group of six mice served as the control. Pentobarbital, when 


* Potter-Elvehjem. 
Aminco-Bowman spectrophotofluorometer. 


administered in a dose of 40 mg/kg ip to the control group, was 
found to produce sleep. All benzylidinohydrazines were suspended 
in 5% aqueous gum acacia to give a concentration of 0.25% (w/v) 
and were injected a t  a dose of 100 mg/kg ip 30 min prior to the ad- 
ministration of pentobarbital. 


The animals were observed for sleep as evidenced by loss of the 
righting reflex. The degree of potentiation produced by these ben- 
zylidinohydrazines was calculated by the total average time of 
sleep observed in experimental animals divided by the total aver- 
age time of sleep observed in control animals. 


Toxicity-The approximate LDM value for each benzylidinohy- 
drazine was determined in albino mice by the method reported by 
Smith (9). The test compounds, suspended in 5% aqueous gum 
acacia, were administered intraperitoneally to groups of 10 mice. 


RESULTS AND DISCUSSION 


Monoamine oxidase inhibitory effectiveness of benzylidinohy- 
drazines a t  the final concentrations of 1 X and 5 X M, 
using kynuramine as the substrate and rat brain homogenates as 
the source of the enzyme, are recorded in Table 111. All evaluated 
cornpounds possessed monoamine oxidase inhibitory activity. 
Maximum inhibition was observed with the compound possessing 
a 3-nitrophenyl carboxylate group at  position R1 of the benzylidine 
moiety (Compound X). The presence of a 4-acetamidophenyl car- 
boxylate group at  R1, RP, or R3 of the benzylidine moiety was 
found to result in a relatively lower degree of monoamine oxidase 
inhibition when compared to other substituted phenyl carboxyl- 
ates. 


As is evident from Table 111, benzylidinohydrazines a t  a dose of 
100 mg/kg possessed anticonvulsant activity against pentylenete- 
trazol-induced convulsions; the degree of protection ranged from 
10 to 50%. Maximum protection was observed with the compounds 
having a 3-nitrophenyl carboxylate group (Compund VI) or an ace- 
tyl salicylate group (Compound XVIII) at  RS of the benzylidine 
moiety of these hydrazines. Benzylidinohydrazines having a 4-ace- 
tamidophenyl carboxylate group at Rz or R3 (Compounds XV and 
XIX) possessed weak anticonvulsant activity. 


The degree of protection afforded by these compounds against 
pentylenetetrazol-induced death during 24 hr in mice was unrelat- 
ed to their anticonvulsant activity (Table 111). The low toxicity of 
these compounds in albino mice was reflected by their high ap- 
proximate LDm values, which were lo00 mg/kg or greater on intra- 
peritoneal administration. 


All evaluated benzylidinohydrazines potentiated sleeping time 
induced by pentobarbital in mice at  a dose of 100 mg/kg (Table 
111). Benzylidinohydrazines having a phenylcarboxyl, I-acetamido- 
phenyl carboxylate, or acetyl salicylate group at  R3 with a methoxy 
substituent at R4 and a 3-nitrophenyl carboxylate group at  RB of 
the benzylidine moiety prolonged the sleeping time twice that ob- 
served with the administration of pentobarbital alone. 
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Table 111-Monoamine Oxidase Inhibitory and  Pharmacological Properties of N1- (4-Acetylaminobenzoyl) 4 1 -  


(substituted Phenyl Carboxy1ate)benzylidinohydrazines 


Potentia- 
tion of 


Pentobar- 


Monoamine Oxidase Inhibitiono, % vulsant tetrazol Sleeping 
Approximate Activity*, ’% Mortalityc, Time, X 


Compound 5 x 1 0 - 6  M 1 x 1 0 - 4 ~  LDbO, mg/kg Protection % Controld 


Anticon- Pentylene- bital 


V 1 6 . 7  f 0.8  36.7 f 0.5 >loo0 20 50 2 . 2  
V I  31.7 i~ 0 . 9  57 .9  f 0.8  >loo0 50 30 1 . 7  


VII 1 5 . 4  f 0.7 
VIII 1 9 . 2  f 0.6 


IX 67.9  f 1 . 2  


36.7 f 0.6 
5 2 . 9  f 1 . 1  
81.7 f 2 . 1  


X 81.7 f 1.1 9 2 . 9  f 2 . 0  
XI 45.4 f 1.0 6 5 . 4  f 1 . 5  


XI1 7 7 . 9  f 1 . 0  8 4 . 2  f 2 . 2  
XI11 1 9 . 2  f 0.7 5 5 . 4  f 2 . 4  
XIV 3 0 . 4  f 0.7 5 2 . 9  f 1.9 xv 22.9  f 0.6  26.7 f 0.7 
XVI 20 .4  f 0.8 30 .4  f 0.5 


XVII 32 .9  f 0 . 9  50 .4  f 1.1 
XVIII 33.7 f 0.7 


XIX 27.9 f 0.6 xx 54.2  f 0.8 


5 7 . 9  f 1 . 3  
5 0 . 2  f 0.9 
71 .7  f 2 . 0  


>loo0 
>loo0 
>loo0 


30 
30 
30 


40 
30 
50 


2 . 1  
2 . 1  
1 . 5  


1000 30 50 2 . 3  
1000 30 50 1 . 6  
1000 30 50 1 . 9  


>loo0 40 40 1 . 7  
>loo0 40 50 2 . 0  
>loo0 10 60 1 . 6  
>loo0 30 50 1 . 8  
>loo0 30 50 1 . 7  
>loo0 50 20 2 . 1  
> 1000 10 90 2 .o 
>loo0 50 50 1 . 4  


a Each experiment was done in duplicate. All values represent mean values of percent inhibition with f standard error of the mean calculated from three 
separate experiments. Assay procedure and the contents of the reaction mixture are as described in the text. All compounds were disaolved in propylene glycol 
(loo%), and an equivalent amount of propylene glycol was added to the control tubes containing kynuramine alone in the absence of the test compounds. * Anticonvulsant activity was determined at a dose of 100 mg/kg as described in the Experirnenfal section. C Represents mortality during 24 hr in each group of 
animals administered pentylenetetrazol. d Control value for pentobarbital (40 mg/kg) sleeping time was 29 mic, which wa8 taken as 1 for evaluation of the ability 
of substituted benzylidinohydrazines to potentiate pentobarbital sleeping time. 


These observations did not provide a correlation between the 
monoamine oxidase inhibitory effectiveness of these benzylidi- 
nohydrazines and their anticonvulsant activity or their ability to 
potentiate pentobarbital-induced hypnosis. Detailed pharmacolog- 
ical studies of the effects of these benzylidinohydrazines may pos- 
sibly reflect a basis for their ability to inhibit monoamine oxidase. 
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11 .  The final chapter deals with a wide variety of drugs which di- 
rectly or indirectly affect the endocrine system. 


In most instances, the coverage is quite superficial. This might 
be expected in view of the immense amount of material which has 
been condensed into a relatively small volume. The authors do not 
imply that they have intended to provide an in-depth treatment of 
the various aspects of endocrine pharmacology. Because of the 
concise nature of the presentation, the book may be difficult to fol- 
low unless the reader has a reasonable background in the basic as- 
pects of endocrinology and pharmacology. This problem is further 
compounded by the fact that the authors have chosen not to in- 
clude direct literature references. The only references which are 
cited are short lists of “Recommended Readings” which appear a t  
the end of each chapter. The absence of direct literature references 
is somewhat surprising in view of the observation that many fig- 
ures and tables in the book have been taken rather directly from 
scientific publications. 


The information presented in some chapters (hypothalamic-re- 
leasing factors) is quite up to date, whereas other chapters (anteri- 
or pituitary hormones and insulin) are somewhat less current. This 
book may serve as a fast reference. It does not, however, contain 
sufficient detail to provide in-depth insight into the area of endo- 
crine pharmacology. 


Reviewed by George N. Holcomb 
Ferris State College 
Big Rapids, M I  49307 
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Figure 1-Nitrofurantoin solubility in aqueous urea solutions 
a t  30 and 37O. Bars mark off 1 SD on either side of the average. 


not possible now. Preliminary spectral studies 
suggest some type of interaction between nitrofuran- 
toin and urea molecules. This possible interaction 
may account for the increased solubility at  low urea 
concentrations. The breakdown of water structure 
might account for the increase in solubility at lower 
urea concentrations; however, disruption of the water 
structure might not occur a t  the low urea concentra- 
tions used. The rapid decrease in nitrofurantoin solu- 
bility at  higher urea concentrations may be due to a 
salting-out effect. However, the formation of an in- 
soluble complex a t  higher urea concentrations might 
account for the abrupt decrease in solubility. 


Further investigations are being conducted in 
these laboratories to determine the effect of urea and 
another urine component, creatinine, on nitrofuran- 
toin solubility at  various temperature and pH condi- 
tions and to elucidate the mechanism(s) of action of 
the solubilization phenomena. 
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Ambrosin, Tumor Inhibitory Agent from 
Hymenoclea salsola (Asteraceae) 


Keyphrases 0 Ambrosin-tumor inhibitory agent from Hymeno- 
clea salsola, isolation and identification Hymenoclea salsola 
(Asteraceae)-isolation and identification of ambrosin, a tumor in- 
hibitory agent Antitumor agents-isolation and identification of 
ambrosin from Hymenoclea salsola 


To the Editor: 


As a result of the continuing search for plants hav- 
ing tumor inhibitory constituents, i t  was found that 
the chloroform extract of the leaves and stems of Hy- 
menoclea salsola Torr. and Gray (Asteraceae)l 
showed inhibitory activity toward the P-388 lympho- 
cytic leukemia test system (3PSI2. 


One of the two major constituents of the chloro- 
form extract was shown to be ambrosin, previously 
isolated from many plants of the Asteraceae family 
including H. salsola (1). Isolation was effected by col- 
umn chromatography, recrystallization, and prepara- 
tive TLC3. Identification was achieved by IR, NMR, 
mass spectrometry, elemental analysis, and compari- 
son with an authentic specimen4. 


Ambrosin demonstrated activities of 180, 158, 130, 
and 132% test/control (T/C) at 35, 22, 14, and 9.6 
mglkg, respectively, in the 3PS system. Activity in 


Identification was confirmed by Dr. Robert E. Perdue, Medicinal Plant 
Resources Laboratory, Plant Genetics and Germ Plasm Institute, Beltsville, 
Md. A reference specimen waa deposited in that herbarium. The plant was 
collected in California in December 1973. 


Division of Cancer Treatment, National Cancer Institute, National In- 
stitutes of Health, Bethesda, Md. 


31n our plant extract, ambrosin crystallized aa a 1:l mixture with its 
11.13-dihydro derivative, so preparative TLC waa required to isolate pure 
ambrosin. Geissman and Toribio (1) detected none of the dihydro material 
in their plant extract. 


4 We are indebted to Professor Werner Herz, Florida State University, 
Tallahassee, Fla., for providing the authentic sample of ambroain. 
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the 3PS test system is defined as an increase in the 
survival of treated animals over that of control ani- 


The major xanthonic constituent was mangiferin 
(I). The remaining total xanthones consisted of three 


mals resulting in a T/C 2 125% (2). 
(1) T. A. Geissman and F. P. Toribio, Phytochemistry, 6, 


1563( 1967). 
(2) R. I. Geran, N. H. Greenberg, M. N. MacDonald, A. M. 


Schumacher, and B. J. Abbott, Cancer Chemother. Rep., 3 (3), 
9(1972). 
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Chemical Constituents of Gentianaceae 
XVI: Antitubercular Activity of 
Xanthones of Canscora decussata Schult 


Keyphrases 0 Canscora decussata Schultantitubercular activi- 
ty of polyoxygenated xanthones 0 Xanthones, polyoxygenated- 
activity against Mycobacterium tuberculosis Mangiferin-ac- 
tivity against Mycobacterium tuberculosis Medicinal plants- 
antitubercular activity of xanthones of Canscora decussata Schult 


To the Editor: 


The extract of Canscora decussata Schult (Genti- 
anaceae) is used in the treatment of certain mental 
disorders and of tuberculosis in the Indian system of 
medicine (1). Previously, the isolation, characteriza- 
tion, and pharmacological screening of about two 
dozen polyoxygenated xanthones of C. decussata 
were reported from this laboratory (2-5). The phar- 
macological profile of activities of the total xanthones 
(excluding mangiferin) and of the major glycoxan- 
thone, mangiferin, was consistent with the reported 
uses of the plant extract in the treatment of affective 
disorders. We now wish to report the significant an- 
titubercular activity of the free polyoxygenated xan- 
thones of this medicinal plant. 


After concentration, the ethanolic extract of the 
defatted plant material yielded mangiferin in high 
yield. The alcoholic mother liquor, after the separa- 
tion of mangiferin, gave a syrupy mass with further 
concentration. The nitrogenous constituents were 
separated from it by aqueous acetic acid treatment in 
the usual way (2). The chloroform-soluble fraction of 
the acidic aqueous suspension gave a mixture of 
about a dozen polyoxygenated xanthones (“total xan- 
thones”); their number and relative abundance were 
monitored by TLC and mass spectrometry of the 
mixture, its methyl ethers, and the acetates. 


1,3,5-trioxygenateud xanthones (IIa-IIc, relative pro: 
portion about 12%), four 1,3,5,6-tetraoxygenated xan- 
thones (IIIa-IIId, 32%), and four 1,3,5,6,7-pentaoxy- 
genated xanthones (IVa-IVd, 56%), plus some uni- 
dentified minor xanthones. All of these compounds 
were screened for activity against Mycobacterium tu- 
berculosis H37 RV using Youman’s medium. The 
tube dilution method was used. The test compounds 
were added in different concentrations to  Youman’s 
medium tubes containing horse serum (10%). The 
tubes were then inoculated with the organism (about 
lo6 million/ml). Thereafter, the tubes were incubated 
at 37’ for 21 days. 


After the incubation, the tubes were observed for 
growth of the microorganism. The minimum concen- 
tration of the compounds required for preventing the 
growth was recorded as the minimum inhibitory con- 
centration (MIC). The total xanthones (11-IV) were 
found to  be more active than mangiferin. The MIC 
(10 pg/ml) of the total xanthones was comparable to 
that of streptomycin. Mangiferin showed only weak 
inhibitory activity, its MIC being 200 pg/ml. 


The activity of this class of compounds against M .  
tuberculosis was reported twice before in the litera- 
ture. 1,3,8-Trihydroxyxanthone, a degradation prod- 
uct of sterigmatocystin (occurring in Aspergillus 
uersicolor), was reported (6) to be active a t  a dilution 
of 1 in 80,000. Sterigmatocystin had virtually no tu- 
berculostatic effect per se. Norswertianolin (3,5,8- 
trihydroxyxanthone-1-0-glucoside), occurring in a 


I I 
R,O 


IIa: R, = H, RL = H 
IIB: R, = CH,j, R, = H 
IIc R, = CHJ, R, = CH, 


R,b 
IIIa: R, = H, R,=H, R, ,=H 
IIIb: R, =H,  RL=CH,h R J = H  
IIIc: R, = H, Rj = H, R.$ =CHJ 
1116 R, = H, RL=CH,,, RJ =CHI  


R,O 
IVu: R, = H, R, = H, R,, = H, R, = H 
IV6: R, = CH,,, R2 = CH,, R , ~  = H, R, = H 
IVc: R, = H. R, = CH,,. R,j = CH,,, R, = H 
IVd: R, = CH,, R. = CH,,, R, = CH,,, R, = H 
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Biopharmaceutic Factors in Parenteral 
Administration of Vitamin E 


HAROLD L. NEWMARK, WILLIAM POOL, JACOB C. BAUERNFEIND, 
and ELMER De RITTER 


Abstract When properly formulated, micellar-type aqueous dis- 
persions of tocopheryl acetate are administered intravenously or 
intramuscularly to dogs, the rate-limiting step in the bioavailabili- 
ty  of the physiologically active free tocopherol is the rate of hy- 
drolysis of the acetate ester. A similar dispersion of free tocopherol 
yields blood levels of tocopherol many fold higher than those ob- 
tained with the acetate ester after intravenous injection and also 
yields much greater increases in blood levels of free tocopherol 
after intramuscular injection than the acetate ester formulation, 
particularly in the early period after the dose. 


Keyphrases Vitamin E-biopharmaceutic factors, parenteral 
administration, rate-limiting step Tocopheryl acetate-biophar- 
maceutic factors, parenteral administration, rate-limiting step 


Bioavailability-tocopheryl acetate from parenteral formula- 
tions 


a-Tocopherol (vitamin E) exists naturally in foods 
primarily in the free, unesterified form. For food for- 
tification, pharmaceutical dosage forms, and animal 
supplementation, the esters, principally the acetate 
and succinate, are used because of their greater sta- 
bility to oxidation. When administered orally to ani- 
mals and humans, both esters and free a-tocopherol 
are fully active biologically as nutritional sources of 
vitamin E, indicating ready hydrolysis of the esters in 
the GI tract (1,2). 


Parenteral preparations containing a-tocopheryl 
acetate have been available commercially and for in- 
vestigational use for some time, but little or no infor- 
mation is available concerning the kinetics of the hy- 
drolysis needed to provide the biologically active free 
tocopherol from these dosage forms. A recent request 


Table I--Formulas of Parenteral Vitamin E Products 
~~ ~~ 


dl-a-Tocopheryl 
Acetate, dl-a-Tocopherol, 


Component 50 mg/ml 50 mg/ml 


dl- a-Tocopheryl 


dl-a-Tocopherola 
Polyoxyethylated fat ty  


Glycerin 
Ethyl  alcohol 
Propylene glycol 
Benzyl alcohol 
Thimerosal 
Disodium edetate 
Sodium chloride 
Sodium acetate 
Acetic acid 
Water  for injection, 


q.s. to  
PH 
Packaging 


acetate" 


acid derivative* 


50 mg 


~ 


4% (w,/v) 


5% (w/v)  
-. 


- 


0 .1  mg 
0 . 1  mg 


0.4 m g  
0 . 1  mg 
1.0 ml 


-. 


6 .0-6.6 
10-ml multiple- 


dose vials 


50 m g  
10% (v/v) 


- 


10% (v/v) 
10% (v/v) 
1% (v/v) 
- 


0 .1  m g  
9 m g  
0 . 3  mg 
2.5 m g  
1.0 ml 


About 4 
2-ml single- 


dose ampuls 


a Hoffmann-La Roche Inc., Nutley. N.J. b Emulphor EL 620, GAF Corp., 
New York. N.Y. ____ 


Table 11---Increases in Blood Plasma Levels of Tocopherol 
and Tocopheryl Acetate in Dogs after Intramuscular Injec- 
tion of a n  Aqeuous Emulsion of dl-a-Tocopheryl Acetate 
(5 mg/kg) 


Blood 


Time after 
Sample, Dog Number 


Injection 1106 1412 1556 Mean 


Predose Level of Tocopherol, mg yo 


Increase in Level of Tocopherol, mg $& 
0.99 1.03 0.93 0.98 


7 . 5  min 0 .oo 0 .oo 0 .oo 0 .00  
15 rnin 0 .oo 0 .oo 0.01 0.003 
30 rnin 0.09 0.01 0.01 0.04 
60 rnin 0.17 0.09 0.05 0.10 
2 hr  0.17 0.18 0.06 0.14 
4 hr 0.31 0.26 0.15 0.21 
8 hr 0.31 0.61 0.61 0.51 


24 hr 0.31 0.57 0.61 0.50 
Increase in Level of Tocopheryl Aceta te ,  m g  % 


7 .5  min 0 . 3  0 .5  0 .1  0 .3  
15 rnin 0 . 3  
30 rnin 0 .6  
60 rnin 0 .7  


2 .o 0 .9  1.1 
2.9 1 . 2  1 . 6  
5 .O 1 .6  2 .4  


2 hr  1 .o 4 .2  1 . 7  2 . 3  
4 hr  1.1 4 . 1  1 .9  2 . 4  
8 hr 0 .9  1.8 0.9 1 . 2  


24 hr 0 .2  0 . 1  0 .4  0.2 


from a medical research group concerned with the 
problems of open heart surgery prompted an investi- 
gation of this problem. During such surgery, the 
blood is oxygenated under high oxygen tension in an 
extracorporeal apparatus. This stresses the lipid anti- 
oxidant (e.g., free a-tocopherol) reserves of the eryth- 
rocyte membranes, resulting in excessive, undesirable 
oxidative hemolysis of red cells. 


The tocopherol levels in the blood simultaneously 
drop to very low levels, well below the acceptable 
minimum of 0.5 mg/100 ml. Apparently the large 
pools of tocopherol stored elsewhere in the body are 
not mobilized rapidly enough into the blood to cor- 
rect this stress. Parenteral administration of dl -a- 
tocopheryl acetate in micellar aqueous dispersions 
surprisingly did not correct the rapid decline of the 
free tocopherol levels in the blood in this stress situa- 
tionl. 


Rindi and Perri (3) administered a 5% aqueous 
emulsion of dl-a-tocopheryl acetate intramuscularly 
to humans and demonstrated a rapid increase in 
plasma tocopheryl acetate content, reaching a maxi- 
mum at 8 hr after injection. The free tocopherol level, 
however, increased only slowly, reaching a maximum 
at about 30 hr after injection. 


M. K. Horwitt, St. Louis University College of Medicine, personal com- 
munication. 
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Table 111-Increases in Blood Levels of Tocopherol and 
Tocopheryl Acetate in a Dog after Intravenous Injection of 
a n  Aqueous Emulsion of dl-a-Tocopheryl Acetate (5 mg/kg) 


Blood Sample, Free Tocopher yl 
Time after Tocopherol, Acetate, 


Injection mg % mg % 


Predose 0.81 0 .oo 


7 . 5  min 0.18 4 . 1  
15 min 0.18 2 .8  
30 min 0.19 2 .4  
60 min 0.17 2 .o 
2 hr 0.21 1 .7  
4 h r  0.45 1 .o 
8 hr 0.45 1 .o 


24 hr 0.16 0 .9  


The present study was designed to obtain biophar- 
maceutical information for a more effective formula- 
tion of parenteral vitamin E. 


Increase a f t e r  I n j e c t i o n  


EXPERIMENTAL 


Materials-Aqueous dispersions of 5% dl-a-tocopherol N F  and 
dl-a-tocopheryl acetate NF were prepared with the compositions 
shown in Table I. These dispersions represent modifications of for- 
mulas of injectable aqueous emulsions of fat-soluble vitamins de- 
scribed by Aiello and Bauernfeind (4). 


These preparations are almost optically clear, have no droplets 
visible in a light microscope, and can be considered colloidal or mi- 
cellar dispersions. The free tocopherol, being more difficult to 
emulsify, required more of the surfactant, a polyoxyethylated fatty 
acid derivative. The preparations were sterilized by bacteriological 
filtration through Selas candles and were aseptically subdivided 
into sterile ampuls and vials. 


0.02 1 
0.01 


0 2  4 8 24 
HOURS AFTER DOSE 


Figure 1-Increase in  blood plasma levels of tocopherol in  the 
dog after intravenous injection of dl-a-tocopherol and dl-a- 
tocopheryl acetate a t  5 mglkg. 


9 1  


TOCOPHERYL LCETATE 


I 


0 2 4 6 8  24 
HOURS AFTER DOSE 


Figure 2- -Increase in tocopherol levels in dog blood plasma 
after injection with 5 mg/kg of dl-a-tocopherol (intravenous 
and intramuscular) or dl-a-tocopheryl acetate (intramuscular). 
Predose control levels were subtracted in  each case to obtain the 
value shown; each curve represents the average for three dogs. 


Methods-Dogs, - 10 kg, were injected with 5 mgkg of either 
dl-a-tocopherol or dl-a-tocopheryl acetate in the aqueous paren- 
teral formulations. Each dog received a single injection, either in- 
tramuscularly in the gluteal muscle area or intravenously in the ce- 
phalic vein. Blood samples were drawn from each dog before drug 
administration and at various times after injection. 


The heparinized blood samples were centrifuged and the plasma 
was analyzed for free tocopherol by the Emmerie-Engel color reac- 
tion utilized in the method of Quaife et al. (5). Plasma samples ob- 
tained from dogs that received dl-a-tocopheryl acetate were ana- 
lyzed for free tocopherol content both before and after alkaline hy- 
drolysis in the presence of an antioxidant, 4'-hydroxyacetanilide. 
The difference between these analyses represents tocopherol 
equivalent to the tocopheryl acetate present. 


In a separate series of tests, samples of freshly drawn dog and 
human blood were incubated at  37' with dl-a-tocopheryl acetate, 
using the described parenteral formulation diluted 1 to 50 in 0.9% 
saline with 0.2 ml added to 4 ml of blood to provide a level of 5 
mg/100 ml of blood. Aliquots were withdrawn at intervals and as- 
sayed for free a-tocopherol to determine the effect of whole blood 
in effecting hydrolysis of the acetate ester. 


RESULTS AND DISCUSSION 


Intramuscular injection of 5 mg/kg of dl-a-tocopheryl acetate in 
three dogs gave increases in plasma levels of free and esterified to- 
copherol (Table 11). These data are similar to those reported for 
single intramuscular injections of 300 mg of an aqueous dispersion 
of dl-a-tocopheryl acetate into humans (about 5 mg/kg in 20 hu- 
mans) (3). The results again demonstrate that the ester moves fair- 
ly rapidly into the bloodstream from the intramuscular site for this 
aqueous dispersion but that the hydrolysis to the physiologically 
active free tocopherol is quite slow. Apparently, little hydrolysis 
occurs a t  the injection site in the muscle or elsewhere. The similar- 
ity of these dog tests with the data of the previously mentioned 
human tests confirmed the suitability of the dog as an experimen- 
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Table IV-In Vitro Hydrolysis Tests of dl-a-Tocopheryl Acetateo Added to  Dog or Human Blood 


Sample 
Human Blood Sample 


Hours Dog No. 322 Dog No. 372 
at 37’ (Heparinized) (Untreated) Subiect 1 Subiect 2 


Free Tocopherol, mg 7’ 
Control (no tocopheryl acetate) 0 1.30 1.20 1 .48  1 .68  


2 .o 1 .43  1 .64  
Test (added tocopheryl acetate) 0 . 5  1.33 1.16 1.47 1.72 


1 .o 1 .36  1.07 1 .43  1.66 
2 .o 1 .23  1.22 1.43 1 .66  3 . O  1 .26  1 .25  - 


- - 


~~ - 


Aqueous emulsion (Table I) diluted 1 to 50 in 0.9% dine and 0.2 ml added to 4 ml of whole blood to provide a level of 5 mg of dl-a-tocopheryl acetate/100 
ml. 


tal animal for design of an improved parented  formulation of vi- 
tamin E. 


Intravenous administration of dl-a-tocopheryl acetate in a sin- 
gle dog at  5 mgkg showed a similar slow hydrolysis of the ester 
(Table 111). Although the acetate persists in the blood for many 
hours, only a small increase in free tocopherol levels is observed. 


The increases in levels of free tocopherol in blood plasma ob- 
tained after a single intravenous administration of 5 mgkg of dl- 
a-tocopheryl acetate (average of two dogs) or 5 mgkg of dl-a-to- 
copherol (average of two dogs) are shown in Fig. 1. The high peak 
tocopherol level in the plasma of dogs receiving free tocopherol in- 
travenously is consistent with the value expected based on the 
dog’s blood volume. There was a many fold greater elevation of 
plasma levels of free tocopherol over pretreatment levels after in- 
travenous administration of free tocopherol than with esterified 
tocopherol. This fact indicates again that the hydrolysis of toco- 
pheryl acetate is the major rate-limiting step in bioavailability. 


Samples of human and dog whole blood showed no significant 
increase in free tocopherol when inoculated with dl-a-tocopheryl 
acetate and incubated at  37O (Table IV). These results suggest 
that the blood itself does not have enzymes capable of rapid hy- 
drolysis of the acetate ester. 


Table V-Increase in Blood Plasma Levels of Tocopherol 
after Intramuscular Injection of an Aqueous Emulsion of 
dl-a-Tocopherol (5 mg/kg) 


Dog Number 
Time after 
Injection 1103 1112 1118 Mean 


7 . 5  min 0.8 1 .o  0 .o 0 . 6  
15 min 0.8 1 . 7  0 . 3  0 .9  
30 min 0 . 9  1 . 9  1 .o 1 . 3  
60 min 1 . 5  1 . 7  1 . 4  1 . 5  


2 hr 1 . 7  2 . 1  1 .4  1 . 7  
4 hr  
8 hr 


24 hr 


1 . 7  2 . 1  1 . 4  1 . 7  
1 . 7  1 . 9  1 .9  1.8 
0 . 4  1 . 4  0 .8  0 . 9  


The data in Table V demonstrate that the emulsion of free to- 
copherol produces a fairly rapid and substantial rise in blood levels 
of tocopherol in the dog after intramuscular injection. Although 
the levels in the first 4 hr were lower than those obtained after in- 
travenous administration, the area under the 24-hr curves (Fig. 2) 
was practically the same for both routes, indicating complete ab- 
sorption of the free tocopherol from the injection site in the mus- 
cle. 


Figure 2 also illustrates the much more rapid increases in blood 
levels of the physiologically active free tocopherol after intramus- 
cular injection of the aqueous dispersion of free tocopherol as com- 
pared to that of tocopheryl acetate. Hydrolysis of the ester in uiuo 
proceeds rather slowly, with the peak level of free tocopherol oc- 
curring 8 hr after intramuscular administration of the acetate ester 
and being maintained almost constant up to at  least 24 hr. 
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Azulene Analogs of Pharmacological Agents 111: 
Acute Toxicity and Local Anesthetic Activity of 
Azulylamides and Azulenecarboxamides 


P. H. DOUKAS., T. J. SPEAKER, and R. S. THOMPSON 


~- 


Abstract This paper describes the acute toxicity of two azul- 
ylamides and six azulenecarboxamides and the nerve conduction- 
inhibiting properties of some of these compounds. The azulene de- 
rivatives are compared to their benzenoid prototypes, lidocaine 
and procainamide, as part of a continuing investigation of the bio- 
logical properties of nonbenzenoid aromatic compounds. 


Keyphrases 0 Azulene analogs (azulylamides and azulenecarbox- 
amidesbacute toxicity and local anesthetic activity Azulylam- 
ides and azulenecarboxamides-acute toxicity and local anesthetic 
activity Structure-activity relationships-azulene analogs-local 
anesthetic activity 


Previous papers (1, 2) reported the synthesis of az- 
ulene analogs of procainamide and lidocaine. The 


acute toxicity and nerve conduction-inhibiting prop- 
erties are now reported for several of these analogs. 


Table I-LDM Values of Some Azulylamidea and  Azulenecarboxamidesas* 


Compound Rz RI 


LDaa Ratios" 


AZU- 
LD5o (95% lenoid 


Azulenoid cain- 
Confidence L m i t s )  Pro- 


mg/kg mmolesjkg Lidocaine amide 


1-1 H- 


1-2 


11-1 


11-2 


H- 


H- 


O2N- 


O H  
II I 


11-3 H&C-N- 


111-1 H- 


111-2 OIN- 


O H  
II I 


111-3 HaCC-N- 
Lidocaine 


Procainamide 


/C2H5 H O  


- k - - k - C  H2C H2N 
\ 
\ 


CZH5 


/CZH6 O H  
II I 


-C-N-C HzC HzN 
\ 
CZH5 


O H  


-(!!-I&-CH2CH2 \ 
\ 


CZH6 
O H  


0 
II 


--c-d-"--cH, 
U 


0 


\ 
CZH6 


229 


(212-252) 


210 
(171-264) 


178 


(150-220) 


221 


(148-338) 


367 


(212-575) 


268 
(243-289) 


188 
(131-275) 


>485d 
160 


(1 35-198) 
447 


(407-486) 


0.749 


(0.69-0.82) 


0.737 
(0.60-0.93) 


0.582 


(0.49-0.66) 


0,629 


(0.41-0.96) 


1.00 


(0.58-1.57) 


0.926 
(0.84-1.02) 


0.561 
(0.39-0.82) 


>l. 5d 
0.682 


1.64 
(0.57-0.77) 


(1.49-1.81) 


1.1 


1.1 


0.85 


0.92 


1.46 


1.36 


0.82 


>1.4 


0.45 


0.46  


0.35 


0.38 


0.61 


0.57 


0.34 


>0.9 


a All values dre for the hydrochloride salts. * The chemical names of the compounds are as follows: 1-1, 1-(3-diethylaminopropionamido)azulene; 1-2, 1-(3- 
morpholinoprbpionamido)azulene; 11-1, 1-(2-diethylaminoethyl)azulenecarboxamide; 11-2. 1-(2-diethylaminoethyl)-3-nitroazulenecarboxamide; 11-3, 1-(2- 
dieth~laminoethyl)-3-acetamidoazulenecarboxamide, 111-1, 1-(N-methy1piperazine)azulenecarboxamide; 111-2, l-(N-methylpiperazine)-3-nitroazulenecarbox- 
amide; and 111-3, 1-(N-methylpiperazine)-3-acetamidoazulenecarboxamide. C Calculated on a rnillimoles per kilogram basis. d Insufficient compound was avail- 
able to allow close estimation of the LDbo values or of the 95% confidence limits. 
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Figure 1--Inhibition of sciatic nerve action potential (R. pipiens) with time at 5- and 10-mmole concentrations o f :  (a) 1-(3-diethyl- 
aminopropionamid0)azulene ( I - l ) ,  and (b) 1-(3-morpholinopropionamido)azulene ( I -2) .  Both compounds are compared to 5 
mmoles of lidocaine. Each experimental point represents the mean of five experiments; the standard deviation for each point is also 
shown. 


The compounds included in this study were of 
three classes: azulylamides (Type I), secondary azu- 
lenecarboxamides (Type 11), and tertiary azulenecar- 
boxamides (Type 111). Intraperitoneal LD50 values 
determined in male Swiss-Webster mice, according 
to the method of Weil (3), are given in Table I. On 
the basis of the LD50 values, candidate compounds 
from each series were selected for evaluation as nerve 
blocking agents. Isolated frog sciatic nerve prepara- 
tions were employed to determine the degree of inhi- 
bition of nerve conduction relative to the pattern 
compounds. The changes in percentage inhibition as 
a function of time and of drug concentration are pre- 
sented in Figs. 1 and 2. 


EXPERIMENTAL 


LD60 Determinations-Naive male Swiss-Webster mice’, 25 f 
9 g, were randomly divided into five or six groups of four mice 
each. The groups were housed separately in metabolism cages at  25 
f 2O and provided with food2 and tap water ad libitum, except 
during the first 4 hr of each experiment when food was withheld. 
Mice in each group were identified by tail marking. All experimen- 
tal and control injections were made intraperitoneally. 


All drugs for LD50 studies were dissolved in enough 0.9% sodium 
chloride solution that the administered dose was contained in 0.1 
m1/10 g of body weight. All solutions were prepared fresh on the 


West Jersey Biological Supply, Wenonah, N.J. * Purina laboratory chow. 


day of use, except those of sodium chloride which were obtained 
from commercial 30-ml multiple-dose vials3. 


All surviving animals were observed over 72 hr; all deaths oc- 
curred within 24 hr of dosing. 


Nerve Conduction Measurements-Freshly removed sciatic 
nerves of male frogs (Rana pipiens) were used in all measure- 
ments of inhibition of nerve conduction. Nerves were kept bathed 
in oxygenated (95% 0 ~ 5 %  COz) frog Ringer’s solution and were 
maintained at  21 f 0.5O. All drugs for nerve conduction studies 
were dissolved in frog Ringer’s solution, and all solutions were pre- 
pared fresh on the day of use according to the method of Condou- 
ris (4). 


For measurement of nerve conduction, nerves were suspended 
across pairs of stimulating and recording platinum electrodes in an 
oxygenated, humidified nerve chamber. Drug was applied to each 
nerve by allowing it to dip into a small drug-containing bath posi- 
tioned between the stimulating and recording electrodes. 


Supramaximal stimulation4 with trains (140 msec; delay = 1 sec) 
of square wave pulses a t  a frequency of 89 cycleshec and a dura- 
tion of 0.07 msec was utilized. The nerve action potential arising 
from the recording electrodes was displayed oscillographically5. 
Nerves were permitted to equilibrate in drug-free frog Ringer’s so- 
lution for 30 min prior to the initiation of an experiment. Measure- 
ments of the spike height just prior to drug exposure were taken as 
individual control values for each nerve. 


At  the end of the equilibration period, the drug-free Ringer’s so- 
lution was replaced with drug-containing Ringer’s solution and the 
spike height was measured a t  5-min intervals. The nerve remained 


Baxter Laboratories, Division of Travenol Laboratories, Inc., Morton 


Laboratory stimulator model 104A, American Electronic Laboratories 


Tektronix oscilloscope model 502A, Tektronix, Inc., Beavorton, Ore. 


Grove, Ill. 


Inc., Colmar, Pa. 
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Figure %---Inhibition of sciatic nerve action potential (R. pipiens) with time at 5- and 10-mmole concentrations of:  (a) l-(&diethyl- 
aminoethy1)azulenecarboxamide (IT-I) ,  and (b) 1 -( N-methy1piperazine)azulenecarboxamide (111-1). Each experimental point 
represents the mean of five experiments; the standard deviation for each point is also shown. 


in contact with the drug solution for the duration of the experi- 
ment. A fresh nerve was used for each experiment, and no nerve 
was exposed to a second drug-containing solution. 


The reversibility of drug effects was assessed by repeated wash- 
ing of the nerve preparation with drug-free Ringer's solution until 
the action potential was restored. 


Preliminary range-finding experiments established the concen- 
trations at which 50% inhibition of conduction could be estab- 
lished within 30 min. These experimentally determined concentra- 
tions for each azulenoid were then used in subsequent replicate ex- 
periments. Experiments were replicated five or more times. 


All azulenoid compounds tested were synthesized in these labo- 
ratories (1, 2). Lidocaine hydrochloride6 and procainamide hydro- 
chloride7 were used as comparative controls and 0.9% sodium chlo- 
ride solution and frog Ringer's solution were used as vehicle con- 
trols in LDso and nerve conduction studies, respectively. 


RESULTS AND DISCUSSION 


The LD50 doses and 95% confidence limits of the several com- 
pounds are presented in Table I, both as milligrams per kilogram 
and as millimoles per kilogram, the latter to provide a rapid meth- 
od of comparison between the compounds. The ratios of the LDso 
values, in millimoles per kilogram, of the azulene derivatives and 
the benzenoid prototypes are also listed in the table. 


The two azulylamides have approximately the same LDm values 
as lidocaine and have about twice the toxicity of procainamide. 
The azulenecarboxamides, by contrast, have LDm values extend- 
ing over a threefold range, depending on substitution. The parent 
and 3-nitro-substituted carboxamides are substantially more toxic 
than are the corresponding 3-acetamido derivatives; similarly, sub- 


Supplied by Dr. Bertil Takman, Astra Laboratories, Worcester, Mass. 
K and K Laboratories, Jamaica, N.Y. 


stitution of an acetamido group on the annular system reduces the 
toxicity of the parent compound by at least half. In the case of 
Compound 111-3, the LDm value is of the same order as that of 
procainamide on a millimoles per kilogram basis. 


All carboxamides except the 3-acetamidopiperazineamido ana- 
log are more toxic than procainamide, but three of these (Com- 
pounds 11-3,111-1, and 111-3) are of lesser toxicity than lidocaine. 


Lethal doses of both experimental and reference compounds ap- 
peared to produce death by respiratory collapse. The sequence of 
toxic effects was as follows. In all instances, the mice were initially 
depressed following administration of the compounds. Subse- 
quently, they suffered prolonged mixed clonic and tonic convul- 
sions. Death, when it occurred, was a result of respiratory failure. 
The intensity and duration of convulsions were roughly propor- 
tional to the administered dose. 


The intensity of the convulsions was greatest in the 3-nitro-sub- 
stituted compounds, intermediate in the 3-unsubstituted corn- 
pounds, and least in the 3-acetamido compounds. These highly 
colored compounds and their metabolites were detected in urine 
soon after administration. The metabolic transformation of select- 
ed azulylcarboxamides is currently under investigation. Gross ob- 
servation upon necropsy showed the large and small intestines, 
mesentery, and bladder to be deeply stained by the azulenoid com- 
pounds. 


All 3-unsubstituted azulene derivatives produced reversible 
graded dose-effect relationships in isolated nerve preparations. 
Two- to threefold changes in concentration of azulenoid produced 
aboat twofold changes in the time required for a 50% inhibition of 
conduction, with higher concentrations producing more rapid ef- 
fects. 


Figures la and l b  show time-effect relationships on frog nerve 
conduction produced.by the azulylamides 1-1 and 1-2. Neither of 
these compounds is as potent on a molar basis as is the prototype 
compound lidocaine. 


Figures 2a and 26 show the time-effect relationship on frog 
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nerve conduction produced by the azulenecarboxamides 11-1 and 
111-1. Although the prototype compound for these carboxamides, 
procainamide, is without effect on frog sciatic nerve, both azule- 
noid compounds inhibited conduction. Compared with lidocaine, 
these compounds are about half as active. 


The 3-nitro compounds (11-2 and 111-2) consistently produced 
an irreversible inhibition of conduction graded with concentration. 
However, in contrast with the other compounds, the dose-effect 
relationships produced by the nitro derivatives were extremely 
variable from nerve to nerve. 


The 3-acetamidocarboxamides are devoid of nerve conduction- 
inhibiting activity a t  concentrations up to 50 mmoles. 
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Chromatography on Lipophilic Dextran Gels for 
Fractionation of Low Molecular Weight Compounds I: 
Steroid Digitonides 


M. M. EL-OLEMY * and S. J. STOHS 


Abstract A method for the separation of 38-hydroxysterols 
from other sterols is presented. The method involves precipitating 
38-hydroxysterols as the digitonides. The digitonide is then de- 
composed and separated into components using chromatography 
on highly cross-linked lipophilic polysaccharide gels. The digitonin 
in the mother liquor is separated from other sterols using the same 
chromatographic procedure. 


Keyphrases Dextran gel chromatography-decomposition of 
steroid digitonides 3~-Hydroxysterol~-separation from other 
sterols by dextran gel chromatography 0 Chromatography-sepa- 
ration of 30-hydroxysterols from other sterols, dextran gel columns 


The ability of digitonin to form a sparingly soluble 
complex with an equivalent amount of 3P-hydroxy- 
steroids was first noted in 1910 (1). The manipula- 
tion of concentration (2) as well as the use of gather- 
ing agents such as aluminum chloride and aluminum 
hydroxide was later introduced to permit the rapid 
and quantitative precipitation of steroid digitonides 
(3-5). Specificity of digitonide formation to 3P-hy- 
droxysterols (6) and 3P-hydroxysteroidal sapogenins 
(7) has been shown. Haslam and Klyne (6) showed 
that 30-hydroxysterols of the 5a series ( A D  trans ) 
and A5-3P-hydroxysterols are precipitated at  a higher 
dilution than 3D-hydroxysterols of the 5P series ( A D  
cis). This property can be used to fractionate the 
38-hydroxysterols further (6). 


DISCUSSION 
Digitonide formation has been used in the quantitative estima- 


tion of 3j3-hydroxysteroids. A gravimetric assay was proposed (1) 
while more recently a photometric assay was used for this purpose 
(2,4,8,9). A radioisotopic assay was also proposed (10). 


Decomposition of steroid digitonides has afforded a means for 
the isolation of 3j3-hydroxysteroids. Windaus (1) proposed pro- 
longed boiling with xylene. Schiienheimer and Dam (11) decom- 
posed the digitonides in pyridine. Ether was then added to precipi- 
tate digitonin and the steroids were obtained by evaporation of the 
filtrate. 


Mikhelovich (12) showed that the Schoenheimer and Dam (11) 
method results in less decomposition of either the steroid or digi- 
tonin than the Windaus (1) method. Bergmann (13) modified the 
Schiienheimer and Dam procedure by heating the digitonide with 
anhydrous pyridine 1 at  70-10O0, evaporating pyridine, and ex- 
tracting the steroid with ether in a soxhlet apparatus. The digi- 
tonin was then recovered by extraction with hot 90% alcohol. 


Sobel et al. (9) extracted the steroids with petroleum ether after 
digitonide decomposition and demonstrated that pyridine was su- 
perior to acetic acid for digitonide decomposition. Issidorides et al. 
(14) used dimethyl sulfoxide to decompose the digitonide. Digi- 
tonin remained in solution, while the precipitated steroids were ex- 
tracted with hexane. The digitonin was subsequently obtained by 
evaporation of dimethyl sulfoxide. 


Digitonide formation has been used to isolate digitonin-like 
compounds by precipitation with cholesterol. Chanley et al. (15) 
used this procedure in the isolation of holothurin A from the sea 
cucumber, Actinopygo agassiza, while Issidorides et al. (14) used 
this procedure for the recovery of tomatine and honothurin. 


3H-Digitonin has been employed to determine the subcellular 
location of sterols by autoradiography (16). Digitonin has also been 
used to fragment chloroplasts. The enzymes associated with frag- 
ments of various particle sizes can then be examined (17). 


Several sources of errors may be encountered when using digi- 
tonin to precipitate sterols quantitatively (18). Terpenoids and 
other products are also precipitated, while excess digitonin cannot 
be readily removed from the precipitate (18). 


Occasionally, the separation of 38-hydroxysterols from 3a-, 3- 
dehydro-, or other sterols is required. This report describes a 
method for effecting such fractionation using digitonide prepara- 
tions and lipophilic, highly cross-linked dextran gel' chromatogra- 
phy. The procedure involves precipitation of 3~-hydroxysterols as 
the digitonides. The digitonides, in solution, are applied to this 
column. using benzene-methanol (1:l) as the eluting solvent, 
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11 .  The final chapter deals with a wide variety of drugs which di- 
rectly or indirectly affect the endocrine system. 


In most instances, the coverage is quite superficial. This might 
be expected in view of the immense amount of material which has 
been condensed into a relatively small volume. The authors do not 
imply that they have intended to provide an in-depth treatment of 
the various aspects of endocrine pharmacology. Because of the 
concise nature of the presentation, the book may be difficult to fol- 
low unless the reader has a reasonable background in the basic as- 
pects of endocrinology and pharmacology. This problem is further 
compounded by the fact that the authors have chosen not to in- 
clude direct literature references. The only references which are 
cited are short lists of “Recommended Readings” which appear a t  
the end of each chapter. The absence of direct literature references 
is somewhat surprising in view of the observation that many fig- 
ures and tables in the book have been taken rather directly from 
scientific publications. 


The information presented in some chapters (hypothalamic-re- 
leasing factors) is quite up to date, whereas other chapters (anteri- 
or pituitary hormones and insulin) are somewhat less current. This 
book may serve as a fast reference. It does not, however, contain 
sufficient detail to provide in-depth insight into the area of endo- 
crine pharmacology. 


Reviewed by George N. Holcomb 
Ferris State College 
Big Rapids, M I  49307 


Introduction to Chemical Nomenclature. By R. S. CAHN. Hal- 
stead Press, 605 Third Ave., New York, NY 10016, 1974. 128 pp. 
13.7 X 21.5 cm. Price $6.95. 
This fourth edition has been completely revised and substantial- 


ly rewritten to include new rules for chemical nomenclature. The 
inorganic section incorporates the essential features of the new 
IUPAC recommendations for coordination compounds, ?r com- 
plexes, and boron compounds. The organic section has been ex- 
tended to aid the user in proceeding from principles to actual 
names. The book focuses, however, on the essentials of how names 
are formed rather than on formal rules. The book utilizes Ameri- 
can conventions, with differences in British conventions noted 
where appropriate. 
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the 3PS test system is defined as an increase in the 
survival of treated animals over that of control ani- 


The major xanthonic constituent was mangiferin 
(I). The remaining total xanthones consisted of three 


mals resulting in a T/C 2 125% (2). 
(1) T. A. Geissman and F. P. Toribio, Phytochemistry, 6, 


1563( 1967). 
(2) R. I. Geran, N. H. Greenberg, M. N. MacDonald, A. M. 


Schumacher, and B. J. Abbott, Cancer Chemother. Rep., 3 (3), 
9(1972). 
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Chemical Constituents of Gentianaceae 
XVI: Antitubercular Activity of 
Xanthones of Canscora decussata Schult 


Keyphrases 0 Canscora decussata Schultantitubercular activi- 
ty of polyoxygenated xanthones 0 Xanthones, polyoxygenated- 
activity against Mycobacterium tuberculosis Mangiferin-ac- 
tivity against Mycobacterium tuberculosis Medicinal plants- 
antitubercular activity of xanthones of Canscora decussata Schult 


To the Editor: 


The extract of Canscora decussata Schult (Genti- 
anaceae) is used in the treatment of certain mental 
disorders and of tuberculosis in the Indian system of 
medicine (1). Previously, the isolation, characteriza- 
tion, and pharmacological screening of about two 
dozen polyoxygenated xanthones of C. decussata 
were reported from this laboratory (2-5). The phar- 
macological profile of activities of the total xanthones 
(excluding mangiferin) and of the major glycoxan- 
thone, mangiferin, was consistent with the reported 
uses of the plant extract in the treatment of affective 
disorders. We now wish to report the significant an- 
titubercular activity of the free polyoxygenated xan- 
thones of this medicinal plant. 


After concentration, the ethanolic extract of the 
defatted plant material yielded mangiferin in high 
yield. The alcoholic mother liquor, after the separa- 
tion of mangiferin, gave a syrupy mass with further 
concentration. The nitrogenous constituents were 
separated from it by aqueous acetic acid treatment in 
the usual way (2). The chloroform-soluble fraction of 
the acidic aqueous suspension gave a mixture of 
about a dozen polyoxygenated xanthones (“total xan- 
thones”); their number and relative abundance were 
monitored by TLC and mass spectrometry of the 
mixture, its methyl ethers, and the acetates. 


1,3,5-trioxygenateud xanthones (IIa-IIc, relative pro: 
portion about 12%), four 1,3,5,6-tetraoxygenated xan- 
thones (IIIa-IIId, 32%), and four 1,3,5,6,7-pentaoxy- 
genated xanthones (IVa-IVd, 56%), plus some uni- 
dentified minor xanthones. All of these compounds 
were screened for activity against Mycobacterium tu- 
berculosis H37 RV using Youman’s medium. The 
tube dilution method was used. The test compounds 
were added in different concentrations to  Youman’s 
medium tubes containing horse serum (10%). The 
tubes were then inoculated with the organism (about 
lo6 million/ml). Thereafter, the tubes were incubated 
at 37’ for 21 days. 


After the incubation, the tubes were observed for 
growth of the microorganism. The minimum concen- 
tration of the compounds required for preventing the 
growth was recorded as the minimum inhibitory con- 
centration (MIC). The total xanthones (11-IV) were 
found to  be more active than mangiferin. The MIC 
(10 pg/ml) of the total xanthones was comparable to 
that of streptomycin. Mangiferin showed only weak 
inhibitory activity, its MIC being 200 pg/ml. 


The activity of this class of compounds against M .  
tuberculosis was reported twice before in the litera- 
ture. 1,3,8-Trihydroxyxanthone, a degradation prod- 
uct of sterigmatocystin (occurring in Aspergillus 
uersicolor), was reported (6) to be active a t  a dilution 
of 1 in 80,000. Sterigmatocystin had virtually no tu- 
berculostatic effect per se. Norswertianolin (3,5,8- 
trihydroxyxanthone-1-0-glucoside), occurring in a 


I I 
R,O 


IIa: R, = H, RL = H 
IIB: R, = CH,j, R, = H 
IIc R, = CHJ, R, = CH, 


R,b 
IIIa: R, = H, R,=H, R, ,=H 
IIIb: R, =H,  RL=CH,h R J = H  
IIIc: R, = H, Rj = H, R.$ =CHJ 
1116 R, = H, RL=CH,,, RJ =CHI  


R,O 
IVu: R, = H, R, = H, R,, = H, R, = H 
IV6: R, = CH,,, R2 = CH,, R , ~  = H, R, = H 
IVc: R, = H. R, = CH,,. R,j = CH,,, R, = H 
IVd: R, = CH,, R. = CH,,, R, = CH,,, R, = H 
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number of Swertia species (7), was reported to pro- 
duce tuberculostatic activity, although the degree of 
its activity was not reported (8). The Swertia plant 
extracts are also reputed for their therapeutic uses in 
the treatment of tuberculosis. 


The antitubercular activity of the total xanthones 
of C. decussata is particularly impressive because no 
adverse side effects were encountered. Also, no ob- 
vious toxicity was detected on prolonged administra- 
tion of the total xanthones (50 mg/kg ip to albino 
rats) daily for 4 weeks. 
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Improved Method for Microencapsulation of 
Soluble Pharmaceuticals 


Keyphrases 0 Nylon (formalin treated) gelatin microcapsules- 
preparation, physical properties Sulfathiazole sodium-mi- 
croencapsulation, dissolution Microencapsulation-soluble 
pharmaceuticals 


To the Editor: 


Interest in microencapsulation technology and its 
application to varied problems is increasing. In addi- 
tion to many nonpharmaceutical applications (l) ,  mi- 
croencapsulation has been utilized pharmaceutically 
to increase product stability, modify drug release, 
overcome drug incompatibility in formulations, and 
improve certain physical characteristics of formula- 
tions such as compressibility and flow (2). The tech- 
nology and applications of microencapsulation have 
been discussed in several monographs and reviews 
(1-6). However, as Luzzi stated (5), much of this in- 
formation is found in the patent literature and the 


Table I-Percent Sulfathiazole Sodium Released from 
Microcapsules” Prepared by the Formalin-Treated Nylon 
Gelatin Technique (Formula I) and with Nylon Alone 
(Formula 1 1 ) ~  in 0.1 N HCl and 0.1 M Acetate Buffer 
(PH 5.6) 


~~ 


Recoveriesd, % 
0.1 M Acetate Buffer 


0.1 N HC1 (PH 5.6) 


Minutes Formula I Formula I1 Formula I Formula I1 


2 
4 
8 
12 
16 
20 
30 
40 
50 
60 


120 


24 .5  
3 6 . 5  
5 1 . 5  
6 2 . 5  
73.0 
8 0 . 5  
9 2 . 0  
9 5 . 5  
9 7 . 5  
9 9 . 0  
- 


3 5 . 7  
5 6 . 1  
7 6 . 1  
8 7 . 5  
9 3 . 3  
9 6 . 7  
99.0 


100.6  
- 


4 . 3  
1 1 . 6  
2 2 . 3  
2 9 . 1  
3 4 . 1  
3 7 . 5  
4 5 . 1  
5 1 . 3  
5 7 . 0  
6 0 . 7  
7 7 . 3  


3 . 8  
6 . 5  


1 2 . 5  
1 7 . 5  
2 3 . 4  
2 6 . 7  
3 7 . 4  
4 6 . 9  
5 4 . 3  
5 9 . 9  
8 1 . 5  


a One hundred percent of unencapsulated gulfathiazole sodium passed into 
solution in less than 2 min in 0.1 N HCI and 0.1 M acetate buffer (pH 5.6). * Drug content, 21% (w/w). c Drug content, 49% (w/w). Average of dupli- 
cate assays upon the same batches. 


control and testing data essential for reproducibility 
are frequently lacking. 


Of interest is the work of Chang et  al. (7), in which 
enzymes in semipermeable microcapsules of nylon, 
collodion, and heparin-complexed collodion were 
prepared for potential use in enzyme replacement 
therapy. More recently, Luzzi et  al. (8) used a modi- 
fication of their technique (7) to encapsulate a water- 
soluble barbiturate in nylon. To prevent loss of the 
barbiturate from the nylon capsules, the microcap- 
sules were washed in chloroform prior to drying. 


The present communication outlines an improved 
method for microencapsulating soluble drugs. Nylon 
was used to coat a gelatin matrix containing the drug, 
and the resulting microcapsules were then hardened 
with formalin. Sulfathiazole sodium was used as the 
encapsulated drug. The concentration of reactants 
required to form nylon and the volume ratios of 
aqueous and organic solvents were the same as those 
reported by Chang et  al. (7). Gelatin USP (5 g) and 
sulfathiazole sodium (3 g) were dissolved in 60 ml of 
aqueous phase prior to the encapsulation step. After 
the nylon-coated capsules containing gelatin and sul- 
fathiazole sodium were formed, 20 ml of formalin 
(formaldehyde solution USP, 37%) was added to the 
total reaction volume (approximately 700 ml) and 
this mixture was gently stirred for an additional 10 
min. 


The capsules were allowed to stand at 5 O  for 24 hr 
to ensure that the hardening of the gelatin within the 
capsules was complete (9). The microcapsules were 
separated from the organic phase by vacuum filtra- 
tion and were then air dried at room temperature to 
remove formalin vapors, organic solvents, and water. 
Microcapsules passing through a 100-mesh screen 
were assayed for sulfathiazole sodium content (21% 
by weight) and used for dissolution studies. As con- 
trols, nylon microcapsules containing sulfathiazole 
sodium without gelatin were prepared using the same 
procedure (assay 49% by weight). 
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Effect of Inorganic Additives on Solutions of 
Nonionic Surfactants I1 


HANS SCHOTT and SUK KYU HAN * 


Abstract The effect of electrolytes and urea on the cloud points 
of the following three nonionic polyoxyethylated surfactants was 
studied: cetyl, stearyl, and oleyl alcohol adducts containing 10 eth- 
ylene oxide units. The results were similar to those obtained pre- 
viously with polyethylene oxide and with a polyoxyethylated alkyl- 
phenol. Nitrates of cations capable of forming stable solid com- 
plexes with model ethers like dioxane raised the cloud points in 
proportion to their concentrations by up to 35'. They salted the 
surfactants in through complexation with the ether oxygens. The 
order of effectiveness in raising the cloud points was lead nitrate > 
hydrochloric acid > cadmium nitrate > sulfuric acid N magnesium 
nitrate > aluminum nitrate > nickel nitrate > lithium nitrate > 
calcium nitrate. Only the nitrates of sodium, potassium, ammo- 
nium, and cesium lowered the cloud points, salting the surfactants 
out. These cations do not form complexes with ether oxygens. 
Urea, sodium perchlorate, and sodium iodide, which break the 
structure of water, raised the cloud points. This salting-in process 
is ascribed to increased hydration of the ether groups of the po- 
lyoxyethylated surfactants due to depolymerization of water by 
urea and the perchlorate and iodide anions. The bromide, chloride, 
and sulfate of sodium lowered the cloud points. The surfactant 
with the alkylaryl moiety was salted in more extensively but salted 
out only slightly more than the three surfactants with the linear hy- 
drocarbon chain. The data indicate the need for revising the 
theories of the effects of salts on the solubility of nonelectrolytes in 
water. None of the theories takes into account the interaction be- 
tween electrolytes and nonelectrolytes, even though many nonelec- 
trolytes compete with water as ligands for the cations. 


Keyphrases 0 Surfactants, nonionic-effect of inorganic addi- 
tives, cloud points, salting-in and salting-out process Electro- 
lytes-effect on cloud points of nonionic polyoxyethylated surfac- 
tants Urea-effect on cloud points of nonionic polyoxyethylated 
surfactants Inorganic additives-effect on solutions of nonionic 
surfactants 0 Cloud points-effect of inorganic additives 


Aqueous solutions of polyoxyethylated nonionic 
surfactants, and of polyethylene glycols which consti- 
tute their hydrophilic moiety, have an upper conso- 
lute temperature called the cloud point. Being more 
soluble in cold than in hot water leads to reversible 
phase separation on heating, and the solutions turn 
quite cloudy a t  that temperature (1-5). 


Cloud points are of practical importance. Suspen- 
sions or emulsions stabilized by adsorbed nonionic 
surfactants tend to coagulate or coalesce, respective- 
ly, when the systems are heated to temperatures in 
the vicinity of the cloud point (5). This may occur, 
for instance, during sterilization by autoclaving. Sub- 
sequent cooling frequently fails to regenerate stable 
suspensions or emulsions. 


Cloud points are independent of surfactant con- 
centration between relatively wide limits (5, 6) but 
are markedly affected by some additives (7-10). Ad- 
ditives that raise cloud points salt in the polyoxy- 
ethylated compounds. By increasing the upper conso- 
lute temperature, they extend the temperature range 
over which homogeneous undersaturated single- 
phase solutions prevail. 


DISCUSSION 


The following equilibria are involved in the interactions that 
occur in the ternary system of water-electrolyte-polyoxyethylated 
compound, where the latter is represented by the ether linkage 


(HzO), += nHzO 
Scheme I 


RI-O-R~: 


Scheme II 


Me" i- nHzO + [Me(OHz)J+z 


Scheme III 


X0,- + nHZO === [XO,(HzO),J- 


Scheme IV 


Scheme V 


Most publications on the interaction of inorganic electrolytes 
with aqueous solutions of polyethylene glycols (2) and polyoxy- 
ethylated nonionic surfactants (7-10) report salting out or cloud 
point lowering oia dehydration, as predicted by theory (11, 12). 
The competition for water of hydration between an electrolyte 
(Scheme 111 for a divalent cation and Scheme IV for a monovalent, 
oxygenated anion) and the polyoxyethylated compound (Scheme 
V) leads to precipitation of the latter. An ether linkage binds up to 
two water molecules (13). 


The following few instances of salting in or cloud point increases 
by electrolytes were reported for nonionic polyoxyethylated sur- 
factants prior to publication of Part I of the present series (14). 
Large anions such as thiocyanate and iodide (9, 15-17), which are 
polarizable and constitute soft bases in Pearson's nomenclature 
(18), as well as perchlorate (17), which constitutes a hard base, are 
effective in destructuring water. They increase the hydration of 
polyoxyethylated compounds (Scheme 11) by promoting the depo- 
lymerization of water (Scheme I). Acids (7, 9) and the nitrates of 
beryllium, magnesium, and calcium (15) also raised the cloud 
points of a nonionic surfactant, but the mechanism was disputed 
(15, 19). 


A systematic investigation of the effect of cations on the cloud 
points of aqueous solutions of a branched octylphenol with 10 eth- 
ylene oxide units (Surfactant I)' and of an ethylene oxide polymer 
with an average degree of polymerization of 340-455 was made, 
using mostly nitrates. The nitrate ion has little or no tendency to 
act as a ligand for the cation, as opposed to the chloride ion. The 
results showed the importance of complexation of the cations by 
the ether linkages as represented by Scheme V. All cations that 
form complexes with model ethers such as dioxane, ethyl ether, 
and cineole (20-23) salted the two polyoxyethylated compounds 
in, increasing their cloud points. Included among the complexing 


' Triton X-100, Rohm and Haas Co. 
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Figure 1-Cloud point of a 1.00% solution of Surfactant 11 
as a function of the molal concentrations of added electrolytes. 


cations were hydrogen, lithium, and all di- and trivalent cations 
tested. Only the monovalent cations sodium, potassium, and am- 
monium, whose salts do not form stable complexes with dioxane 
and other model ethers, lowered the cloud points of the two poly- 
oxyethylated compounds because the cations could not form com- 
plexes with the ether oxygens of the latter. Salting out by electro- 
lytes was found to be the exception rather than the rule, as had pre- 
viously been thought (1-5, 8-12). Since dioxane can act as a bi- 
dentate ligand for cations (23), the flexible polyoxyethylene chains 
with their many ether linkages probably act as polydentate ligands 
in the complexation of the cations according to Scheme V (14). 


The purpose of the present work was to extend the study of the 
effect of electrolytes on the cloud points of polyoxyethylated non- 
ionic surfactants to surfactants whose hydrophobic moiety is a 
normal alkyl chain rather than a branched alkylaryl group as in 
Surfactant I. By comparing the behavior of purely aliphatic deriv- 
atives with that of an aliphatic-aromatic compound, it is possible 
to determine whether the aromatic ring produces specific effects in 
the interaction between electrolytes and nonionic surfactants. Al- 
kali salts of anions capable of breaking and of enhancing the ice- 
berg structure of water were also included. The results for the vari- 
ous compounds can be used to evaluate current theories of salt ef- 
fects on nonelectrolyte solutions (11,12). 


EXPERIMENTAL 


The aliphatic surfactants were ethylene oxide adducts of cetyl, 
stearyl, and oleyl alcohols containing an average of loethylene oxide 
units2. The stearyl derivative was a waxy solid, and the other two 
compounds were viscous liquids or semisolids, depending on the 
room temperature. The properties of the four nonionic surfactants 
are summarized in Table I. Water was double distilled. Urea was 
NF grade, and all other chemicals were ACS reagent grade. 


The concentrations of the ternary mixtures are expressed as mo- 
lality or as percent (wlw) based on the amount of water present. 


2 Supplied by 1.C.I. America (formerly Atlas Chemical Co.) as Brij 56, 76, 
and 96, respectively. 
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Figure 2-Cloud point of a 1.00% solution of Surfactant I I  
as a function of the molal concentrations of added electrolytes. 


The surfactant level was 1%. The concentration used for the alk- 
ylaryl surfactant in the previous study was 2% (14), but this differ- 
ence caused only small differences in the cloud point ( 5 , 6 ) .  


The methods for assaying the electrolyte content of the concen- 
trated stock solutions, for preparing the ternary mixtures, and for 
measuring the cloud points are described in Ref. 14 with the fol- 
lowing exception. The concentrated stock solutions of sodium bro- 
mide, iodide, and sulfate and of potassium and cesium nitrate were 
analyzed by drying aliquots to constant weight. 


RESULTS 


The effect of electrolytes on the cloud points of the polyoxyeth- 
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Figure I-cloud point of a 1.00% solution of Surfactant III 
as a function of the molal concentrations of added electrolytes. 
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Table I-Properties of Nonionic Surfactants Employed in  the S tudy  of Electrolyte Effects 


Critical Micelle 
Concentration at 25" 


Surfactant Number Hydrophobic Ethylene Cloud moles/liter 
Number of 


(and Formula) Moiety Oxide Units H L B  Pointa g/liter x 106 
~~ ~~ 


I [CaHl-C6H10(CH~CH20)10H ] Branched 9-10 1 3 . 4  65 O 0 . 1 6  256 
octylphenol 


I1 [ClbH330(CH2CHz0)l~H] Cetyl alcohol 
I11 [C18H310(CH2CH20)l~H ] Stearyl alcohol 10 1 2 . 4  62.5'  - 
IV [C18H350(CHzCHz0)loH] Oleyl alcohol 10 1 2 . 4  54 O 0.065 92 


10 1 2 . 9  64 O - - 
- 


a At 1% (w/w). 


Table 11-Electrolyte Concentrations Required to  Raise the  Cloud Points of Surfactant Solutions by lo', in Order 
of Decreasing Effectiveness for Salting I n  


Surfactant I. Surfactant II* Surfactant IIIb Surfactant IVb 


Electrolyte Molality Electrolyte Molality Electrolyte Molality Electrolyte Molality 


Pb(N03)z 0 . 6 8  Pb(NOJ)? 1 . 3 0  HC1 1.75  Pb(NO,), 1 . 7 2  
Cd(NOs)z 1 . 3 1  Cd(NO3)z 1 . 9 0  P b (N 0 1) 2 1 . 7 8  Cd(N0a)Z 1 . 7 2  
HCl 1 . 4 7  HCI 1.95  C d (NO:,) 2 2 . 0 9  HCI 1 . 8 9  


1 . 5 5  Mg(N03)z 2 . 3 8  AI(NO:i), 2 . 1 9  H2SO 8 2 . 0 7  
HZSO, 2 . 4 0  H,SO I 2 . 2 4  Mg(NOr)? 2 . 0 7  


Mg(N03)2 1 ,  7o 
HzSOd 
Al(NOd3 1 . 8 6  N i (NO,) 2 3 . 0 0  Mg (NOz) 2 2 . 6 3  A1 (NO:,) a 3 . 0 0  


3 .35  Ni(N0,) 3.06  Ni(NOa), 3.06  Ni(NOd2 2 . 0  Al(N0d 3 


Ca ( N o d  4 . 7  Ca(N0dz  Ca  (NOs) - Ca(NOd2 
Lmo3 -~ LiNOI 1 0 . 7  4 . 6  L i N 0 3  > 10 LiNOs 


- - 


a At 2% (w,Av). b At 1% (w/w). 


ylated surfactants is presented in two parts. Salts of cations that 
form coordination compounds with ethers are discussed first, fol- 
lowed by salts of cations that do not form such complexes. Urea is 
included in the second category. 


Salting In by Complexation-Table I of Ref. 14 lists the salts 
of all polyvalent and of most monovalent cations used in the pres- 
ent study, together with their stable solid complexes in which diox- 
ane or dioxane plus water are the ligands. Dioxane was chosen as 
the model ether because its adducts are more stable than those of 
ethyl and other monofunctional ethers (20, 21 ) .  Dioxane can 
act as a bidentate ligand. Hydrogen, lithium, magnesium, calcium, 
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Figure 4-Cloua' point of a 1.00% solution of Surfactant 111 
as a function of the molal concentrations of added electrolytes. 


nickel, cadmium, aluminum, and lead form complexes with ethers. 
The effect of their nitrates on the cloud points of Surfactants II- 
IV is shown in Figs. 1-6. Hydrochloric and sulfuric acids were 
chosen over nitric acid to avoid oxidative degradation of the sur- 
factants. 


The effectiveness of the various electrolytes in salting in the four 
nonionic surfactants is rated according to two criteria. In Table 11, 
the interpolated electrolyte concentrations required to boost the 
cloud point of the nonionic surfactant solutions by loo are listed in 
increasing order. In Table 111, the interpolated increases in cloud 
point achieved by the additives at the 2-molal level are listed in 
decreasing order. Cloud points in the presence (14) and absence (5, 
6, 8) of additives were insensitive to surfactant concentrations be- 
tween 1 and 4% (w/w). Since some of the cloud point-electrolyte 
concentration curves cross over one another, the two criteria do 
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Figure 5-Cloud point of a 1.00% solution of Surfactant IV 
as a function of the molal concentrations of added electrolytes. 
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Table 111-Cloud Point  Increases Produced by Salting-In Electrolytes at  
2-Molal Concentrations, in  Order of Decreasing Effectiveness 


Surfactant Ia Surfactant IIh Surfactant IIIb Surfactant IVh 
Electrolyte AC.P.c Electrolyte ~V2.p.~ Electrolyte AC.P: Electrolyte AC.k7c 


~ 


HCl 15.0'  P b  (NO,) 2 1 2 . 9 "  HCl 12.0" HCl 1 1 . 4 "  
Pb(N03)Z 14.6" Cd (NO,) 2 10 .5" P b  (NO,)? 10.7'  C d  (NO,) 2 IS. 3" 
H~SOJ 14.5'  HCl 10.5'  Cd (NOa) 2 9 . 6 "  Pb(NO,)? 11.2'  
C d  (NO,) 2 14 .3 '  M g  (NO,)? 8 . 2 "  A1 (NO,) 3 9 . 0 "  Mg(NOs)? 9 . 7 "  
Mg(NOa)? 1 2 . 5 "  N i (NO3) 6 . 5 "  HZSOr 8.0' H~SOI  9 . 5 "  
A1 (NO,) 3 10.4"  HzSOj 6 . 0 "  Mg (NO:,) 2 8 . 0 "  Al (NO,) a 8.S0 


LiNO, 6 . 1 '  LiNO:, 2 . 7 "  LiNO, 1 . 7 "  LiNO, 4 . 5 '  
Ca(N0,)  2.0 '  Ca(NOd2 0 . 7 "  Ca (NO,), - 0 . 3 "  Ca(NOd2 -0.3" 


Ni(NO,)? 9 . 9 "  A1 "03)  3 4 .8"  Ni(N0:J " 6 . 7 "  Ni(N03)?  7 . 1 '  


" A t  270 (w/w). b At 1 '/o (w/w). C AC.P. = cloud point in 2-molal electrolyte solution iiiinus cloud point in water. 


not rank all electrolytes in the same order of salting-in efficacy 
even for a single surfactant. The overall order is lead nitrate > hy- 
drochloric acid > cadmium nitrate > sulfuric acid 2 magnesium 
nitrate > aluminum nitrate > nickel nitrate > lithium nitrate > 
calcium nitrate. 


Of the four nonionic surfactants, I was salted in the most exten- 
sively and I1 the least. Surfactant I required less electrolyte for a 
10" boost in cloud point than 11, and 2-molal electrolytes raised its 
cloud point more than that of 11. Surfactant IV was somewhat 
more extensively salted in than 111. This difference between the 
four surfactants is not due to differences in the hydrophilic-lipo- 
philic balance (HLB) since Surfactant I has the highest value and 
111 and IV have the lowest. Moreover, the four HLB values differ 
by one unit only. 


Apparently, the presence of the benzene ring enhanced the abili- 
t y  of Surfactant I to be salted in by the electrolytes. This conclu- 
sion is tentative because the cloud point of surfactants with a given 
hydrophobic moiety depends not only on the HLB but on the 
chain-length distribution of the ethylene oxide moiety as well (6). 
Since Surfactants I and 11-IV were supplied by two different man- 
ufacturers, their polyoxyethylene chain-length distribution may 
well differ due to different ethoxylation conditions. Another differ- 


ence is that the alkyl group of Surfactant I is branched while those 
of Surfactants 11-IV are normal. Branching affects the cloud point 
(6) and may also affect the increase in cloud point by complexation 
with cations. 


Salting In and Out by Noncomplexing Additives-Of the 
cations studied in Part I (14) and in the present work, only sodium, 
potassium, ammonium, and cesium do not form stable solid ad- 
ducts with ethers (20-23). Salts of these cations as a rule salt out 
nonelectrolytes, except if the anions are effective structure break- 
ers for water such as iodide, thiocyanate, and perchlorate (9, 15- 
17, 24). The influence of these salts on the cloud points of the non- 
ionic surfactants will be described. Another compound well known 
for its ability to break the structure of water and to weaken hydro- 
phobic bonds, namely, urea (25), was also included. 


The data for Surfactants 11-IV are plotted in Figs. 7-9. The ef- 
fectiveness of the various noncomplexing additives in salting the 
four surfactants in or out are rated according to the same two cri- 
teria used for the salting-in effectiveness of the complexing electro- 
lytes. Table IV lists the additive concentrations required to raise 
or lower the cloud points by loo, while Table V lists the increases 
or decreases in cloud points achieved by the additives a t  the 2- 
molal level. 


Surfactant I was only slightly more susceptible to salting out by 
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Figure 6-Cloud point of a 1.00% solution of Surfactant I V  
as a function of the molal concentrations of added electrolytes. 
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Figure 7-Effect of the concentrations of noncomplexing 
additives on the cloud point of 1.00% solutions of Surfactant 
11 (open symbols) and Surfactant I V  (dark symbols). 
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Table IV-Additive Concentrations Required to Raise or Lower the Cloud Points of Surfactant Solutions by lo', in Order of 
Decreasing Effectiveness for Salting I n  or Increasing Effectiveness for Salting Out  


Surfactant I I b  Surfactant I I I b  Surfactant IVb 
Surfactant IQ 


Molality for Molality for Molality for 
Additive Additive 10" Increase Additive 10' Increase Additive 10' Increase 


Urea 3.64 NaClOt 0.50 Urea 
N a I  , 1 . 8 7  
Urea 4 .80  


3.41 


Molality for Molality for Molality for Molality for 
10' 10" 10' 10' 


Reduction Reduction Reduction Reduction 


NaN03 1.58 N a N 0 3  1.86 CsNOa 2 .13  KNOX 1 . 9 1  
KNOi  1.65  N a B r  2.00 N a N 0 3  1 . 8 9  


N a N 0 3  1 . 9 0  
KNOa 1 . 8 7  
NaCl 0 . 7 1  
NatSOa 0.20 
N a S 0 0.50 


a At 2% (w/w). b At 1% (w/w). C At ionic strength equivalent to 2 molal NaCI. 


sodium nitrate than the other three. It required a somewhat lower 
salt concentration to reduce the cloud point by loo, and 2-molal 
sodium nitrate lowered its cloud point by only 1-2O more than 
those of the other three surfactants. 


The differences in the salting-out efficacy among the nitrates of 
the noncomplexing alkali metals are rather small. The cations are 
ranked in the order Na+ z K+ > Cs+. The differences in the abili- 
ty of the various anions to salt the nonionic surfactants in or out 
and the resulting spread in cloud points are far greater than the 
differences in the ability of the three noncomplexing cations to salt 
them out. This is shown by-comparing the effect of the various so- 
dium salts on the cloud points. The order of decreasing efficacy for 
salting in or increasing efficacy for salting out is sodium perchlo- 
rate > sodium iodide > sodium bromide sodium nitrate > sodi- 
um chloride > sodium sulfate. The spread in the cloud point of 
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Figure I-Effect of the concentrations of noncomplexing 
additives on the cloud point of a 1.00% solution of Surfactant 
I I I .  


Surfactant 111 in the presence of these six salts exceeds 50". The 
great influence of the anions on the process of salting in or out was 
also observed by Schick (9) and Saito (17). The order of efficacy of 
the anions is that of the Hofmeister or lyotropic series (26). The 
lower the lyotropic numbers of the anions, the greater is their abil- 
ity to reduce the cloud point (9). 


The three noncomplexing cations are also ranked according to 
the lyotropic series, but lithium and the polyvalent cations, which 
form complexes with the ether oxygens, are located ips0 facto at 
the wrong end of that series. Urea raised the cloud points, as ex- 
pected in view of its ability to reduce the structure of water. 


THEORY 


The present study provides a large body of data on the salting in 
and salting out of four nonelectrolytes by a variety of electrolytes. 
Each nonelectrolyte consists of a nonpolar hydrocarbon moiety 
and of a polar polyoxyethylene moiety. It is of interest to use these 
data to evaluate current theories of the effects of electrolytes on 
the solubility of nonelectrolytes. 


Electrostatic Theories-The electrostatic theories of Debye 
and McAulay and of Debye (11, 12, 27) describe salting in and out 
in terms of dielectric effects. They predict that a given nonelectro- 
lyte is salted in by all electrolytes if it raises the dielectric,constant 
of the solvent. If it lowers the dielectric constant, it is salted out by 
all electrolytes. The electrostatic theories do not cover the present 
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Figure 9-Effect of the concentrations of noncomplexing 
electrolytes on the cloud point of a 1.00% solution of Surfactant 
I I I .  
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Table V-Cloud Point  Increases or Decreases Produced by Additives at 2-Molal Concentrations, in  Order of 
Decreasing Effectiveness for Salting I n  or Increasing Effectivenes for Salting Out  


Surfactant Is Surfactant IIb Surfactant IIP Surfactant IVh 
Additive AC.P.c Additive AC.P.c Additive AC.P.< Additive Ac.P.‘ 


Urea 6.5’ NaCIOp 1 4 . 7 ”  Urea 6.0’ 
N a I  10.7” 
Urea 4.5 ’  


~ ~- 


~ ~~~~ ~ ~~ 


N a N 0 ,  - 1 3 . 0 ”  NaNO, -10.8’ CSNOZ - 9 . 4 ”  KNOI -11.0 
KNO, -12.0’  NaBr  - 1 0 . 0 ”  


N a N 0 ,  -10 .5 ’  
K N 0 3  - 1 1 . 0 ”  
NaCl =-25.5’ 
Na2S04 < -55” 
Na2S04d = -37’ 


-11.8’ N a N 0 ,  


a At 2% (w/w). At 1% (w/w). C AC.P. = cloud point in 2-molal additive minus cloud point in water. d At ionic strength equivalent to 2 molal NaCI. 


case where some electrolytes raised the cloud points of the polyox- 
yethylated surfactants, salting them in, whereas other electrolytes 
of the same valence lowered the cloud points, salting them out. 
The electrostatic theories are inadequate, because they fail to con- 
sider the electrolyte-nonelectrolyte interactions represented by 
Scheme V, as well as the complex structure of water, which causes 
certain anions to interfere with the process represented by Scheme 
I. 


Internal Pressure Theories-The internal pressure concept 
was applied to salting out and in as follows (11, 28). The ion-water 
interaction of dissolved electrolytes causes electrostriction of 
water, increasing i t s  internal pressure. When salts are added to the 
aqueous solution of nonelectrolytes, the increase in internal pres- 
sure tends to squeeze out the nonelectrolyte molecules from the so- 
lution, reducing their solubility or salting them out. The extent of 
electrostriction of water by an electrolyte can be represented by 
the difference between the molal volume of the pure “liquid” elec- 
trolyte, V,, an$ the partial mold volume of the electrolyte at infi- 
nite dilution, Veo. 


The relationship derived by McDevit and Long (11, 28) is: 


where Sn0 and S, are the solubilities of the nonelectrolyte in water 
and in an electrolyte solution, respectively; 0 is the compr_essibility 
of water; C, is the molar electrolyte concentration: and Vno is the 
partial molal volume of the nonelectrolyte a t  infinite dilution. The 
nonelectrolyte molecules modify the ion-water interaction merely 
by occupying volume, and the extent of salting in or out increases 
with their molecular size. Accordingly, the theory should be ap- 
plied only to nonpolar solutes, because they have scant affinity 
toward water and electrolytes, but it was found to hold approxi- 
mately for polar solutes as well (11). 


According to Eq. 1, if V ,  > veo, the solvent medium is com- 
pressed by the electrolyte and S , O  > S , ,  i .e.,  salting out oc- 
curs. If Veo > V,, the ions loosen the medium and the nonelectro- 
lyte is salted in. 


By combining V,  values obtained indirectly with veo values, the 
difference V, - Ve0 was found to be positive for most electrolytes re- 
ported, including hydrochloric acid, lithium chloride, lithium io- 
dide, sodium perchlorate, sodium iodide, barium chloride, and cer- 
ium (111) chloride (28, 29). Since these salts either raised the cloud 
points of the nonionic surfactants or are expected to do so in the 
light of the present results, the internal pressure theory does not 
have the general application with which it is often credited. 


In their review paper on salt effects, Long and McDevit dis- 
cussed the change in the order of the cations found with basic 
polar nonelectrolytes like ammonia and trimethylamine as com- 
pared to the order for nonpolar nonelectrolytes. They correctly as- 
cribed the inversion in the salting-in and salting-out order ob- 
served with the former to chemical interaction between the cations 
and the nonelectrolytes, specifically, to complex ion formation 
(11). 


Hydration Theories-Hydration theories and theories based 
on the role of water structure in the salting in and out of nonelec- 


trolyes by electrolytes (11, 30, 31) are either not general enough or 
not explicit enough to describe the present data. 


Conclusions-None of the existing theories of salting in and out 
adequately describes the effects of electrolytes on polyoxyethylated 
compounds dissolved in water, mainly because they neglect electro- 
lyte-nonelectrolyte interactions. Many nonelectrolytes are capable 
of acting as ligands for cations in aqueous solution, in competition 
with water. Thus, a comprehensive theory would have to include 
all five simultaneous processes represented by Schemes I-V. 
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Drug Absorption VII: Influence of Mesenteric Blood 
Flow on Intestinal Drug Absorption in Dogs 


WILLIAM G. CROUTHAMEL =, LOUIS DIAMOND, LEWIS W. DITTERT, and 
JAMES T. DOLUISIO * 


Abstract D Intestinal absorption of sulfaethidole and haloperidol 
was determined using an in situ canine intestinal preparation. In- 
testinal absorption of sulfaethidole was determined a t  three or 
four mesenteric blood flow rates in each dog, ranging from unal- 
tered flow (100%) to no flow (0%). A relatively small change in ab- 
sorption rate occurred when the splanchnic blood flow rate was de- 
creased about 35%. Further reductions in mesenteric blood flow re- 
sulted in progressive impairment of sulfaethidole absorption. The 
simultaneous measurement of sulfaethidole intestinal disappear- 
ance and appearance in blood indicates that sulfaethidole disap- 
pearance is equivalent to absorption. Haloperidol absorption also 
decreased with decreased intestinal perfusion but differed from 
sulfaethidole in that membrane storage of haloperidol appeared to 
take place during its absorption. 


Keyphrases 0 Absorption, drug-influence of mesenteric blood 
flow on intestinal absorption of sulfaethidole and haloperidol, in 
situ canine intestinal preparation 0 Drug absorption-influence of 
mesenteric blood flow on intestinal absorption of sulfaethidole and 
haloperidol, in situ canine intestinal preparation Sulfaethidole- 
influence of mesenteric blood flow on intestinal absorption, in situ 
canine intestinal preparation Haloperidol-influence of mesen- 
teric blood flow on intestinal absorption, in situ canine intestinal 
preparation Blood flow, mesenteric-influence on intestinal ab- 
sorption of sulfaethidole and haloperidol, in situ canine intestinal 
preparation 


Interest in the influence of blood flow on the GI 
absorption rate of drugs was stimulated by the obser- 
vation (1) that periods of fasting greater than 17 hr in 
rats resulted in decreased rates of drug absorption. 
This decrease in absorption was accompanied by a 
concomitant blanching of the intestine, which be- 
came more pronounced with longer fasting periods. 
The observed changes appeared to be due to changes 
in intestinal blood perfusion (2). 


There are many documented cases of pathological 
conditions leading to decreased intestinal blood per- 
fusion. One study (3) showed that experimentally in- 
duced ventricular and supraventricular tachycardias 
can cause mean superior mesenteric blood flow to 
drop nearly 40%. Other investigators (4) reported 


that hemorrhagic necrosis, infarction, and gangrene 
of the intestinal tract secondary to decreased 
splanchnic perfusion may result from rapid tachycar- 
dia. A high association was reported (5) between con- 
gestive heart failure and nonobstructive intestinal 
ischemia. In one case, intestinal ischemia resulting 
from congestive heart failure produced digoxin mal- 
absorpion severe enough to make the patient’s clini- 
cal condition difficult to control (6). Intramuscular 
administration of digitoxin produced marked im- 
provement in the patient. These reports suggest that 
the absorption of vital drugs in patients with circula- 
tory pathology may be dangerously reduced. 


BACKGROUND 


It has long been known that heat and exercise produce a signifi- 
cant reduction in splanchnic blood flow (7-9). A study with five 
volunteers found that light exercise for 7-8 min decreased splanch- 
nic blood flow by 20% (8). A fall in hepatic and splanchnic blood 
flow, sometimes in excess of 80%. during severe exertion was clear- 
ly demonstrated (9). Thus, it is conceivable that drug absorption 
following three sets of tennis or during strenuous exercise on the 
job could be quite different from that encountered under more 
restful circumstances. In this regard, exercise in a hot environment 
significantly decreased the absorption of 3-0- methylglucose but 
not D-xylose (10). Thus, exercise or the lack of it during bioavail- 
ability studies (studies of drug product performance) could greatly 
influence the apparent availability and rate of absorption of the 
product. 


The interaction between the circulation and intestinal absorp- 
tion is complex; blood flow influences absorption, but the reverse 
also holds true. Digitalis has been shown to be a potent splanchnic 
vasoconstrictor, and cardiac glycosides have precipitated intestinal 
necrosis (11). A reduction in splanchnic blood flow of 3040% was 
found in human volunteers following a 0.25-mg dose of ouabain 
(12). The same effect appears to be true for digitalis (12). 


The use of oral contraceptives in women also appears to affect 
significantly the mesenteric blood flow. Numerous reports have 
appeared in the last 10 years (13-15) linking the use of oral contra- 
ceptives in women to decreased intestinal blood flow. Of 24 collect- 
ed cases of ischemic disease of the colon in younger persons, six 
were women taking oral contraceptives (13). The role of oral con- 
traceptives in vascular diseases is unclear, and possible associated 
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nerve conduction produced by the azulenecarboxamides 11-1 and 
111-1. Although the prototype compound for these carboxamides, 
procainamide, is without effect on frog sciatic nerve, both azule- 
noid compounds inhibited conduction. Compared with lidocaine, 
these compounds are about half as active. 


The 3-nitro compounds (11-2 and 111-2) consistently produced 
an irreversible inhibition of conduction graded with concentration. 
However, in contrast with the other compounds, the dose-effect 
relationships produced by the nitro derivatives were extremely 
variable from nerve to nerve. 


The 3-acetamidocarboxamides are devoid of nerve conduction- 
inhibiting activity a t  concentrations up to 50 mmoles. 
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Chromatography on Lipophilic Dextran Gels for 
Fractionation of Low Molecular Weight Compounds I: 
Steroid Digitonides 


M. M. EL-OLEMY * and S. J. STOHS 


Abstract A method for the separation of 38-hydroxysterols 
from other sterols is presented. The method involves precipitating 
38-hydroxysterols as the digitonides. The digitonide is then de- 
composed and separated into components using chromatography 
on highly cross-linked lipophilic polysaccharide gels. The digitonin 
in the mother liquor is separated from other sterols using the same 
chromatographic procedure. 


Keyphrases Dextran gel chromatography-decomposition of 
steroid digitonides 3~-Hydroxysterol~-separation from other 
sterols by dextran gel chromatography 0 Chromatography-sepa- 
ration of 30-hydroxysterols from other sterols, dextran gel columns 


The ability of digitonin to form a sparingly soluble 
complex with an equivalent amount of 3P-hydroxy- 
steroids was first noted in 1910 (1). The manipula- 
tion of concentration (2) as well as the use of gather- 
ing agents such as aluminum chloride and aluminum 
hydroxide was later introduced to permit the rapid 
and quantitative precipitation of steroid digitonides 
(3-5). Specificity of digitonide formation to 3P-hy- 
droxysterols (6) and 3P-hydroxysteroidal sapogenins 
(7) has been shown. Haslam and Klyne (6) showed 
that 30-hydroxysterols of the 5a series ( A D  trans ) 
and A5-3P-hydroxysterols are precipitated at  a higher 
dilution than 3D-hydroxysterols of the 5P series ( A D  
cis). This property can be used to fractionate the 
38-hydroxysterols further (6). 


DISCUSSION 
Digitonide formation has been used in the quantitative estima- 


tion of 3j3-hydroxysteroids. A gravimetric assay was proposed (1) 
while more recently a photometric assay was used for this purpose 
(2,4,8,9). A radioisotopic assay was also proposed (10). 


Decomposition of steroid digitonides has afforded a means for 
the isolation of 3j3-hydroxysteroids. Windaus (1) proposed pro- 
longed boiling with xylene. Schiienheimer and Dam (11) decom- 
posed the digitonides in pyridine. Ether was then added to precipi- 
tate digitonin and the steroids were obtained by evaporation of the 
filtrate. 


Mikhelovich (12) showed that the Schoenheimer and Dam (11) 
method results in less decomposition of either the steroid or digi- 
tonin than the Windaus (1) method. Bergmann (13) modified the 
Schiienheimer and Dam procedure by heating the digitonide with 
anhydrous pyridine 1 at  70-10O0, evaporating pyridine, and ex- 
tracting the steroid with ether in a soxhlet apparatus. The digi- 
tonin was then recovered by extraction with hot 90% alcohol. 


Sobel et al. (9) extracted the steroids with petroleum ether after 
digitonide decomposition and demonstrated that pyridine was su- 
perior to acetic acid for digitonide decomposition. Issidorides et al. 
(14) used dimethyl sulfoxide to decompose the digitonide. Digi- 
tonin remained in solution, while the precipitated steroids were ex- 
tracted with hexane. The digitonin was subsequently obtained by 
evaporation of dimethyl sulfoxide. 


Digitonide formation has been used to isolate digitonin-like 
compounds by precipitation with cholesterol. Chanley et al. (15) 
used this procedure in the isolation of holothurin A from the sea 
cucumber, Actinopygo agassiza, while Issidorides et al. (14) used 
this procedure for the recovery of tomatine and honothurin. 


3H-Digitonin has been employed to determine the subcellular 
location of sterols by autoradiography (16). Digitonin has also been 
used to fragment chloroplasts. The enzymes associated with frag- 
ments of various particle sizes can then be examined (17). 


Several sources of errors may be encountered when using digi- 
tonin to precipitate sterols quantitatively (18). Terpenoids and 
other products are also precipitated, while excess digitonin cannot 
be readily removed from the precipitate (18). 


Occasionally, the separation of 38-hydroxysterols from 3a-, 3- 
dehydro-, or other sterols is required. This report describes a 
method for effecting such fractionation using digitonide prepara- 
tions and lipophilic, highly cross-linked dextran gel' chromatogra- 
phy. The procedure involves precipitation of 3~-hydroxysterols as 
the digitonides. The digitonides, in solution, are applied to this 
column. using benzene-methanol (1:l) as the eluting solvent, 
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whereby the digitonides decompose and the components become 
separated at  the same time. The mother liquor from the digitonide 
preparation, containing excess digitonin and other sterols, can also 
be separated into its components using the same type of column. 


The procedure is especially suitable for heat-labile sterols, since 
a minimum of heat is utilized. This method is particularly suited 
for small amounts of materials but can be easily adapted to a larg- 
er scale. It can also be adapted to the isolation of the digitonin-like 
compounds by precipitation with cholesterol and subsequent frac- 
tionation. 


The procedure was first successfully tested on an artificial mix- 
ture of the cholesterol and progesterone. It was then applied with 
equal success to an experimental mixture of stigmasterol and 
A4*22-stigmastadien-3-one obtained from the oxidation of stigmast- 
erol. The oxidation of stigmasterol does not readily go to comple- 
tion, and the mixture cannot be completely separated by  recrystal- 
lization or column chromatography on silica gel. 


EXPERIMENTAL 


A4-22-Stigmastadien-3-one from Stigmaeterol-A4.22-Stig- 
mastadien-3-one was synthesized by the Oppenauer (19) oxidation 
process. Stigmasterol (2 g) was dissolved in a dry mixture of 30 ml 
benzene and 15 ml acetone with 8 g aluminum tert -butoxide, and 
the mixture was refluxed for 8 hr. Upon cooling, 4 ml of water was 
added, followed by 10 ml of 10% H2S04 with vigorous shaking and 
an additional 30 ml of water. The organic phase was removed, and 
the aqueous phase was reextracted with benzene. The benzene 
fractions were pooled, dried over anhydrous sodium sulfate, and 
concentrated in uacuo. 


The reaction products were tested on silica gel H plates using 
isopropyl ether-petroleum ether-acetic acid (70301) (20). The 
spots, when visualized by spraying with sulfuric acid and heating 
at 110’ for 10 min, indicated a A4s22-stigmastadien-3-one to stig- 
masterol ratio of about 31. The mixture was recrystallized once 
from ethanol before beingused for digitonide preparation. 


Preparation of Digitonide-The oxidation product (20 mg) 
was dissolved in 1 ml of hot 90% ethanol. To  this solution was 
added 4 ml of 1% digitonin in 9096 ethanol. The solution was con- 
centrated under nitrogen to 3 ml and cooled, and the crystals that 
formed (22 mg) were filtered. The mother liquor was then concen- 
trated to 1 ml and cooled to obtain a second crop of the digitonide. 
The combined stigmasterol digitonide obtained was recrystallized 
once from ethanol to obtain 16 mg of the product, which was used 
in the chromatography. 


The mother liquor was tested in TLC, using the system silica gel 
H plates with isopropyl ether-petroleum ether-acetic acid (7030 
1). A4*22-Stigmastadien-3-one and digitonin were detected with no 
trace of stigmasterol. 


Dextran Gel Chromatography-A column (130 X 2 cm) of 
lipophilic dextran gel1 was used for the fractionation of both the 
steroid digitonide and its mother liquor. A column was prepared 
using a slurry of the gel in benzene-methanol (l:l), eluting with 
the same solvent under a head of 150 cm at  a flow rate of 1.0 ml/ 
min, and collecting 5-ml fractions. Variation of flow rate between 
0.5 ml and 1.3 ml/min did not hinder the separation. The relative 
concentration of each fraction was determined by means of TLC 
on silica gel H plates with isopropyl ether-petroleum ether-acetic 
acid (70301). The relative concentrations were determined ac- 
cording to the size of each spot and density of the color obtained 
by spraying with 20% HzS04 and heating the plates at l l O o  for 10 
mm. 


Stigmasterol Digitonide-The digitonide, 10 mg, was dissolved 
in 1 ml of methanol-benzene (1:l) and applied to the described 
column. The digitonide simply decomposes on the column without 
the use of xylene, pyridine, acetic acid, or heat. In these investiga- 


Sephadex LH-20, Pharmacia Fine Chemicals, Inc., Piscataway, NJ 
08854 


tions, digitonin was eluted in fractions 57-63 with the peak in frac- 
tion 60, while stigmasterol was obtained in fractions 65-74 with 
the peak in fraction 70. 


The fractions containing stigmasterol were combined and evapo- 
rated to obtain stigmasterol, which was purified by recrystalliza- 
tion. Greater than 9096 of the initially chromatographed amounts 
of both products were routinely recovered by this procedure. Larg- 
er amounts of materials can be separated effectively using larger 
columns. 


Mother Liquor-The mother liquor was evaporated to dryness 
and dissolved in 1 ml of benzene-methanol (1:l). A 0.5-ml aliquot 
of this solution was applied to a dextran gel column. Digitonin was 
eluted in fractions 56-63 with the peak fraction at 61, while A4s2*- 
stigmastadien-3-one was obtained in fractions 63-78 with the peak 
fraction a t  68. 


The fractions containing only A4.22-stigmastadien-3-one were 
combined and evaporated in uacuo. The residue was recrystallized 
from ethanol to obtain A4*22-stigmastadien-3-one in a pure form 
(Rt  in TLC and mass spectroscopy). 
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THE ECONOMICS OF PUBLICATION 
A person does not need to venture further than the local supermarket to 


verify that the price of everything has been climbing at a fantastic rate. The 
economists tell us we have been caught in an “inflation spiral.” 


Well, as bad as the situation may be in the case of food prices and other 
commodities sold in the supermarket, printers and printing companies have 
been increasing prices to their clients at an even faster pace. This is the re- 
sult of all the customary factors, including labor, taxes, equipment, utilities, 
and so on, but it is especially due to one other; namely, the cost of paper 
stock. 


Anyone even remotely connected with the production of printed material 
has probably had the shocking experience during the past year or 80 of being 
told that the price of paper was increasing on a monthly or even a weekly 
basis. The overall result was that comparable paper stock ended up costing 
anywhere from double to four times as much as it did about a year earlier. 


And to add distressing insult to injury, paper supplies for a time were run- 
ning 90 short that the customer was told to feel fortunate in being able to get 
that supply of paper even at several times what it had cost just a year before. 
The combination of month-to-month paper shortages and week-to-week price 
increases explains why J.  Pharm. Sci. has been printed on several different 
types of paper stock over the past eighteen months. 


We are devoting our comments this month to a brief discussion of publica- 
tion costs primarily to inform the readership of the fact that the process of 
producing J.  Pharm. Sci. each month and putting it into the hands of our 
readers is a costly undertaking; and it is rapidly becoming more costly. 


Many people assume that income from publications represents a profita- 
ble activity for an association or society. For some few organizations this may 
be the case, but for most it is not. Specifically, it has been the policy of the 
American Pharmaceutical Association, as publisher of J.  Pharm. %.-and 
various other professional, technical, and scientific publications-to produce 
and make available such publications on essentially a self-sustaining basis; in 
fact, rates to members have often been set a t  a particularly low level requir- 
ing that they be subsidized from membership dues. 


All of this is rather evident from an inspection of the APhA financial 
statements. Although these statements are released and distributed each 
year-as in the case of most financial reports-they make awfully dull read- 
ing, and few people give them even a cursory examination. 


But if they did read these reports, they would note that J. Pharm. Sci. in- 
come has been growing modestly from $244,000 in 1972, to $260,000 in 1973, 
to $290,000 in 1974, and to $288,000 in 1975 (all figures rounded d d  latter 
figures estimated). 


Simultaneously, however, during this same period of modest income 
growth, direct expenses attributable to production of J .  Pharm. Sci. have 
grown by leaps and bounds from $265,000 in 1972, to $293,000 in 1973, to 
$322,000 in 1974, and to $370,000 in 1975. 


Without going into any great detail, two things are evident from these fig- 
ures; namely: 


(a) As the first observation, the APhA member subscriber pays only a 
small additional premium to receive this Journal, but a substantial propor- 
tion of his or her membership dues is allocated to support the Journal. A t  the 
current rate of total income resultingfrom subscription charges, page charges, 
advertising revenue, and reprint sales, APhA is providing a very substan- 
tial subsidy from membership dues-for 1975 this will amount to approxi- 
mately $82,000-in order to make J. Pharm. Sci. available. 


(b) As the second observation, we may look at how this “costlbenefit 
ratio” translates to each individual Journal recipient, whether the recipi- 
ent is a member subscriber, nonmember subscriber, or institutional sub- 
scriber. With an overall circulation of approximately 12,000 and an antici- 
pated 1975 production cost of $370,000, it is evident that the proportionate 
cost of simply providing the average subscriber with the Journal for a peri- 
od of one year is running just under $3l-and this figure of $31 is extreme- 
ly conservative since it does not include any overhead and similar types of 
occupancy expenses. 


Every clergyman tells his congregation something to the effect that: “I do 
not wish to talk about money, bu t . .  . .”.Similarly, we would also prefer to 
avoid doing so. However, we feel that these facts and figures will be revealing 
to our readers, and especially to our APhA member subscribers by acquaint- 
ing them more fully with one of their membership benefits. 


We also feel that these facts and figures will provide a better under- 
standing of why all associations, societies, and commercial publishers are se- 
riously reexamining their publication programs and in many cases are insti- 
tuting or a t  least considering radical changes in them. If the publishers of 
Life, Look, and the Saturday Evening Post had discerned the winds of 
change early enough and taken action in time to adjust to them, their demise 
may have been avoided, and these once-popular mass-circulation weekly 
magazines would probably have survived. By the same token, cumnt  trends 
and changing circumstances make it appear that technical and scientific 
periodicals will need to undergo some major changes in coming years if they 
are to survive and prosper. -EGF 








number of Swertia species (7), was reported to pro- 
duce tuberculostatic activity, although the degree of 
its activity was not reported (8). The Swertia plant 
extracts are also reputed for their therapeutic uses in 
the treatment of tuberculosis. 


The antitubercular activity of the total xanthones 
of C. decussata is particularly impressive because no 
adverse side effects were encountered. Also, no ob- 
vious toxicity was detected on prolonged administra- 
tion of the total xanthones (50 mg/kg ip to albino 
rats) daily for 4 weeks. 
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Improved Method for Microencapsulation of 
Soluble Pharmaceuticals 


Keyphrases 0 Nylon (formalin treated) gelatin microcapsules- 
preparation, physical properties Sulfathiazole sodium-mi- 
croencapsulation, dissolution Microencapsulation-soluble 
pharmaceuticals 


To the Editor: 


Interest in microencapsulation technology and its 
application to varied problems is increasing. In addi- 
tion to many nonpharmaceutical applications (l) ,  mi- 
croencapsulation has been utilized pharmaceutically 
to increase product stability, modify drug release, 
overcome drug incompatibility in formulations, and 
improve certain physical characteristics of formula- 
tions such as compressibility and flow (2). The tech- 
nology and applications of microencapsulation have 
been discussed in several monographs and reviews 
(1-6). However, as Luzzi stated (5), much of this in- 
formation is found in the patent literature and the 


Table I-Percent Sulfathiazole Sodium Released from 
Microcapsules” Prepared by the Formalin-Treated Nylon 
Gelatin Technique (Formula I) and with Nylon Alone 
(Formula 1 1 ) ~  in 0.1 N HCl and 0.1 M Acetate Buffer 
(PH 5.6) 


~~ 


Recoveriesd, % 
0.1 M Acetate Buffer 


0.1 N HC1 (PH 5.6) 


Minutes Formula I Formula I1 Formula I Formula I1 


2 
4 
8 
12 
16 
20 
30 
40 
50 
60 


120 


24 .5  
3 6 . 5  
5 1 . 5  
6 2 . 5  
73.0 
8 0 . 5  
9 2 . 0  
9 5 . 5  
9 7 . 5  
9 9 . 0  
- 


3 5 . 7  
5 6 . 1  
7 6 . 1  
8 7 . 5  
9 3 . 3  
9 6 . 7  
99.0 


100.6  
- 


4 . 3  
1 1 . 6  
2 2 . 3  
2 9 . 1  
3 4 . 1  
3 7 . 5  
4 5 . 1  
5 1 . 3  
5 7 . 0  
6 0 . 7  
7 7 . 3  


3 . 8  
6 . 5  


1 2 . 5  
1 7 . 5  
2 3 . 4  
2 6 . 7  
3 7 . 4  
4 6 . 9  
5 4 . 3  
5 9 . 9  
8 1 . 5  


a One hundred percent of unencapsulated gulfathiazole sodium passed into 
solution in less than 2 min in 0.1 N HCI and 0.1 M acetate buffer (pH 5.6). * Drug content, 21% (w/w). c Drug content, 49% (w/w). Average of dupli- 
cate assays upon the same batches. 


control and testing data essential for reproducibility 
are frequently lacking. 


Of interest is the work of Chang et  al. (7), in which 
enzymes in semipermeable microcapsules of nylon, 
collodion, and heparin-complexed collodion were 
prepared for potential use in enzyme replacement 
therapy. More recently, Luzzi et  al. (8) used a modi- 
fication of their technique (7) to encapsulate a water- 
soluble barbiturate in nylon. To prevent loss of the 
barbiturate from the nylon capsules, the microcap- 
sules were washed in chloroform prior to drying. 


The present communication outlines an improved 
method for microencapsulating soluble drugs. Nylon 
was used to coat a gelatin matrix containing the drug, 
and the resulting microcapsules were then hardened 
with formalin. Sulfathiazole sodium was used as the 
encapsulated drug. The concentration of reactants 
required to form nylon and the volume ratios of 
aqueous and organic solvents were the same as those 
reported by Chang et  al. (7). Gelatin USP (5 g) and 
sulfathiazole sodium (3 g) were dissolved in 60 ml of 
aqueous phase prior to the encapsulation step. After 
the nylon-coated capsules containing gelatin and sul- 
fathiazole sodium were formed, 20 ml of formalin 
(formaldehyde solution USP, 37%) was added to the 
total reaction volume (approximately 700 ml) and 
this mixture was gently stirred for an additional 10 
min. 


The capsules were allowed to stand at 5 O  for 24 hr 
to ensure that the hardening of the gelatin within the 
capsules was complete (9). The microcapsules were 
separated from the organic phase by vacuum filtra- 
tion and were then air dried at room temperature to 
remove formalin vapors, organic solvents, and water. 
Microcapsules passing through a 100-mesh screen 
were assayed for sulfathiazole sodium content (21% 
by weight) and used for dissolution studies. As con- 
trols, nylon microcapsules containing sulfathiazole 
sodium without gelatin were prepared using the same 
procedure (assay 49% by weight). 
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An approximation of the particle-size distributions 
for the two batches of microcapsules was determined 
using a light microscope and the calibrated counting 
field of a hemocytometer. The formalin-treated nylon 
gelatin microcapsules had an average diameter of 135 
bm with a range of 70-197 pm. The particles encap- 
sulated with nylon alone had an average diameter of 
98 bm with a range of 40-170 pm. 


Drug release characteristics of microcapsules con- 
taining 20 mg of drug were studied in 1500 ml of 0.1 
N HC1 and 0.1 M acetate buffer (pH 5.6). The disso- 
lution apparatus consisted of a 2000-ml, three- 
necked, round-bottom flask maintained at  37O. A 
polyethylene stirring blade (7.6-cm diameter) was 
vertically centered and lowered to a depth of 2 cm 
above the bottom of the flask. The stirrer was at- 
tached to a synchronous motor and rotated at  100 
rpm. The release of drug was followed spectrophoto- 
metrically at 280 nm for hydrochloric acid and a t  283 
nm for the acetate buffer. The reported data are the 
averages of duplicate runs on the same batch of ma- 
terial. 


As can be seen from Table I, the release of sulfona- 
mide in dilute acid from the nylon-coated and the 
formalin-treated nylon gelatin capsules was delayed 
only slightly. A greater retardant effect could be ex- 
pected at  the lower agitation rates used by Luzzi et  
al. (8), but it was felt that the stirring rate of 100 rpm 
provides results that are more realistic in terms of 
their release patterns. The release of drug from both 
nylon and formalin-treated nylon gelatin in acetate 
buffer at pH 5.6 is considerably slower than in dilute 
hydrochloric acid. A similar pattern of curves was 
also obtained in pH 7.6 phosphate buffer. As with di- 
lute acid, the release rates into 0.1 N NaOH from 
both types of microcapsules were rapid and complete. 
Since unencapsulated sulfathiazole sodium readily 
passed into solution in all media tested, the reason 
for the slower release rate at pH 5.6 and 7.6 is un- 
clear. Because several factors may be involved, fur- 
ther studies to  determine the mechanisms are being 
conducted. 


The microcapsules of formalin-treated nylon gela- 
tin displayed ideal physical characteristics for formu- 
lation purposes. They were gritty and dense and, be- 
cause of the nylon coating, they did not adhere to- 
gether. The capsules had excellent flow properties 
and could be made of very small diameter by control- 
ling the stirring speed during nylon formation. 


Nylon microcapsules of sulfathiazole sodium con- 
taining unhardened gelatin, various cellulose gums, 
proteins, alginates, and other carrier materials were 
generally difficult to separate. In addition, they did 
not possess the superior physical characteristics of 
the formalin-treated nylon gelatin capsules. 


Formalin-treated gelatin micropellets were pre- 
pared by Tanaka et  al. (10). Such pellets have been 
reported to have timed-release properties in humans 
(1 1). Gelatin micropellets containing sulfathiazole so- 
dium were prepared but showed poor flow properties 
even after several rinses in benzene. Thev tended to 


and Chang et al. (7), we have successfully encapsu- 
lated a water-soluble drug in formalin-treated nylon 
gelatin microcapsules. Various drug-gelatin ratios 
are currently being studied to optimize drug release 
and, alternatively, to sustain the release of soluble 
drugs. The effects of different conditions using for- 
malin are also being investigated. 
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Relationship between pH of 
Saliva and  pH of Urine 


Keyphrases pH-saliva and urine, relationship 0 Salivary 
pH-relationship to urinary pH 0 Urinary pH-relationship to 
salivary pH 


T o  the Editor: 


A number of drugs appear in significant concentra- 
tion in the saliva, and the ratio of their concentra- 
tions in saliva and plasma is relatively constant (1-7). 
It is feasible, therefore, to monitor the concentrations‘ 
of these drugs in plasma indirectly by determining 
their concentrations in saliva (8). This noninvasive, 
convenient, painless, and safe method of indirect 
plasma concentration monitoring is particularly use- 
ful for children and for out-patients regardless of age. 


Preliminary observations in this laboratory and by 
others1 indicate that the saliva-plasma concentration 
ratio of certain weak acids and bases may be affected 
by the pH of the saliva, apparently because, among ., 


adhere together and were difficult to wet. 
By combining the techniques of Tanaka et cd. (10) 1 J. R. Koup and W. J. Jusko. personal communication. 
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Drug Absorption VII: Influence of Mesenteric Blood 
Flow on Intestinal Drug Absorption in Dogs 


WILLIAM G. CROUTHAMEL =, LOUIS DIAMOND, LEWIS W. DITTERT, and 
JAMES T. DOLUISIO * 


Abstract D Intestinal absorption of sulfaethidole and haloperidol 
was determined using an in situ canine intestinal preparation. In- 
testinal absorption of sulfaethidole was determined a t  three or 
four mesenteric blood flow rates in each dog, ranging from unal- 
tered flow (100%) to no flow (0%). A relatively small change in ab- 
sorption rate occurred when the splanchnic blood flow rate was de- 
creased about 35%. Further reductions in mesenteric blood flow re- 
sulted in progressive impairment of sulfaethidole absorption. The 
simultaneous measurement of sulfaethidole intestinal disappear- 
ance and appearance in blood indicates that sulfaethidole disap- 
pearance is equivalent to absorption. Haloperidol absorption also 
decreased with decreased intestinal perfusion but differed from 
sulfaethidole in that membrane storage of haloperidol appeared to 
take place during its absorption. 


Keyphrases 0 Absorption, drug-influence of mesenteric blood 
flow on intestinal absorption of sulfaethidole and haloperidol, in 
situ canine intestinal preparation 0 Drug absorption-influence of 
mesenteric blood flow on intestinal absorption of sulfaethidole and 
haloperidol, in situ canine intestinal preparation Sulfaethidole- 
influence of mesenteric blood flow on intestinal absorption, in situ 
canine intestinal preparation Haloperidol-influence of mesen- 
teric blood flow on intestinal absorption, in situ canine intestinal 
preparation Blood flow, mesenteric-influence on intestinal ab- 
sorption of sulfaethidole and haloperidol, in situ canine intestinal 
preparation 


Interest in the influence of blood flow on the GI 
absorption rate of drugs was stimulated by the obser- 
vation (1) that periods of fasting greater than 17 hr in 
rats resulted in decreased rates of drug absorption. 
This decrease in absorption was accompanied by a 
concomitant blanching of the intestine, which be- 
came more pronounced with longer fasting periods. 
The observed changes appeared to be due to changes 
in intestinal blood perfusion (2). 


There are many documented cases of pathological 
conditions leading to decreased intestinal blood per- 
fusion. One study (3) showed that experimentally in- 
duced ventricular and supraventricular tachycardias 
can cause mean superior mesenteric blood flow to 
drop nearly 40%. Other investigators (4) reported 


that hemorrhagic necrosis, infarction, and gangrene 
of the intestinal tract secondary to decreased 
splanchnic perfusion may result from rapid tachycar- 
dia. A high association was reported (5) between con- 
gestive heart failure and nonobstructive intestinal 
ischemia. In one case, intestinal ischemia resulting 
from congestive heart failure produced digoxin mal- 
absorpion severe enough to make the patient’s clini- 
cal condition difficult to control (6). Intramuscular 
administration of digitoxin produced marked im- 
provement in the patient. These reports suggest that 
the absorption of vital drugs in patients with circula- 
tory pathology may be dangerously reduced. 


BACKGROUND 


It has long been known that heat and exercise produce a signifi- 
cant reduction in splanchnic blood flow (7-9). A study with five 
volunteers found that light exercise for 7-8 min decreased splanch- 
nic blood flow by 20% (8). A fall in hepatic and splanchnic blood 
flow, sometimes in excess of 80%. during severe exertion was clear- 
ly demonstrated (9). Thus, it is conceivable that drug absorption 
following three sets of tennis or during strenuous exercise on the 
job could be quite different from that encountered under more 
restful circumstances. In this regard, exercise in a hot environment 
significantly decreased the absorption of 3-0- methylglucose but 
not D-xylose (10). Thus, exercise or the lack of it during bioavail- 
ability studies (studies of drug product performance) could greatly 
influence the apparent availability and rate of absorption of the 
product. 


The interaction between the circulation and intestinal absorp- 
tion is complex; blood flow influences absorption, but the reverse 
also holds true. Digitalis has been shown to be a potent splanchnic 
vasoconstrictor, and cardiac glycosides have precipitated intestinal 
necrosis (11). A reduction in splanchnic blood flow of 3040% was 
found in human volunteers following a 0.25-mg dose of ouabain 
(12). The same effect appears to be true for digitalis (12). 


The use of oral contraceptives in women also appears to affect 
significantly the mesenteric blood flow. Numerous reports have 
appeared in the last 10 years (13-15) linking the use of oral contra- 
ceptives in women to decreased intestinal blood flow. Of 24 collect- 
ed cases of ischemic disease of the colon in younger persons, six 
were women taking oral contraceptives (13). The role of oral con- 
traceptives in vascular diseases is unclear, and possible associated 
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factors include alterations in the clotting mechanism, thickening of 
the vessel wall (16), and decreased blood flow (17). In some of the 
cases reported (14, 15), the clinical symptoms disappeared upon 
discontinuance of the medication but returned following its rein- 
stitution. Therefore, changes in splanchnic blood flow produced by 
one drug could significantly influence the rate of absorption of a 
concurrently administered drug. 


Despite the paucity of information available concerning the in- 
fluence of intestinal blood flow on drug absorption, several recent 
studies have appeared concerning this topic. Most of these studies 
dealt with the absorption of nutrients and entailed interruption of 
the circulation either by collection of the mesenteric venous blood 
or by excorporeal perfusion of the intestine. By far the most com- 
plete study was performed by Winne and coworkers (18, 19). in 
which intestinal blood flow was regulated by varying the rate of 
blood infusion through the jugular vein of the rat, with absorption 
being determined by mesenteric venous collection. These investi- 
gators found that the intestinal absorption of aminopyrine, antipy- 
rine, benzoic acid, salicylic acid, and ethanol was dependent on in- 
testinal blood flow while ribitol was independent of blood flow (18, 
19). These investigators also demonstrated the influence of blood 
flow on intestinal water flux (20) and on the absorption of an ac- 
tively absorbed amino acid, phenylalanine (21). 


A study of the absorption and metabolism of salicylamide in the 
rabbit found both of these processes to be profoundly influenced 
by intestinal blood flow (22). In an interesting study (23), partial 
ligation of the canine superior mesenteric artery in uioo resulted in 
the induction of a chronic malabsorption state characterized by 
decreased absorption of D-xylose and triolein. The intestinal ab- 
sorption of the cardiac glycosides digitoxin and digoxin in the 
guinea pig was strongly dependent on portal blood flow (24). Wil- 
liams et al. (10) reported that the absorption of glucose and xylose 
was significantly reduced when mesenteric blood perfusion via a 
pump was reduced 50%. 


This report discusses in detail studies of the effects of an in- 
duced reduction in mesenteric blood flow on the rates of absorp- 
tion of sulfaethidole and haloperidol from the lumen of intestinal 
loops, in situ, in the anesthetized dog. 


EXPERIMENTAL 


Test Animals-Mongrel dogs of either sex, 10-19 kg, were ren- 
dered free of parasites and held under the care of a veterinarian for 
24 days prior to use. All animals were fasted for 16 hr prior to sur- 
gery, with water freely available. 


Surgical Preparation-General anesthesia was induced 1 hr 
prior to surgery with 0.6 ml/kg iv allobarbital-urethan' (100 mg of 
allobarbital and 400 mg of urethan/ml). If additional anesthesia 
was needed during the surgical procedure, the animal received 
one-fourth to one-half of the initial anesthetizing dose. Following 
the onset of anesthesia, an endotracheal tube was inserted. Respi- 
ration was normally spontaneous and rhythmical but was support- 
ed mechanically when necessary. 


A polyethylene catheter was inserted into the femoral artery to 
monitor arterial pressure. A venous catheter was inserted into the 
vena cava uia the femoral vein for the removal of blood samples 
and administration of drugs or replacement solutions. Core body 
temperature was monitored rectally and maintained constant with 
a heating pad directly under the animal. Arterial blood pressure 
was measured using a linear core pressure transducer and recorded 
by a direct writing polygraph. Mean arterial blood pressure was 
normally maintained above 80 mm Hg. When mean arterial blood 
pressure dropped below this value for a significant period, the ex- 
periment was terminated and the animal was sacrificed. In cases 
where blood specimens were taken, blood volume was replaced 
with saline or dextran solution. This amount was usually 7% or less 
of total blood volume. 


Implantation of Blood Flow Probe-Following a midline la- 
poratomy, the entire small intestine was gently removed from the 
abdominal cavity, with care being taken not to disturb intestinal 
blood flow. The intestine was kept moist and warm during the re- 
mainder of the procedure. The superior mesenteric artery, the only 
source of blood in the section of the intestine used, was exposed 


from its origin at  the aorta to the first branch, and a 3- or 4-mm 
noncannulating electromagnetic flow transducer* was then placed 
on the exposed artery proximal to any of its branches. The trans- 
ducer was connected to a gated sign wave electromagnetic flowme- 
te$ for determination of blood flow. A hydraulic blood vessel oc- 
clude@ was placed distal to the transducer. 


This arrangement allowed blood flow to the intestines to be re- 
duced as needed and allowed constant monitoring of the flow rate. 
The intestines were then gently returned to the peritoneal cavity. 
Normally this entire isolation and implantation procedure took no 
more than 20 min. Following its completion, the abdomen was 
closed and a 1-hr stabilization period was allowed. 


Preparation of Intestinal Absorption Loop-Following the 
1-hr stabilization period, part of the small intestine was again ex- 
posed and the ligament of Treitz was visualized. An incision in the 
jejunum 30.5 cm (12 in.) distal to the ligament of Treitz was made, 
and a second incision was made 30.5 cm (12 in.) distal to the first. 
The incisions were made on the side of jejunum opposite the mes- 
enteric attachment, and care was taken to reduce bleeding as much 
as possible. Two polyethylene cannulas with inflatable rubber tra- 
cheal cuffs slipped over the intestinal ends were inserted into the 
incisions and ligated in place. The tracheal cuffs were then inflated 
to prevent movement of the cannulas. 


Care was taken during the entire surgical procedure to keep 
trauma to the intestine a t  a minimum. The intestine was returned 
to the abdominal cavity, covered with gauze, and allowed to recov- 
er for several minutes. In studies in which blood flow was altered, 
two or three additional intestinal segments were measured distally 
from the first and prepared in a similar fashion. 


Determination of Drug Absorption Rates from Intestinal 
Loops-Following the attachment of a 60-ml syringe barrel to 
each cannula, perfusion fluid (25) warmed to 37O was slowly 
passed through the cannulated segment until the effluent was 
clear. Several aliquots of drug solutions (2.7 ghiter sulfaethidole or 
0.7 gfliter haloperidol buffered to pH 6.0 with 0.14 M phosphate 
buffer and adjusted to isotonicity with sodium chloride) were 
passed through the cannulated intestinal segment and removed. 
Following this washing, 30 ml of fresh drug solution was intro- 
duced into the segment. Serial samples of 0.5 ml were removed as 
needed and assayed for sulfaethidole as described by Bratton and 
Marshall (26) or for haloperidol as described previously (25). Ve- 
nous blood samples were obtained as needed and assayed for sul- 
faethidole (26). 


In experiments where absorption was determined only at  the 
control blood flow rate, a single jejunal segment was used in each 
dog. In experiments where blood flow was altered, a total of three 
or four jejunal segments was studied in each dog. A t  the end of a 
study on a given jejunal segment, the remaining drug solution was 
washed out of the lumen with perfusion solution, the cannulas 
were removed, and another jejunal segment was prepared immedi- 
ately distal to the preceding segment. 


Determination of Mesenteric Blood Flow Rate during Drug 
Absorption-To determine absolute blood flow rates, a standard 
curve was constructed each day by perfusing the transducer with 
known flow rates of saline. After implantation of the transducer, i t  
was also necessary to close completely the hydraulic occluder on 
the mesenteric artery to obtain a transient recording of zero flow. 


When several flow rates were to be studied in the same animal, 
unrestricted blood flow (100% of control) was measured and uti- 
lized for the first jejunal segment. Then flow rates of approximate- 
ly 65,35, and 0% of control were created by adjusting the hydraulic 
occluder, and subsequent segments were studied. Following each 
reduction in blood flow rate, several minutes was allowed for the 
animal to reequilibrate a t  the new condition before the absorption 
rate study was begun. 


Although the intestinal blood flow was generally constant over 
the absorption period, small fluctuations did occur in a few cases. 
The flow rates reported are the actual observed mean flow rates 
rather than predetermined values. 


Pharmacokinetics of Sulfaethidole in  Anesthetized Dogs 
following Intravenous Administration-The animals were pre- 


Dial-Urethane, Ciba Laboratories. 


Medicon model Q-2030A, Medicon Instruments, Loa Angeles, Calif. 


Model VO-3, In Vivo Metric System, Los Angeles, Calif. 


3 Medicon microflow model K 2000, Medicon Instruments, Los Angeles, 
Calif. 
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Figure 1-Physiograph tracing of mesenteric blood flow and 
arterial blood pressure. Horizontal lines on right side of figure 
are the mean values. Tracings on left and center of figure are 
pulsatile values. 


pared in exactly the same way as already described except that iso- 
tonic buffer instead of drug solution was placed in the jejunal seg- 
ments. An intravenous bolus injection of either 350 or 500 mg of 
suifaethidole dissolved in isotonic saline was administered to each 
dog, and the concentration in blood at various times postadminis- 
tration was determined by the method of Bratton and Marshall 
(26). The buffer in the jejunal lumen was also analyzed for sul- 
faethidole. 


Pharmacokinetic Evaluation of Sulfaethidole Data-Phar- 
macokinetic analysis of sulfaethidole blood levels following intra- 
venous and intestinal administration was accomplished using the 
SAAM25 program5 (27). This program uses the differential equa- 
tions implied by the compartmental model chosen and adjusts the 
model parameters until the best least-squares fit to the experimen- 
tal result+ is obtained. In this case, computer fitting took place be- 
tween the theoretical calculated levels of sulfaethidole in the blood 
compartment and the experimentally determined sulfaethidole 
blood levels using the two-compartment open model (Scheme I). 


drug eliminated 


Scheme I 
The rate constant k, is the rate constant for absorption, k12 is 


the rate constant for transfer from the blood to the tissue compart- 
ment, kzl  is the rate constant for transfer from the tissue compart- 
ment to the blood compartment, and k.1 is the rate constant for 
elimination. Assumptions made in using this program include the 
assumption of approximate first-order kinetics for the transfer of 
drug between compartments and the assumption of constancy of 
the values of the rate constants and apparent volumes of the com- 
partments during the experiment. The computer, in fitting the 
data to the theoretical curve, calculates the amount of drug in the 
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Figure %-Intestinal disappearance of sulfaethidole in Dog 
30 at 100 (O) ,  64 (O), 35 (u), and 0 (0) % of control blood 
flow. Corresponding half-lives are 0.60, 0.626, 1.01, and 1.73 
hr, respectively. 


5 On an IBM 360-75 computer. 
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Figure 3-Relationship between the absorption rate constant, 
k,, and superior mesenteric blood flow. Each point represents 
one intestinal absorption experiment at one blood flow. Data 
are from Table I .  


various compartments of the model. Thus, it is possible to estimate 
from the blood level data the amount of sulfaethidole remaining 
unabsorbed from the intestinal compartment as a function of time 
following an intestinal dose of the drug. All data analyzed by the 
computer were individual data, but good agreement was found be- 
tween average blood concentrations and theoretical curves predict- 
ed from the average of the individual rate constants. Initial esti- 
mates of the rate constants were determined by graphical analysis 
of the data. 


The SAAM25 program can also be used as a digital analog com- 
puter by locking the rate constants and the volume of distribution 
into the program and using it to predict blood level profiles based 
on these values. In experiments where multiple doses of sulfaethi- 
dole were given, the rate constants and the volume of distribution 
for all processes except absorption were locked in. The rate con- 
stant for absorption was adjusted in conjunction with the observed 
absorption rate, and the calculated blood level curve was deter- 
mined for each absorption period. 


RESULTS AND DISCUSSION 


Intestinal Absorption of Sulfaethidole-Superior mesenteric 
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Figure 4-Relationship between the percent change in the 
absorption rate constant, k,, and the percent change in mesen- 
teric blood flow. Data are from Table I .  







Table I-Comparison of Mesenteric Blood Flow a n d  Sulfaethidole Absorption 


Blood Flow Sulfaethidole Absorption 


% % 
Experi- Change in Change Half-Life, 


Dog ment  ml/min ml/min/kg % Flow Flow k,a, hr-1 in k ,  hr 


13 1 165 12.0 100 0 0.924 0 0.750 
2 85 6 .2  50 48 0.660 29 1.05 
3 113 8 .2  68 32 0.848 8 0.817 


14 1 248 20.2 100 0 1.188 
2 126 10.2 51 49 0.650 
3 68 5 .5  27 73 0,392 
4 0 0 0 100 0.267 


15 1 116 11.6 100 0 1.599 
2 71 7 . 1  61 39 1.014 
3 0 0 0 100 0.371 


17 1 210 12.8 100 0 1.599 
2 141 8.6 67 33 1.363 
3 72 4.4 34 66 0.611 
4 0 0 0 100 0.291 


20 1 112 9 . 8  100 0 0.924 
2 68 6.0 67 33 0.885 
3 22 1 . 9  28 72 0.520 
4 0 0 0 100 0.310 


21 1 122 7 .9  100 0 1.260 ~ ~ - 
2 82 5 . 3  67 33 i ,155 
3 37 2.4 28 72 0.297 
4 0 0 0 100 0.222 


0 0.583 
45 1.067 
67 1.767 
78 2.60 
0 0.433 


37 0.680 
77 1.867 
0 0.433 


15 0.508 
62 1.133 
82 2.383 
0 0.750 
4 0.783 


44 1.333 
67 2.233 
0 0.550 s 0,600 


76 2.333 
82 3.116 


29 1 241 15.6 100 0 1.624 0 0.427 
2 162 10.5 67 33 1.464 10 0.473 
3 
4 


87 
0 


30 1 159 
2 107 
3 56 
4 0 


34 1 160 
2 102 
3 42 
4 0 


5 .6  
0 
8 .5  
5 .8  
3.0 
0 


16.0 
10.2 
4.2 
0 


36 
0 


64 
100 


1.308 
0.571 


20 0.530 
65 1.213 


100 0 1.155 0 0.600 
64 36 1.106 4 0.626 
35 65 0.687 41 1.008 
0 100 0.400 65 1.733 


100 0 2.445 0 0.280 
64 36 1.124 54 0.617 
26 74 0.736 70 0.942 
0 100 0.310 87 2.33 


a ha = absorption rate constant. 


blood flow rates were monitored during the entire experiment; a 
typical recording of mesenteric blood flow is shown in Fig. 1. Al- 
though very little fluctuation generally occurred, the blood flow 
rates reported in Table I are the average flow rates recorded over 
the entire absorption experiment. The observed control blood flow 
rates found here compare favorably with those reported in the lit- 
erature. Mean superior mesenteric blood flow rates of 12.7 f 4.0 
ml/min/kg (mean f SD) (listed individually in Table I) compare 
closely to the 14.7 f 4.0 ml/min/kg (mean + SD) reported (28) for 
fasted, nonanesthetized dogs with chronically implanted flow 
probes. 


Absorption of sulfaethidole appeared to follow first-order kinet- 
ics a t  all blood flow rates studied. Figure 2 shows typical intestinal 
disappearance curves for four different blood flow rates in a single 
dog (Dog 30). Absorption half-lives of 0.60, 0.626, 1.01, and 1.73 hr 
were found for mesenteric blood flow rates of 100,64,35, and 0% of 
control flow, respectively. Similar results for eight additional dogs 
are listed in Table I. The data are plotted in Fig. 3 as the absorp- 
tion rate constant, k,, versus the percent of control blood flow and 
in Fig. 4 as the percent change in the absorption rate constant ver- 
sus the percent change in mesenteric flow. The scatter in the data 
reflects the animal to animal variation due to using mongrel dogs 
of various weights, ages, and sexes. 


The results suggest that the rate of intestinal absorption of sul- 
faethidole is not linearly related to the rate of mesenteric blood 
perfusion. A decrease of about 35% in perfusion rate caused a rela- 
tively small decrease in intestinal absorption rate. Following this 
initial period, the absorption rate appeared to decline linearly with 
decreasing perfusion rate until reaching approximately 30% of con- 
trol flow, where the curve again became nonlinear. There was no 
statistically significant difference ( p  1 0.05) between the absorp- 
tion rate constants found at 100% blood flow and those at  61-74% 
blood flow. However, there was a statistically significant difference 
between the absorption rate constants obtained at  61-74% and 


2636% blood flow ( p  5 0.01) and between 26-36% and zero blood 
flow ( p  50.05).  


The terminal nonlinearity in Figs. 3 and 4 is most likely not di- 
rectly related to mesenteric blood flow since the linear portion of 
the curve in Fig. 3 can be extrapolated to approximately zero ab- 
sorption rate a t  zero blood flow. Although it is generally assumed 
for most drugs that transfer from the intestine into the general cir- 
culation by routes other than transport by mesenteric blood is 
minimal (29), it is possible that alternative pathways became more 


I 
0 1 2 3 4 5 


HOURS 


Figure 6-Mean sulfaethidole blood levels following intra- 
venous administration of 500 mg in three dogs. The circles (e) 
represent experimental data points, and the line represents the 
SAAM25 computer-fit curve based on the two-compartment 
open model. The rate constants used to draw this line are the 
means of individual fits found in Table I I .  
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Table 11-Rate Constants  following Intravenous Sulfaethidole Administrationa 


Dog V,, liters V,,L,, liters h]?, hr-' kZl,  hr he( ,  hr-'  


350-mg Dose 
23 3 23 0 222 3 32 1 41 0 209 
24 5 92 0 362 2 52 1 94 0 349 
25 5 62 0 413 2 32 2 67 0 329 


Mean 4-93 0 332 2 72 2 01 0 x 6  
SD i l  49 0 099 0 53 0 63 0 076 


~ ~ - 


40 
41 
48 


8.93 
6 .58  
5 . 9 2  


~~~ 


M e a n  7 . 1 4  
SD 3~1.58 


500-mg Dose 
0.633 0.706 
0.603 0.722 
0.290 2 .64  
0 .509  
0.190 


1 1  36- 
1.11 


1.281 
1.346 
3.06 
1.89 
1 . 0 1  


0.249 
0.540 
0.217 
0 .335  
0.178 


~~ 


'1 See Scheme I for exphination of hrniinulogy. 


important under the conditions of low blood flow or no blood flow. 
The most likely explanation for this absorption a t  zero blood flow 
relates to drainage of the intestines by the lymphatic system, al- 
though other possible mechanisms have not been ruled out. In this 
regard, DeMarco and Levine (29) found that a significant amount 
(20%) of p-aminosalicylic acid was transported by the lymphatic 
system when the intestinal blood flow was reduced to zero, and 
Williams et al. (10) reported that approximately 27% of control D- 
xylose absorption occurred a t  zero blood flow. This value compares 
favorably with the 27% of control sulfaethidole absorption found in 
this study a t  zero blood flow. 


Implantation of the flow probe appeared to have little effect on 
the intestinal absorption rate. Half-lives for intestinal absorption 
in a single dog before and after implantation of the flow probe 
were 0.54 and 0.58 hr, respectively. Intestinal viability a t  most 
blood flow rates did not appear to be a problem during the time 
period covered by the experiment. Identical absorption half-lives 
of 0.63 hr were found for two repetitive absorption experiments 
carried out in the same intestinal segment. In another experiment 
in which blood flow was decreased and then later increased, ab- 
sorption half-lives of 0.75, 1.05, and 0.82 hr were found for blood 
flow rates of 100, 50, and 68%, respectively. 


Little difference in absorption rate was found between the four 
intestinal segments used. For example, absorption half-lives of 
0.45,0.45, and 0.49 hr were found in intestinal segments 1,3 ,  and 4, 
respectively, in one dog with unaltered blood flow. These results 
are in agreement with other data from these studies indicating that 
no change occurred in the intrinsic intestinal absorption capacity 
or in jejunal viability with decreased blood flow. 


Pharmacokinetics of Sulfaethidole a f t e r  Intravenous Ad- 
ministration-The pharmacokinetic profile of sulfaethidole was 


0 1 2 3 4 5 
HOURS 


Figure d----Bloorl concentration of sulfaethidole following in- 
testinal administration. in Dog 37. The line represents the 
computer-calculated blood concentrations, and the circles (0) 
represent experiinental data points. Rate constants used in 
generating the curve are listed in Table IZI. I n  the inset, the 
open circles represent the experimentally determined fraction 
of sulfaethidole unabsorbed from the intestine and the line repre- 
sents the computer-predicted values based on the blood concen- 
trations in this dog. 


characterized by intravenous and intestinal administrations under 
normal intestinal blood flow and by intestinal administration 
under decreased blood perfusion. Individual blood concentration- 
time profiles following intravenous administration of 350- and 
500-mg doses of sulfaethidole were fit to the two-compartment 
open model (Scheme I) using the SAAM25 program (27). The rate 
constants k12, k z l ,  and kel and the volume of distribution, V,, for 
the intravenous data are shown in Table 11. No significant dif€er- 
ence ( p  t 0.05) in the rate constants was found between the 350- 
and 500-mg doses. 


Figure 5 shows the results for the 500-mg dose where the data 
points are the mean blood levels for three dogs and the line is the 
computer-estimated blood level based on the average of the indi- 
vidual rate constants for the three dogs (Table 11). The data ap- 
pear to be well described by the two-compartment open model. In 
the case of sulfaethidole, the intestine does not appear to be a pref- 
erential volume of distribution, as has been indicated for some 
other drugs. Prior to the intravenous injection of sulfaethidole, an 
intestinal segment similar to the one used in the absorption experi- 
ment was prepared but filled with buffer rather than drug solu- 
tion. Less than 5% of the injected dose returned to the intestine 
during the experiment, with sulfaethidole intestinal levels consis- 
tently below blood levels. 


Pharmacokinetics of Sulfaethidole a f t e r  Intestinal Admin- 
istration-Control Blood Flow-In the described experiments, 
disappearance from the intestine rather than absorption (i.e., ap- 
pearance in blood) was measured. To show that the disappearance 
rates determined in these experiments were equivalent to the ab- 
sorption rates, sulfaethidole was administered to 10 dogs by a sin- 
gle in situ jejunal segment prepared as described in the Experi- 
mental section. Disappearance of sulfaethidole from the intestine 
as well as appearance in blood was determined; individual blood 
concentration-time data following sulfaethidole administration 
were analyzed by the SAAM25 program (27) using the two-com- 
partment open model. Initial estimates of the rate constants were 


0 1 2 3 4 5 
HOURS 


Figure 7-Mean blood levels of sulfaethidole in  10 dogs fol- 
lowing intestinal administration. The bars represent standard 
errors of the mean. The line represents the computer-calculated 
blood concentrations based on the mean rate constants (Table 
111) for  these 10 dogs. 
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Table 111-Calculated and  Observed R a t e  Constants for Sulfaethidole following Intestinal Administration" 


Sum of 
Squares, 
x 10 ' 


ha (calc), ha (obs), 
Dog V,, liters V p i k a ,  liters h12, hr-l k ~ ,  hr-I k i ,  h r - '  hr h r  - I  


28 6.25 0.431 3 .63  0.569 0.103 0.980 0.950 0.0017 
37 1 .35  0.123 2 .58  0.716 0.751 0.699 0.690 0.035 
39 3.55 0.300 3 .20  0 .  a93 0,570 1.280 1.07 0.014 
42 0.606 0 041 1 98 0 000 0 909 0 217 0 38.5 0 042 . . . __. ~ ~~ 


43 3.33 0,272 0.543 0,222 0.373 0 .  a53 0.790 0,480 
44 2.39 0.128 1 .43  3.050 0.975 2.050 1.88 0.120 
45 2.30 0.120 0.949 1,220 0,900 1.000 0 .  885 0.062 
46 2.10 0.121 1 .39  0.443 0.798 1.280 1.070 0.077 
47 2.53 0.164 1 .78  1.030 0.379 1 ,350  1.150 0.220 


0 .  a50 0.730 0.690 49 
Mean 2 .58  0.180 1.98 0.910 0.626 1 .05  0.960 
S D  f 1.56  0.117 0.973 0.841 0.286 0.482 0.394 


~ ~ ~ ~~ 


1.47 0.104 2.35 0.964 0.506 _ _  


See Scheme I for explanation of terminology. 


obtained from the intravenous data. Typical data showing how the 
observed blood concentration-time profile is used to calculate the 
absorption rate in a single dog (Dog 37) are shown in Fig. 6. The 
rate constants calculated in this fit are found in Table 111. The 
solid line indicates the SAAM25 estimated least-squares regression 
fit. The inset in this figure shows as the data points the observed 
intestinal disappearance rate with the solid line indicating the dis- 
appearance rate estimated by SAAM25 from the blood concentra- 
tion-time data in this figure. Observed and calculated absorption 
half-lives of 0.99 and 1.0 hr, respectively, were found. The rate 
constants obtained by a similar treatment for nine additional dogs 
are shown in Table 111. 


Figures 7 and 8 show this same general relationship for all 10 
dogs studied. In Fig. 7 the data points are the average blood levels 
for the 10 dogs and the solid line represents the blood levels gener- 
ated by the SAAM25 program from the average of the individual 
rate constants for these dogs (Table 111). Figure 8 compares the av- 
erage observed fraction of the dose remaining unabsorbed in the 
jejunum with a line with a slope corresponding to the average ab- 
sorption rate constant estimated by fitting with SAAM25 the indi- 
vidual blood concentration-time data in the 10 dogs. The observed 
and calculated absorption half-lives were 0.72 and 0.66 hr, respec- 
tively, which were not significantly different ( p  2 0.05). This excel- 
lent agreement between observed intestinal disappearance rates 
and absorption rates calculated from blood level data indicates 
that disappearance of sulfaethidole from the intestine is equiva- 
lent to absorption into the systemic circulation under the experi- 
mental conditions. It also indicates that the method of calculation 
yields results that truely reflect events in the GI lumen. 


Two of the 10 dogs listed in Table 111, Dogs 42 and 44, showed 
unusual absorption profiles. Although the reason for these-unusual 
absorption rates was not determined, the SAAM25 program esti- 
mated the absorption rates fairly accurately from the blood level 
data. This further substantiates the validity of this method. 
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Figure 8-Comparison of the fraction o f  sulfaethidole un- 
absorbed from the intestine and that predicted by SAAM25 
from blood concentrations. The points represent the mean of 10 
dogs (Table 111), and the line represents the computer-cal- 
culated fraction based on the average rate constants (Table 111) 
for the 10 dogs. 


Reduced Blood Perfusion-To verify that the kinetics of sul- 
faethidole described previously are valid in the experiments in- 
volving artificial reduction in blood flow and repeated administra- 
tion of drug, the observed blood concentration-time profile in in- 
dividual dogs was ccmpared with that predicted by the SAAM25 
program with the two-compartment open model. Therefore, the 
blood level data following the first administration of sulfaethidole 
(control blood flow) were fit by SAAM25, using the average rate 
constants from Table I11 as initial estimates. These calculated rate 
constants were then fixed and only the absorption rate corre- 
sponding to the disappearance of sulfaethidole from the jejunal 
segments at each blood flow rate was varied to generate the blood 
concentration-time profiles for all four absorption experiments in 
each dog. The results of this treatment for Dog 29 are shown in 
Fig. 9, where the data points are the observed blood levels and the 
continuous line represents the SAAM25 estimated blood levels 
based on the intestinal disappearance data at each blood flow. The 
generally good agreement here indicates that the same relationship 
described previously between intestinal disappearance and absorp- 
tion holds even at decreased blood flow rates, and it also confirms 
that the pharmacokinetic model is accurately reflecting both dis- 
position of the drug and absorption behavior from the jejunal loop. 


In the last absorption experiment (IV) in Fig. 9, an increase in 
the blood level is apparent even though there is no mesenteric 
blood flow. In the SAAM25 prediction of the blood levels a t  zero 
flow, the observed intestinal disappearance rate constant (k, = 
0.571 hr-l) resulted in a much better fit of the data than a rate 
constant of zero and is the one used in this figure. This observation 
is in agreement with the observed disappearance data a t  no flow in 
the previous experiments, reinforcing the concept that some sul- 
faethidole absorption does take place when no mesenteric blood 
flow is present. 


Haloperidol Absorption in Reduced Intestinal Blood Perfu- 
sion-Sulfaethidole appears to be absorbed by passive diffusion of 
both ionized and nonionized drug species (31), but it probably has 
very little potential for membrane storage as described by Doluisio 
et al. (30). On the other hand, haloperidol has been shown to have 
a potential for membrane storage (30), and it was of interest to de- 
termine how this property might affect its absorption at decreased 


0 1 2 3 4 
HOURS 


Figure 9-Blood levels of sulfaethidole for Dog 29 under 
100 ( I ) ,  65 (11), 35 (IIZ), and 0 ( IV)  % flow. The circles in- 
dicate experimental data points, and the line represents the 
computer-estimated blood concentrations based on the intestinal 
disappearance rate constants for Dog 29 as described in the 
text. The arrows indicate when each dose was administered; 
kl, = 1.44 hr- l ,  kZl = 1.34 hr-1, k,l = 1.26 hr-', and V, = 
2.30 liters. 
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Figure 10-Disappearance of haloperidol f rom the intestinal 
lumen at 100 ( I ) ,  70 (11), 37 ( I I I ) ,  and 0 ( IV)  % flow. 


blood flow. The methodology used was similar to that of the previ- 
ous studies with sulfaethidole, and the results are shown in Fig. 10. 
Blood levels of haloperidol were not measured because they were 
much too low for accurate determination. Disappearance of halo- 
peridol from the intestine was linear at blood flow rates of 100 and 
70% of control but became biphasic at lower rates of mesenteric 
blood flow. This finding suggests that not only the rate of intesti- 
nal disappearance of haloperidol changes with decreased blood 
perfusion but that a change in the absorption characteristics also 
occurs. The change may be due to the mechanism of absorption of 
haloperidol which appears to involve two steps: (a) transfer of 
haloperidol from the intestinal solution into the membrane (i.e.,  
membrane storage) and (b) transfer of haloperidol from the mem- 
brane into blood. 


Thus, at higher rates of blood flow, i .e.,  above 70% of control, 
transfer from the intestinal solution into the membrane would be 
the slower or rate-limiting step and would determine the overall 
rate of disappearance from the intestine. As blood flow decreases 
below 70% of control, however, the transfer of haloperidol from the 
membrane to blood becomes rate limiting; following the initial 
partitioning into the membrane, the rate of disappearance from 
the intestine is determined by the membrane to blood transfer 
rate. This hypothesis is strengthened by the observation that the 
initial rate of disappearance of haloperidol from the intestine re- 
mains relatively constant with decreasing blood flow while the 
later biphasic part of the curve appears to decrease with decreas- 
ing blood flow (Fig. 10). This was particularly apparent in the last 
absorption experiment where no blood flow was present, and the 
terminal biphasic tail of the curve is nearly flat. Membrane storage 
of the amino acid phenylalanine at several blood flow rates has 
been reported (21). In these experiments (21), disappearance from 
the lumen did not equal appearance in the blood and a computer 
program assuming a disappearance rate equal to an appearance 
rate did not converge. 


CONCLUSION 


The absorption rate of sulfaethidole is reduced by a reduction in 
mesenteric blood flow to the intestines. This effect does not appear 


to be linear. For reductions in intestinal perfusion of about 3096, a 
relatively small decrease in the intestinal absorption rate occurs. 
Changes greater than a 30% reduction in intestinal perfusion result 
in decreased rates of drug absorption. Measurement of sulfaethi- 
dole disappearance from the intestine and appearance in blood in- 
dicates that disappearance from the intestine is equivalent to ab- 
sorption into the circulation. Haloperidol disappearance from the 
dog jejunal lumen occurs by a two-stage process, and a large 
amount of haloperidol appears to accumulate in the membrane 
during absorption. 


Abnormal intestinal blood flow rates may be the result of patho- 
logical conditions, strenuous exercise, or the presence of other 
drugs. Changes in the intestinal blood flow rate during therapy 
could result in the increased or decreased potency of certain vital 
drugs. Decreased blood flow rates in certain pathological condi- 
tions could be responsible for therapeutic failures of some drugs, 
and differences in exercise or bedrest could be responsible for dif- 
ferences among subjects or poor performance of certain drug prod- 
ucts in bioavailability studies. 
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In Viuo Method for Monitoring Polysorbate 85 Effect on 
Epidermal Permeability 


KEVIN J. RYAN andMICHAEL MEZEI” 


Abstract 0 An in uiuo method of monitoring the rate of water de- 
sorption from human forearms, using “dry” nitrogen gas passed 
over approximately 1 cm2 of skin was investigated with the aid of a 
commercial electrolytic moisture analyzer. The assembled appara- 
tus was used to evaluate the differences in water loss rates from 
treated and untreated (control) forearms following surfactant ap- 
plication. The changes in the differences were also monitored after 
cessation of treatment, i.e., during the healing process. The appa- 
ratus provided an accurate, rapid, and painless method of monitor- 
ing relative water loss rates and, as such, could prove a useful tool 
in routine testing in experimental dermatology and cosmetology. 
The results confirm the earlier finding from an in uitro method 
with excised rabbit skin that the tested surfactant increases the 
permeability of the epidermis. 


Keyphrases Permeability, epidermal-in uiuo method for mon- 
itoring effect of polysorbate 85, relative water loss rates Epider- 
mis-permeability, in uiuo method for monitoring effect of poly- 
sorbate 85, treated and untreated human epidermis 0 Polysorbate 
85-effect on epidermal permeability, in uiuo method for deter- 
mining relative water loss rates 0 Water loss rates-human epi- 
dermis, in uiuo method 


An in vitro method (1) proved satisfactory for 
quantitating the water content and rate of water de- 
sorption from 1.0-cm2 samples of excised rabbit skin. 
The method could be applied to human skin; how- 
ever, the excision of the skin sample, although virtu- 
ally painless, is not readily accepted by most human 
subjects. In addition, an in vitro method can monitor 
the desorption of only a finite amount of water and 
may be, at best, unpredictably extrapolatable to the 
in situ conditions where the supply of water is essen- 
tially inexhaustible. 


It is well known (2-8) that surfactants generally in- 
crease the permeability of the skin, which can easily 
be studied by measuring the rate of the transepider- 
ma1 water loss. Accurate quantitative in vivo mea- 
surements from human forearms have been reported 
(9-13). The actual water loss under defined condi- 
tions has been determined for areas as small as 0.1 


mm2, although at least 1 
mum area considered “a 
forearm skin generally” 


mm2 should be the mini- 
representative sample for 
(12). These Quantitative 


methods required considerable effort to minimize the 
instrumental baseline. The purpose of this study was 
to design a relative method that requires less strin- 
gent ambient and instrumental manipulation and, 
therefore, is more practical and rapid. 


EXPERIMENT A L 


An electrolytic moisture analyzer’ provided the nucleus for the 
assembled apparatus. The “heart” of the instrument is a horizon- 
tal glass “cell” containing two platinum wires across which there is 
a potential difference of 75 v dc. The medium between these wires 
is phosphorus pentoxide, which is converted into phosphoric acid 
following the introduction of water into the cell by the carrier gas. 
Upon completion of the circuit, the water is electrolyzed and the 
phosphorus pentoxide is regenerated. There is a direct relationship 
between the amount of water in the gas and the current used. The 
instrument is so designed that there is a direct readout on the in- 
strument meter in parts per million of water for a specific gas flow. 
The signal to the meter is connected to a recordes, so a continuous 
graph of moisture content uersus time is obtained. 


The carrier gas, ultra high purity nitrogen (containing less than 
3 ppm of water), was passed uia Teflon tubing (1 mm i.d., 4 mm 
0.d.) into a sampling “cup” sealed against the skin of the forearm 
by 400 g weight. The “dry” gas inlet was so positioned as to direct 
the stream of gas onto the skin surface, where it readily picked up 
the surface water; the “wet” gas exited from the cup uia Teflon 
tubing into the instrument. The sampling cup was turned down 
from a 2-cm diameter brass rod, 3 cm in length. It was plastic coat- 
ed to decrease porosity and heat transfer. The apparatus was in 
operation for several hours prior to each day’s use to remove mois- 
ture that had permeated the apparatus, so that a constant baseline 
could be achieved. 


As a test of the reproducibility of the apparatus, readings were 
taken on symmetrical sites on 20 subjects’ left and right forearms. 
Prior to their participation in the study, the subjects’ arms were vi- 
sually inspected to ensure that no dry skin condition or other der- 
matological irregularities existed. The subjects were university 
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Chromatography on Lipophilic Dextran Gels for 
Fractionation of Low Molecular Weight Compounds 11: 
Separation of Cardiac Glycosides from Cardiac Aglycones 


M. M. EL-OLEMY * andS. J. STOHS 


Abstract A simple method is presented for the separation of 
cardiac glycosides from cardiac aglycones using highly cross-linked 
lipophilic dextran gel chromatography with 95% ethanol as the sol- 
vent. 


Keyphrases 0 Dextran gel chromatography-separation of cardi- 
ac glycosides from cardiac aglycones 0 Cardiac glycosides-sepa- 
ration from cardiac aglycones using dextran gel .chromatography 


Chromatography-separation of cardiac glycosides from cardi- 
ac aglycones 


The successful use of lipophilic dextran gel chro- 
matography for the separation of cardiac glycosides 
from cardiac genins in a simple and reproducible 
manner is reported. The force responsible for the 
separation appears primarily to be a molecular siev- 
ing effect. 


DISCUSSION 


Several chromatographic techniques for the separation and pu- 
rification of various cardiac glycosides have been extensively used. 
The techniques most often employed include paper chromatogra- 
phy (1) and TLC (2). Column chromatography (3-5) and counter- 
current separation (6,7) have also been used. 


The use of dextran gel chromatography for the separation of 
compounds of varying molecular weight has been well docu- 
mented. The separation of various classes of steroids and lipids 
was attempted using the lipophilic dextran gel1 (8-11) or partition 
chromatography on hydrophilic dextran gels of the G type (9, 12, 
13). Recently, a hydroxycyclohexyl derivative (14) and four hy- 
droxyalicyclic derivatives of the lipophilic dextran gel1 (15) were 
prepared, and standard elution volumes for a model set of steroi- 
dal compounds were reported for columns prepared for these mod- 
ified materials (14, 15). Lipophilic dextran gels, however, have not 
been used for the separation of cardenolides, although column 
chromatography on another dextran gel2 was used in the purifica- 
tion of cardiac glycosides and cardiac genins extracted from cardi- 
ac tissues of experimental animals (16). 


The chromatographic method reported here was initially ap- 
plied to artificial mixtures of two or more of the following com- 
pounds: digitoxin (rnol. wt. 764.92), gitoxin (mol. wt. 780.92), digi- 
toxigenin (mol. wt. 374.50), and gitoxigenin (mol. wt. 390.50). The 
procedure was then successfully used for the separation of a mix- 
ture of 3H-digitoxigenin and 3H-digitoxin prepared by the incom- 
plete acid hydrolysis of 3H-digitoxin. Since radioactive digitoxi- 
genin is not commercially available, while 3H-(G)-digitoxin can be 
purchased, it was desired to prepare 3H-digitoxigenin from 3H- 
(G)-digitoxin by acid hydrolysis and subsequent purification. The 
isolated 3H-digitoxigenin is being used in a series of experiments 
designed to determine the metabolism of digitoxigenin by tissue 
homogenates from various experimental animals. 


Several solvent systems of 95% ethanol, 70% ethanol, and meth- 
anol-chloroform (1:l) were used for eluting the columns1. The best 
separation was obtained using 95% ethanol. 


The method provides an effective separation of the glycosides 


* Sephadex LH-20, Pharmacia Fine Chemicals, Inc., Piscataway, NJ 


* Sephadex G-200. 
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digitoxin and gitoxin from the aglycones digitoxigenin and gitoxi- 
ggnin. However, there was no separation of the two aglycones from 
one another, or of the two glycosides from each other under the 
conditions employed. Apparently, the difference of only 16 molec- 
ular weight units is not sufficient to make these separations possi- 
ble. 


This method can be utilized for the preparative separation of 
the cardiac glycosides from their aglycones. 


EXPERIMENTAL 


Hydrolysis of SH-Digitoxin-To 10 pCi of uniformly labeled 
3H-digitoxin3 (specific activity 1 mCi/pmole) was added 5 mg of 
nonradioactive digitoxin. The sample was dissolved in 10 ml of 
methanol-water (7:3), 60 fi1 of concentrated sulfuric acid was 
added, and the mixture was refluxed for 4 min. The reaction mix- 
ture was subsequently extracted with chloroform. The chloroform 
was then evaporated to dryness, and the residue was dissolved in 
dry benzene until ready for chromatography. 


The residue was then evaporated to dryness and dissolved in 2 
ml of 95% ethanol, an aliquot of which was applied to the column. 
Acid decomposition of the liberated digitoxigenin began to occur 
before complete hydrolysis of the sugar moiety of digitoxin was 
achieved, so a method for separating the digitoxigenin from the in- 
completely hydrolyzed digitoxin was needed. 


Separation of Hydrolysis Mixture on Lipophilic Dextran 
Gels-An aliquot (1 ml) of the ethanolic solution obtained was ap- 
plied to a column, 2.5 cm in diameter and containing 60 g of the gel 
in 95% ethanol. Fractions (1 ml) were collected at  a flow rate of 0.5 
ml/min under a pressure head of 50 cm. Separation of cardenolides 
from the glycosides was possible with flow rates from 0.3 to 0.7 
ml/min. 


Fractions were tested by TLC on silica gel H4 plates with either 
methylene chloride-methanol (85:15) (17) or cyclohexane-acetone- 
acetic acid (65:33:2) (18) as the developing solvent. After develop- 
ment, the plates were sprayed with ferric chloride in acetic acid (2 
ml of 5% FeCls in 20 ml of acetic acid), heated at 100° for 5 min, 
and cooled. The plates were then sprayed with 50% HzS04 and 
heated again for 10 min. 


The cardiac glycosides and aglycones give yellow to green or 
blue colors. The relative concentrations of the fractions were de- 
termined according to the size and density of the color of the spot 
of TLC and/or by liquid scintillation counting for the tritium-la- 
beled samples (19). Both digitoxin and gitoxin were eluted in frac- 
tions 81-90 with a peak at  fraction 84, while digitoxigenin and gi- 
toxigenin were eluted in fractions 94-107 with a peak at  fraction 
102. 


The fractions containing each compound were combined and 
evaporated to dryness in uacuo to obtain chromatographically 
pure cardiac glycosides and cardenolides as determined by TLC. 
Approximately 50% of the radioactivity was recovered as digitoxi- 
genin following the hydrolysis of 3H-(G)-digitoxin. 
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Antidermatophytic Activity of 
2 - Thiotetrahy dro- 1,3,5 - thiadiazines and Isot hiocy anates 


VIJAYA MANOHAR *, S. V. K. NARASIMHA MURTHY *§, M. SIRS1 *, 
G. RAMANANDA RAO *x, and P. L. NARASIMHA RAO * 


Abstract 0 Benzyl, furfuryl, tetrahydronaphthyl, a-picolyl, and 
a-homopicolyl derivatives of 2-thiotetrahydro-1,3,5-thiadiazines 
were studied and found to be more active than &picolyl and pyri- 
dyl analogs on dermatophytes, including the more resistant Mi- 
crosporum canis. 


Keyphrases 0 2-Thiotetrahydro-l,3,5-thiadiazines-antiderma- 
tophytic activity 0 Isothiocyanates-antidermatophytic activ- 
ity Antidermatophytic activity-2-thiotetrahydro-1,3,5-thiadi- 
azines and isothiocyanates 


It has been demonstrated that pterigospermin and 
its fission product benzyl isothiocyanate are potent 
antifungal agents (1-7). Phytopathogenic and sapro- 
phytic fungi, especially the yeasts, show sensitivity to 
isothiocyanates and their producers (8). However, in- 
adequate dermal absorption, low solubility, and vesi- 
cation are but a few of the factors that limit their 
topical application in the treatment of dermoid infec- 
tions. 


It was thought that substitution of the benzyl moi- 
ety by other isosteric groups, particularly those with 
basic residues, would make the compounds more 
water soluble to overcome the limitations in their 
use. This report presents the results of studies to test 
this hypothesis. 


EXPERIMENTAL 


Organisms-Trichophyton mentagrophytes (HM115), T. ru- 


Isolated from clinical materials and characterized. 
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brum (HM186), T. violaceum (HM164), Epidermophyton floc- 
cosum 1 (HM78), Microsporum canis (I73), and Candida albi- 
cans2 (2248) were used. All dermatophytes and yeasts were main- 
tained on Sabouraud’s glucose agar slants. 


Inocula-Spore suspensions from 15-day agar slant cultures in 
sterile saline were prepared, and 0.1 ml of the suspension or of an 
18-hr broth culture of C. albicans was used as the inoculum in the 
serial dilution method. 


Compounds-Solutions (1 mg/ml) were made in slightly acidi- 
fied 50% ethanol (basic compounds), 20% dimethylformamide 
(griseofulvin), or acetone. 


Antifungal Activity-Tubes in duplicate containing log con- 
centrations, 0, 0.1, 1.0, 10.0, and 100 pg/ml, of the test compounds 
in 5.0 ml of Sabouraud’s glucose broth were inoculated and incu- 
bated at  30’ for 14 days (dermatophytes) or for 2 days (yeast). 
Tubes containing solvents a t  corresponding concentration levels 
were also included as blanks. The minimum inhibitory concentra- 
tion (MIC) required for complete inhibition of growth was scored 
based on at  least two independent experiments. 


RESULTS AND DISCUSSION 


The results of initial screening of antifungal activity of a few iso- 
thiocyanates and their producers, substituted P-thiotetrahydro- 
1,3,5-thiadiazines, and other substances are reported in Table I. 
Benzyl isothiocyanate (XXI) inhibited the dermatophytes and C. 
albicans in the concentration range of 0.1-5.0 pg/ml, while the cor- 
responding thiadiazine (X) did so at  a level of 1.0-10.0 pg/ml. Sim- 
ilar levels of activity were displayed by furfuryl and tetrahydro- 
naphthyl analogs (XI11 and XIV, respectively). a-Picolyl and a- 
homopicolyl derivatives (111 and VI, respectively) were distinctly 
more active then the 8- and y-isomers (IV and V, respectively) and 
far more potent than the pyridyl compounds (I and 11, respective- 
ly). 


Obtained from the School of Tropical Medicine and Hygiene, London, 
England. 
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THE ECONOMICS OF PUBLICATION 
A person does not need to venture further than the local supermarket to 


verify that the price of everything has been climbing at a fantastic rate. The 
economists tell us we have been caught in an “inflation spiral.” 


Well, as bad as the situation may be in the case of food prices and other 
commodities sold in the supermarket, printers and printing companies have 
been increasing prices to their clients at an even faster pace. This is the re- 
sult of all the customary factors, including labor, taxes, equipment, utilities, 
and so on, but it is especially due to one other; namely, the cost of paper 
stock. 


Anyone even remotely connected with the production of printed material 
has probably had the shocking experience during the past year or 80 of being 
told that the price of paper was increasing on a monthly or even a weekly 
basis. The overall result was that comparable paper stock ended up costing 
anywhere from double to four times as much as it did about a year earlier. 


And to add distressing insult to injury, paper supplies for a time were run- 
ning 90 short that the customer was told to feel fortunate in being able to get 
that supply of paper even at several times what it had cost just a year before. 
The combination of month-to-month paper shortages and week-to-week price 
increases explains why J.  Pharm. Sci. has been printed on several different 
types of paper stock over the past eighteen months. 


We are devoting our comments this month to a brief discussion of publica- 
tion costs primarily to inform the readership of the fact that the process of 
producing J.  Pharm. Sci. each month and putting it into the hands of our 
readers is a costly undertaking; and it is rapidly becoming more costly. 


Many people assume that income from publications represents a profita- 
ble activity for an association or society. For some few organizations this may 
be the case, but for most it is not. Specifically, it has been the policy of the 
American Pharmaceutical Association, as publisher of J.  Pharm. %.-and 
various other professional, technical, and scientific publications-to produce 
and make available such publications on essentially a self-sustaining basis; in 
fact, rates to members have often been set a t  a particularly low level requir- 
ing that they be subsidized from membership dues. 


All of this is rather evident from an inspection of the APhA financial 
statements. Although these statements are released and distributed each 
year-as in the case of most financial reports-they make awfully dull read- 
ing, and few people give them even a cursory examination. 


But if they did read these reports, they would note that J. Pharm. Sci. in- 
come has been growing modestly from $244,000 in 1972, to $260,000 in 1973, 
to $290,000 in 1974, and to $288,000 in 1975 (all figures rounded d d  latter 
figures estimated). 


Simultaneously, however, during this same period of modest income 
growth, direct expenses attributable to production of J .  Pharm. Sci. have 
grown by leaps and bounds from $265,000 in 1972, to $293,000 in 1973, to 
$322,000 in 1974, and to $370,000 in 1975. 


Without going into any great detail, two things are evident from these fig- 
ures; namely: 


(a) As the first observation, the APhA member subscriber pays only a 
small additional premium to receive this Journal, but a substantial propor- 
tion of his or her membership dues is allocated to support the Journal. A t  the 
current rate of total income resultingfrom subscription charges, page charges, 
advertising revenue, and reprint sales, APhA is providing a very substan- 
tial subsidy from membership dues-for 1975 this will amount to approxi- 
mately $82,000-in order to make J. Pharm. Sci. available. 


(b) As the second observation, we may look at how this “costlbenefit 
ratio” translates to each individual Journal recipient, whether the recipi- 
ent is a member subscriber, nonmember subscriber, or institutional sub- 
scriber. With an overall circulation of approximately 12,000 and an antici- 
pated 1975 production cost of $370,000, it is evident that the proportionate 
cost of simply providing the average subscriber with the Journal for a peri- 
od of one year is running just under $3l-and this figure of $31 is extreme- 
ly conservative since it does not include any overhead and similar types of 
occupancy expenses. 


Every clergyman tells his congregation something to the effect that: “I do 
not wish to talk about money, bu t . .  . .”.Similarly, we would also prefer to 
avoid doing so. However, we feel that these facts and figures will be revealing 
to our readers, and especially to our APhA member subscribers by acquaint- 
ing them more fully with one of their membership benefits. 


We also feel that these facts and figures will provide a better under- 
standing of why all associations, societies, and commercial publishers are se- 
riously reexamining their publication programs and in many cases are insti- 
tuting or a t  least considering radical changes in them. If the publishers of 
Life, Look, and the Saturday Evening Post had discerned the winds of 
change early enough and taken action in time to adjust to them, their demise 
may have been avoided, and these once-popular mass-circulation weekly 
magazines would probably have survived. By the same token, cumnt  trends 
and changing circumstances make it appear that technical and scientific 
periodicals will need to undergo some major changes in coming years if they 
are to survive and prosper. -EGF 








An approximation of the particle-size distributions 
for the two batches of microcapsules was determined 
using a light microscope and the calibrated counting 
field of a hemocytometer. The formalin-treated nylon 
gelatin microcapsules had an average diameter of 135 
bm with a range of 70-197 pm. The particles encap- 
sulated with nylon alone had an average diameter of 
98 bm with a range of 40-170 pm. 


Drug release characteristics of microcapsules con- 
taining 20 mg of drug were studied in 1500 ml of 0.1 
N HC1 and 0.1 M acetate buffer (pH 5.6). The disso- 
lution apparatus consisted of a 2000-ml, three- 
necked, round-bottom flask maintained at  37O. A 
polyethylene stirring blade (7.6-cm diameter) was 
vertically centered and lowered to a depth of 2 cm 
above the bottom of the flask. The stirrer was at- 
tached to a synchronous motor and rotated at  100 
rpm. The release of drug was followed spectrophoto- 
metrically at 280 nm for hydrochloric acid and a t  283 
nm for the acetate buffer. The reported data are the 
averages of duplicate runs on the same batch of ma- 
terial. 


As can be seen from Table I, the release of sulfona- 
mide in dilute acid from the nylon-coated and the 
formalin-treated nylon gelatin capsules was delayed 
only slightly. A greater retardant effect could be ex- 
pected at  the lower agitation rates used by Luzzi et  
al. (8), but it was felt that the stirring rate of 100 rpm 
provides results that are more realistic in terms of 
their release patterns. The release of drug from both 
nylon and formalin-treated nylon gelatin in acetate 
buffer at pH 5.6 is considerably slower than in dilute 
hydrochloric acid. A similar pattern of curves was 
also obtained in pH 7.6 phosphate buffer. As with di- 
lute acid, the release rates into 0.1 N NaOH from 
both types of microcapsules were rapid and complete. 
Since unencapsulated sulfathiazole sodium readily 
passed into solution in all media tested, the reason 
for the slower release rate at pH 5.6 and 7.6 is un- 
clear. Because several factors may be involved, fur- 
ther studies to  determine the mechanisms are being 
conducted. 


The microcapsules of formalin-treated nylon gela- 
tin displayed ideal physical characteristics for formu- 
lation purposes. They were gritty and dense and, be- 
cause of the nylon coating, they did not adhere to- 
gether. The capsules had excellent flow properties 
and could be made of very small diameter by control- 
ling the stirring speed during nylon formation. 


Nylon microcapsules of sulfathiazole sodium con- 
taining unhardened gelatin, various cellulose gums, 
proteins, alginates, and other carrier materials were 
generally difficult to separate. In addition, they did 
not possess the superior physical characteristics of 
the formalin-treated nylon gelatin capsules. 


Formalin-treated gelatin micropellets were pre- 
pared by Tanaka et  al. (10). Such pellets have been 
reported to have timed-release properties in humans 
(1 1). Gelatin micropellets containing sulfathiazole so- 
dium were prepared but showed poor flow properties 
even after several rinses in benzene. Thev tended to 


and Chang et al. (7), we have successfully encapsu- 
lated a water-soluble drug in formalin-treated nylon 
gelatin microcapsules. Various drug-gelatin ratios 
are currently being studied to optimize drug release 
and, alternatively, to sustain the release of soluble 
drugs. The effects of different conditions using for- 
malin are also being investigated. 


(1) J. E. Flinn and H. Nack, Chem. Eng., 74,171(1967). 
(2) J. A. Bakan and F. D. Sloan, Drug Cosmet. Znd., 110, 


( 3 )  H. Nack, J .  SOC. Cosmet. Chem., 21,85(1970). 
(4) G.  Sirine, Drug Cosmet. Znd., 101,56(Sept. 1967). 
(5) L. A. Luzzi, J.  Pharm. Sci., 59,1367(1970). 
(6) J. A. Bakan, “Microencapsulation as Applied to Pharma- 


ceutical Products,” presented at the Eastern Regional IPT Sec- 
tion, APhA Academy of Pharmaceutical Sciences, Philadelphia, 
Pa., Oct. 1968. 


(7) T. M. S. Chang, F. C. MacIntosh, and S. G. Mason, Can. J. 
Physiol. Pharmacol., 44,115(1966). 


(8)  L. A. Luzzi, M. A. Zoglio, and H. V. Maulding, J .  Pharm. 
Sci., 59,338(1970). 


(9) J. R. Nixon, S. A. H. Khalil, and J. E. Carless, J. Pharm. 
Pharmacol., 20,528(1968). 


(10) N. Tanaka, S. Takino, and I. Utsumi, J.  Pharm. Sci., 52, 
664( 1963). 


(11) G.  N. Paradissis and E. L. Parrott, J .  Clin. Pharmacol., 8, 
54( 1968). 


34(Mar. 1972). 


James W. McGinity 
Alan B. Combs 
Alfred N .  Martin 
Drug Dynamics Institute 
College of Pharmacy 
University of Texas 
Austin, TX 78712 


Received October 10,1974. 
Accepted for publication February 20,1975. 


To whom inquiries should be directed. Present address: School 
of Pharmacy, Texas Southern University, Houston, TX 77004 


Relationship between pH of 
Saliva and  pH of Urine 


Keyphrases pH-saliva and urine, relationship 0 Salivary 
pH-relationship to urinary pH 0 Urinary pH-relationship to 
salivary pH 


T o  the Editor: 


A number of drugs appear in significant concentra- 
tion in the saliva, and the ratio of their concentra- 
tions in saliva and plasma is relatively constant (1-7). 
It is feasible, therefore, to monitor the concentrations‘ 
of these drugs in plasma indirectly by determining 
their concentrations in saliva (8). This noninvasive, 
convenient, painless, and safe method of indirect 
plasma concentration monitoring is particularly use- 
ful for children and for out-patients regardless of age. 


Preliminary observations in this laboratory and by 
others1 indicate that the saliva-plasma concentration 
ratio of certain weak acids and bases may be affected 
by the pH of the saliva, apparently because, among ., 


adhere together and were difficult to wet. 
By combining the techniques of Tanaka et cd. (10) 1 J. R. Koup and W. J. Jusko. personal communication. 
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Table I-Effect of Sodium Bicarbonate on pH of Saliva and Urine in Adults 


Saliva pHa Urine pHa 
Hours Control Sodium Bicarbonate Control Sodium Bicarbonate 


1 7.25 f 0.19 7.26 f 0.15 - ~~ ~ 


2 
3 7.24 f 0.25 
4 
5 7 .26  & 0.11  


~ 


7.41  f 0.26b 


7.38 f 0.09  


6 .44  f 0.44 


6 .30  f 0.67  


7 .30  f 0.23b 


7 .25  f 0.32b 


6 6 .09  f 0.62  6 .84  f 0.63b 
7 7.19 f 0.16 7 .34  f 0.16  
8 5 .99  f 0 .70  6 .89  f 0.28b 


a Mean of five subjects =t 1 SD. * Statistically significantly different from control value ( p  < 0.05 by paired t test). 


other factors, this ratio is a function of the degree of 
ionization of such drugs in saliva and plasma (9). The 
pronounced effect of pH on the renal excretion of 
many weak acids and bases is well known. This study 
was carried out to determine the magnitude of pH 
variation in the mixed saliva of healthy adults, the 
relationship between the pH of saliva and urine, and 
the effect of a systemic antacid on saliva and urine 
PH- 


Five healthy male volunteers, 22-39 years old, who 
had not taken any drugs for a t  least 1 week before the 
study, ate their usual meals and followed their usual 
activities. Each volunteer voided his bladder a t  8 or 9 
am and collected urine and saliva at  2-hr intervals for 
8 hr. About 5 ml of saliva was collected each time by 
salivation into a small glass vial; saliva flow was stim- 
ulated by chewing on a piece of Parafilm. The pH of 
the saliva and urine samples was determined2 imme- 
diately after collection. 


Two of the subjects received 5 g of sodium bicar- 
bonate in five gelatin capsules, size 00, with 100 ml 
water at the beginning of the experiment; the other 
three subjects received water only. The experiment 
was repeated at least 1 week later, with the subjects 
who had previously taken water only now receiving 
sodium bicarbonate and vice versa. 


The results of the study are shown in Table I and 
Fig. 1. The pH values summarized in Table I were av- 
eraged as such, i.e., without prior conversion to molar 
concentrations of hydrogen ion and subsequent re- 
conversion. Sodium bicarbonate increased urine pH 
by an average of 0.75-0.95 unit; this increase was sta- 


I A 
A 


A A 7.5 1 a 


d I, I . .  
fn 


. . A . A A . 
5.5 6.0 6.5 7.0 7.5 


URINE pH 


Figure I-Relationship between p H  of saliva and p H of urine 
in five healthy adults. Each subject is revresented by eight data 
points. K e y :  0 ,  control experiment; and A, after oral adminis- 
tration of 5 g of sodium bicarbonate. 


Orion digital pH meter, model 601 


tistically significant at all sampling times. On the 
other hand, the antacid increased the average pH of 
saliva by only 0.01-0.17 unit, and this change was 
statistically significant a t  only one sampling time 
(Table I). In a total of 40 urine and saliva samples, 
the pH ranged from 5.10 to 7.66 in urine but only 
from 6.89 to 7.68 in saliva. There was no significant 
correlation ( r  = 0.19) between the pH of saliva and 
the pH of urine (Fig. 1). 


The results of this study show that: 
1. Variations in the pH of saliva in normal subjects 


are much smaller than variations in the pH of urine. 
2. It is apparently not possible to alter saliva pH 


significantly by acute administration of a system’ic 
antacid. 


3. There is no significant relationship between the 
pH of saliva and the pH of urine. 


Since saliva pH varies less than urine pH, saliva 
concentrations may be more suitable than urinary ex- 
cretion rates for an indirect estimation of the time 
course of plasma concentrations of certain weak acids 
and bases appearing in measurable concentrations in 
the saliva. 
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In Viuo Method for Monitoring Polysorbate 85 Effect on 
Epidermal Permeability 


KEVIN J. RYAN andMICHAEL MEZEI” 


Abstract 0 An in uiuo method of monitoring the rate of water de- 
sorption from human forearms, using “dry” nitrogen gas passed 
over approximately 1 cm2 of skin was investigated with the aid of a 
commercial electrolytic moisture analyzer. The assembled appara- 
tus was used to evaluate the differences in water loss rates from 
treated and untreated (control) forearms following surfactant ap- 
plication. The changes in the differences were also monitored after 
cessation of treatment, i.e., during the healing process. The appa- 
ratus provided an accurate, rapid, and painless method of monitor- 
ing relative water loss rates and, as such, could prove a useful tool 
in routine testing in experimental dermatology and cosmetology. 
The results confirm the earlier finding from an in uitro method 
with excised rabbit skin that the tested surfactant increases the 
permeability of the epidermis. 


Keyphrases Permeability, epidermal-in uiuo method for mon- 
itoring effect of polysorbate 85, relative water loss rates Epider- 
mis-permeability, in uiuo method for monitoring effect of poly- 
sorbate 85, treated and untreated human epidermis 0 Polysorbate 
85-effect on epidermal permeability, in uiuo method for deter- 
mining relative water loss rates 0 Water loss rates-human epi- 
dermis, in uiuo method 


An in vitro method (1) proved satisfactory for 
quantitating the water content and rate of water de- 
sorption from 1.0-cm2 samples of excised rabbit skin. 
The method could be applied to human skin; how- 
ever, the excision of the skin sample, although virtu- 
ally painless, is not readily accepted by most human 
subjects. In addition, an in vitro method can monitor 
the desorption of only a finite amount of water and 
may be, at best, unpredictably extrapolatable to the 
in situ conditions where the supply of water is essen- 
tially inexhaustible. 


It is well known (2-8) that surfactants generally in- 
crease the permeability of the skin, which can easily 
be studied by measuring the rate of the transepider- 
ma1 water loss. Accurate quantitative in vivo mea- 
surements from human forearms have been reported 
(9-13). The actual water loss under defined condi- 
tions has been determined for areas as small as 0.1 


mm2, although at least 1 
mum area considered “a 
forearm skin generally” 


mm2 should be the mini- 
representative sample for 
(12). These Quantitative 


methods required considerable effort to minimize the 
instrumental baseline. The purpose of this study was 
to design a relative method that requires less strin- 
gent ambient and instrumental manipulation and, 
therefore, is more practical and rapid. 


EXPERIMENT A L 


An electrolytic moisture analyzer’ provided the nucleus for the 
assembled apparatus. The “heart” of the instrument is a horizon- 
tal glass “cell” containing two platinum wires across which there is 
a potential difference of 75 v dc. The medium between these wires 
is phosphorus pentoxide, which is converted into phosphoric acid 
following the introduction of water into the cell by the carrier gas. 
Upon completion of the circuit, the water is electrolyzed and the 
phosphorus pentoxide is regenerated. There is a direct relationship 
between the amount of water in the gas and the current used. The 
instrument is so designed that there is a direct readout on the in- 
strument meter in parts per million of water for a specific gas flow. 
The signal to the meter is connected to a recordes, so a continuous 
graph of moisture content uersus time is obtained. 


The carrier gas, ultra high purity nitrogen (containing less than 
3 ppm of water), was passed uia Teflon tubing (1 mm i.d., 4 mm 
0.d.) into a sampling “cup” sealed against the skin of the forearm 
by 400 g weight. The “dry” gas inlet was so positioned as to direct 
the stream of gas onto the skin surface, where it readily picked up 
the surface water; the “wet” gas exited from the cup uia Teflon 
tubing into the instrument. The sampling cup was turned down 
from a 2-cm diameter brass rod, 3 cm in length. It was plastic coat- 
ed to decrease porosity and heat transfer. The apparatus was in 
operation for several hours prior to each day’s use to remove mois- 
ture that had permeated the apparatus, so that a constant baseline 
could be achieved. 


As a test of the reproducibility of the apparatus, readings were 
taken on symmetrical sites on 20 subjects’ left and right forearms. 
Prior to their participation in the study, the subjects’ arms were vi- 
sually inspected to ensure that no dry skin condition or other der- 
matological irregularities existed. The subjects were university 
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Table I-Tests for the Reproducibility of Readings 


Subject (Sex) Variationa, % 


E.K. (f) 
O.M. (f) 
S.R. (f) 
K.R. (m) 
C.P. (m) 
J.I. ( f l  
T.N: if) 
D.F. (m) 
S.M. (f) 
S.L. (m) 
K.J. (m) 
D.K. ‘(m) 
E.F. (f) 
K.D. (f) 
F.M. (m) 
L.R. (m) 
M.M. (m) 
J.W. (f) 
C.N. (f) 
S.L. (f) 


0 
0 
0 
0 
0 
0 
0 
3.3 
3.6 
3 . 6  
3.8 
3.8 
3.9 
5 .0  
5 . 6  
5 .9  
6 .6  
6 .9  
8 . 3  
9 .0  


a The transepidermal water loss was measured from symmetrical sites on 
untreated left and right forearms of each subject, and the difference in read- 
ings is expressed as percent variation. 


staff and students ranging in age from 19 to 45 years, with the ma- 
jority being in the early 20’s (12 females and eight males). Dense 
hair on the forearms of one male subject was clipped with a hair 
clippe? 1 day prior to commencement of readings. 


Of the initial 20 subjects used to establish the limits of repro- 
ducibility, six (five females and one male) continued on to the 
evaluation of surfactant application effects. They applied the oint- 
ment base (petrolatum USP) to one forearm for the control, and 
the other forearm was treated with the same base containing 10% 
polysorbate 8s4. 


The preparations were applied liberally ( 4 . 5  g) twice daily and 
massaged into forearms for 10 sec. Readings were taken (prior to 
and during the treatment) on treated and then control forearms 
(order randomly varied), and the difference between the readings 
was expressed as a percentage of the control value. For this reason, 
no absolute units had to be calculated since the results were ex- 
pressed as percentage difference in rates of water loss between the 
two sites. 


One hour prior to readings, the subjects’ forearms were gently 
washed with mild soap and warm water and patted with a tissue to 
remove excess water. The bare forearms were air dried to the labo- 
ratory environment while the subjects relaxed. 


RESULTS AND DISCUSSION 


At the commencement of the readings, the initial pen response 
prescribed a peak, the height of which varied as did the amount of 
water in the stratum corneum (which varies as does ambient tem- 
perature, humidity, physical and mental activity of the subject, 
blood volume, breathing rate, the ingestion of certain drugs, etc.). 
During the next 8-10 min, the peak declined to a line parallel to 
the baseline. This straight portion of the graph shows a constant 
rate of transepidermal water loss and, as such, is an indication of 
the “barrier function” of the epidermis. 


Thirty-five percent of the readings performed on the left and 
right untreated forearms were identical to each other; i.e., the dif- 
ference in final constant rates of water loss rates was 0%. The re- 
mainder of the subjects’ readings did not vary from each other by 
more than 9% (Table I). Thus, the limit of reproducibility of the 
assembled apparatus (due to environmentally, instrumentally, 
physiologically, and psychologically mediated variations during 
the time required to perform a pair of readings) was established. 


When readings were performed on treated and control forearms, 
in every case there was a substantial increase in the rate of 
transepidermal water loss from the surfactant-treated arm with re- 
spect to the control arm (Table 11). There was a definite correla- 


Oster model A2-22, blade ANG-RA. 
Tween 85, Atlas Chemical Industries, Wilmington, Del. 


Table 11-Effect of Surfactant Treatment  on R a t e  of 
Transepidermal Water Loss 


Subiect 


K.R. S.R. J.I. K.D. C.N. R.S. 


Day Increase of Transepidermal Water  Loss, % 


0 0 0 0 0 8 . 3  0 
1 
2 
3 19 10 
4 66 26 
5 33 


5 .O  
12 _- 


13 30 


72 
6 54 53 
7 52 64 
8 
9 93 100 75 100 


tion between the duration of treatment and an increased rate of 
transepidermal water loss. In half of the cases, 9 days of treatment 
resulted in a difference in the rate of water loss of around 100%. 


It is readily evident that it would be impossible to reproduce 
consistently all of the variables present during the first hours, 
much less days, of readings. However, with the method’s built-in 
controls, and by reading the control and treated forearms (order 
randomly varied) as close together in time as possible, the differ- 
ences in readings should be due almost entirely to surfactant ap- 
plication. 


All readings were performed in an isolated room with a relative- 
ly constant temperature of about 20’ (peaks of sweat may appear 
on the graph above 25O). Slight fluctuations in the room’s humidi- 
ty and temperature during the 0.5 hr or so required for the two 
readings constituting a set of data did not have any noticeable ef- 
fect on readings. 


One subject was treated with surfactant in (ointment) base on 
the left arm and with base on the right arm for 9 days. The surfac- 
tant induced an increase in transepidermal water loss such that 
the difference in rates was 100% by the 9th day, whereupon treat- 
ment was ceased (Fig. 1). Sixteen days after cessation of treat- 
ment, while the difference was still about 12%, treatment was rein- 
stated in a crossover fashion; i.e., the control arm now became the 
treated arm. Since the new control arm still had a greater transepi- 
dermal water loss at the time of crossover, initially the difference 
in readings showed a negative value. After 3 days, the effects of the 
surfactant became so evident that the difference became positive 
and continued to increase a t  a greater rate than it had in phase one 
of the experiment (prior to crossover). Within 9 days of the cross- 
over, the difference in rates again approached 100% and treatment 
was ceased. Differences again diminished, rapidly at  first and then 
at  a declining rate. By monitoring the difference in water loss rate 
for up to 6 weeks after cessation of treatment (and having the 
subject wash arms daily with mild soap and water), the declining 
differences in readings indicated the recovery of barrier function, 
which is due to the healing process. 


The rate of the regeneration process is very high in the early 
stages. Figure 1 indicates that a 50% regain of the barrier function 
occurred in less than 4 days after cessation of treatment (after ces- 
sation of continuous injury), while the next 50% reparation (result- 
ing in 0% difference in rates) required another 3-4 weeks. The time 
required for total regeneration of the barrier function (14) after 
cessation of surfactant application indicates that the full barrier 
function returns only with the presentation of new stratum cor- 
neum cells (unaffected by surfactant) to the surface of the epider- 
mis. 


The kinetic microhygrometric technique employed does not 
simulate normal environmental conditions of the epidermis. How- 
ever, the method is so designed that the effectiveness of the treat- 
ed forearm’s epidermis in preventing excessive water loss under 
specific conditions can be evaluated with respect to control epider- 
mis under the same conditions. Since the portion of the values due 
to sweating could be kept virtually constant by maintaining fairly 
constant ambient conditions (especially temperature) and psychic 
state, it was not deemed necessary to introduce any type of drug 
into the body to inhibit sweating. 


To prevent the escape of carrier gas and the entrance of ambient 
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Figure 1-Effects of surfactant treatment as measured by 
the percent difference in  water loss rate between treated and un- 
treated skin versus time. Details concerning the crossover 
period are given i n  the text. 


moisture, the cup was pressed to the skin with a weight of 400 g; 
this weight was determined experimentally. On untreated skin, a 
weight of about 200 g would be sufficient to seal the rim of the cup 
against normal skin. However, after several days of treatment with 
surfactant, the skin surface became more irregular and some 400 g 
was required to effect a seal, undoubtedly due to “a type of crust 
formation, shown microscopically to consist of necrotic and slough- 
ing epidermis” (15). 


CONCLUSION 


The present study and other reports (1-8) indicate that surfac- 
tants can affect epidermal permeability. Today, with increasing 
exposure to epidermal insult from physical, chemical, and energy 
sources, the regenerating process of the epidermis not infrequently 
approaches overextension. Insidiously, even some of the prepara- 
tions designed to improve the quality or appearance of the skin 
usually contain chemicals (to improve the formulation’s appear- 
ance, stability, or penetration) that may actually further damage 
the tissue. There is, therefore, a real need for a convenient, rapid 
method for monitoring changes in the barrier function of the epi- 
dermis, resulting from dermatological and cosmetic preparations. 


Paradoxically, damage to the barrier will cause increased water 
loss through the skin and the result may be “dry skin”; i.e., the 
water content of the stratum corneum is decreased. This increased 
water loss through the skin will occur slightly following the appli- 
cation of substances that cause the removal of surface lipids (16). 
Substances that also have a destructive action on the barrier struc- 
ture will effect a dramatic rise in the skin permeability. 


Blank (17) showed that water is the only plasticizer of the stra- 
tum corneum. Accurate measurements of the actual water content 
of the stratum corneum, however, would provide no specific data 
because the water content of the stratum corneum varies (nonli- 
nearly) with ambient humidity (11) and temperature, as well as 
with many other physiological and psychological conditions. A 
quantitative figure for the water binding capacity would be of 
great value in the assessment of the effects of topical applications 
with respect to the presence (or absence) of the yet to be deter- 
mined “critical amount” of the stratum corneum’s plasticizer. 


The method in this paper measures the relative efficiency of the 
barrier function, which is dependent upon the presence of a t  least 
the critical amount of water in the stratum corneum. This method 
is not a quantitative measure of the amount of water but is a mea- 
sure of its actioity. 
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Antidermatophytic Activity of 
2 - Thiotetrahy dro- 1,3,5 - thiadiazines and Isot hiocy anates 


VIJAYA MANOHAR *, S. V. K. NARASIMHA MURTHY *§, M. SIRS1 *, 
G. RAMANANDA RAO *x, and P. L. NARASIMHA RAO * 


Abstract 0 Benzyl, furfuryl, tetrahydronaphthyl, a-picolyl, and 
a-homopicolyl derivatives of 2-thiotetrahydro-1,3,5-thiadiazines 
were studied and found to be more active than &picolyl and pyri- 
dyl analogs on dermatophytes, including the more resistant Mi- 
crosporum canis. 


Keyphrases 0 2-Thiotetrahydro-l,3,5-thiadiazines-antiderma- 
tophytic activity 0 Isothiocyanates-antidermatophytic activ- 
ity Antidermatophytic activity-2-thiotetrahydro-1,3,5-thiadi- 
azines and isothiocyanates 


It has been demonstrated that pterigospermin and 
its fission product benzyl isothiocyanate are potent 
antifungal agents (1-7). Phytopathogenic and sapro- 
phytic fungi, especially the yeasts, show sensitivity to 
isothiocyanates and their producers (8). However, in- 
adequate dermal absorption, low solubility, and vesi- 
cation are but a few of the factors that limit their 
topical application in the treatment of dermoid infec- 
tions. 


It was thought that substitution of the benzyl moi- 
ety by other isosteric groups, particularly those with 
basic residues, would make the compounds more 
water soluble to overcome the limitations in their 
use. This report presents the results of studies to test 
this hypothesis. 


EXPERIMENTAL 


Organisms-Trichophyton mentagrophytes (HM115), T. ru- 


Isolated from clinical materials and characterized. 
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brum (HM186), T. violaceum (HM164), Epidermophyton floc- 
cosum 1 (HM78), Microsporum canis (I73), and Candida albi- 
cans2 (2248) were used. All dermatophytes and yeasts were main- 
tained on Sabouraud’s glucose agar slants. 


Inocula-Spore suspensions from 15-day agar slant cultures in 
sterile saline were prepared, and 0.1 ml of the suspension or of an 
18-hr broth culture of C. albicans was used as the inoculum in the 
serial dilution method. 


Compounds-Solutions (1 mg/ml) were made in slightly acidi- 
fied 50% ethanol (basic compounds), 20% dimethylformamide 
(griseofulvin), or acetone. 


Antifungal Activity-Tubes in duplicate containing log con- 
centrations, 0, 0.1, 1.0, 10.0, and 100 pg/ml, of the test compounds 
in 5.0 ml of Sabouraud’s glucose broth were inoculated and incu- 
bated at  30’ for 14 days (dermatophytes) or for 2 days (yeast). 
Tubes containing solvents a t  corresponding concentration levels 
were also included as blanks. The minimum inhibitory concentra- 
tion (MIC) required for complete inhibition of growth was scored 
based on at  least two independent experiments. 


RESULTS AND DISCUSSION 


The results of initial screening of antifungal activity of a few iso- 
thiocyanates and their producers, substituted P-thiotetrahydro- 
1,3,5-thiadiazines, and other substances are reported in Table I. 
Benzyl isothiocyanate (XXI) inhibited the dermatophytes and C. 
albicans in the concentration range of 0.1-5.0 pg/ml, while the cor- 
responding thiadiazine (X) did so at  a level of 1.0-10.0 pg/ml. Sim- 
ilar levels of activity were displayed by furfuryl and tetrahydro- 
naphthyl analogs (XI11 and XIV, respectively). a-Picolyl and a- 
homopicolyl derivatives (111 and VI, respectively) were distinctly 
more active then the 8- and y-isomers (IV and V, respectively) and 
far more potent than the pyridyl compounds (I and 11, respective- 
ly). 


Obtained from the School of Tropical Medicine and Hygiene, London, 
England. 







Table I-Antifungal Activity of Thiadiazines and  Isothiocyanates on Dermatophytes 
~ ~~ 


MIC,  figg/ml 
T. 


rnentagro- T. T. E. C.  
Compound phytes rubrurn violaceurn floccosum M. canis albicans 


I 
I1 


I11 
I V  
V 


V I  
VII  


V I I I  
IX 
X 


XI  
XI1 


XI11 
X I V  xv 
X V I  


X V I I  
X V I I I  


XIX xx 


XXI 
XXII 


XXIII 


X X I V  


3,5-Disubstituted 2-Thiotetrahydro-1,3,5-thiadiazines 
a-Pyridyl 100 100 100 100 
8-P yrid yl 100 10 100 100 
a-Picolyl 10 10 10 10 
fi-Picolylo 100 100 10 100 
7-Picolyla 100 100 10 100 
cr-Homo icolyl 10 1 .o 10 0.1 


rn-Methylphenyl 100 100 100 100 
p-Methylphenyl 100 100 100 100 
Benzyl 10 10 1 .o 10 
o-Methylbenzyl 10 10 0 . 1  10 
p-Methylbenzyl 100 0 . 1  0.1 10 
Furfuryl 1 .o 0 . 1  0.1 10 
Tetrahydronaphthyl 0 . 1  0 . 1  0 .1  0.1 
Isobutyl 10 100 100 100 


o-Meth yyphen y 1 100 100 100 100 


o-Chlorobenzyl- n.a. n.a. n.a. n.a. 
o,p-Dichlorobenzylc n.a. n.a. n.a. n.a. 
rn,p-Dichlorobenzylc n.a. n.a. n.a. n.a. 
p-Bromobenzylc n.a. n.a. n.a. n.a. 
o,p-Dibromobenzyl n.a. n.a. n.a. n.a. 


Other Compounds 
Benzyl isothiocyanate 1 .o 0.1  0 . 1  0 .1  
Ally1 isothiocyanate 100 100 100 100 
ac-Tetrahydro-pnaphthyl 1 .o 1 .o 0 .1  0 . 1  


Griseofulvin 10 10 1 .o 1 .o  
isothiocyanate 


100 50 
100 50 
100 4 _. . 


100 10 
100 15 


0.1 10 
- b  n.a." 


n.a. 
n.a. 


- 
- 
6 
- 


10 
10 
10 
10 
10 5 


100 - .  
n.a. 2 
n.a. 5 
n.a. 5 
n.a. 4 
n.a. 5 


- 
- 


1 .o  5 


10 5 


20 


- 100 


- 


ReferenCe'Il. ma. = not active up to loo0 pg/ml.  - = not tested. C Reference 6. 


While the homologous phenyl and other compounds were less 
active, halogenated derivatives (XVI-XX), which markedly inhib- 
ited yeasts and other phytopathogens (6), failed to show any an- 
tidermatophytic activity. Higher levels of thiadiazines, which ex- 
pectedly produced active isothiocyanates in uiuo (9, lo), may be 
needed to bring about complete inhibitory activity. 


A few compounds seemed comparable to, or better than, griseo- 
fulvin in their antidermatophytic activity. M. canis, which was rel- 
atively more resistant to griseofulvin, was equally susceptible as 
the other dermatophytes to the action of furfuryl and tetrahydro- 
naphthyl compounds (XI11 and XIV, respectively) and even more 
susceptible to VI. These compounds are definitely more potent an- 
tidermatophytic agents than the benzyl analogs. 


The solvents used, ethanol, dimethylformamide, and acetone, 
did not inhibit the growth of dermatophytes and yeasts. 


In exploratory clinical trials, treatment with IV and X appears 
quite effective in superficial dermatomycoses. 
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PHARMACEUTICAL ANALYSIS 


Determination of Estrogens in Dosage Forms by 
Fluorescence Using Dansyl Chloride 


SEYMOUR FISHMAN 


Abstract A sensitive, reproducible, fluorometric procedure for 
the determination of estrogens in pharmaceutical preparations is 
presented. The estrogens are determined fluorometrically fol- 
lowing their reaction with dansyl chloride. The optimum condi- 
tions for the reaction such as pH, reaction solvent composition 
variations, and speed of reaction are discussed. In addition, a line- 
arity study of the relationship between concentration and fluores- 
cence intensity for estrone, estradiol, and ethinyl estradiol is re- 
ported. Solvent extraction procedures based on acid-base behavior 
or column chromatography are used when necessary to isolate the 
estrogen prior to reaction with dansyl chloride and fluorometric 
measurement. The recovery of estrogens from spiked samples indi- 
cated that the proposed method is efficient and reproducible. 
Comparison of the dansyl procedure with the official N F  method 
in the analysis of estrone aqueous suspension showed the proposed 
method to be accurate and more precise than the NF assay. Es- 
trone aqueous suspension, estradiol in sesame oil, estradiol valer- 
ate in castor oil and in sesame oil (in the latter case, in the pres- 
ence of testosterone), estradiol benzoate in sesame oil, and ethinyl 
estradiol tablets (0.5 mghablet) from commercial sources were sat- 
isfactorily analyzed, with average results within cornpendial limits 
and no coefficient of variation greater than 2%. 


Keyphrases Estrogens-determination in dosage forms, fluo- 
rescence using dansyl chloride, pH, reaction solvent composition, 
and speed of reaction, compared to compendial method Dansyl 
chloride-preparation of estrogen-dansyl derivatives, fluorometric 
determination of estrogens in pharmaceutical preparations, com- 
pared to compendial method Fluorometry-analysis, estrogens 
in dosage forms 


Estrogens are important therapeutic agents that 
have been used as replacements or supplements for 
inadequate supplies of the natural hormone or in 
suppressive therapy to counter the effects of other 
hormones. Many analytical procedures have been de- 
scribed for the CIS estrogens, all of which are charac- 
terized by a phenolic substituent in the 3-position. 
Some methods are based on the modified iron-Kober 
colorimetric procedure (1-7), analyses that are noto- 
riously laborious and time consuming, with the pro- 
duction of interfering background color as a result of 
the charring effect of the sulfuric acid on nonestro- 
genic impurities (7). 


Analyses of estrogens have been developed that de- 
pend on the formation of derivatives. IR quantitative 
analysis has been used to measure estrone, equilin, 
and equilenin after formation of the benzenesulfo- 
nate phenolic esters (8). The reaction with Girard’s 
reagent T is the basis of another IR spectrophoto- 
metric procedure that is somewhat nonspecific (9). 
Polarographic analysis of the Girard T (10) and ni- 
trosophenol (11) derivatives of estrogens has been re- 
ported. Unfortunately, since the half-wave potentials 


for all of the different estrogens are the same, the po- 
larographic ‘analyses are also nonspecific. 


The application of chromatographic methods to 
the separation and measurement of estrogens has 
been reported. Separations by GC have involved pure 
standards, pharmaceuticals, and steroids in biological 
media. For example, equine estrogens have been sep- 
arated after silylation (12), conjugated estrogens have 
been analyzed after preliminary hydrolysis (13), es- 
trone has been measured in dermatological dosage 
forms (14), estrogens have been monitored in human 
plasma (15), urinary estrogens have been determined 
after a preliminary TLC separation (16), and halo- 
genated estrogens have been estimated by electron- 
capture behavior (17). A high-speed liquid chromato- 
graphic procedure has been described for the separa- 
tion of equine estrogens (18). Conventional partition 
chromatography has been successful in the separa- 
tion of most constituents of conjugated estrogens 
(19). An interesting application of the adsorptive 
properties of a cross-linked dextran gel1 has been 
made to the separation of three common estrogenic 
steroids (20). 


The phenomenon of fluorescence offers the clear 
advantage of sensitivity in estrogen analysis. Al- 
though estrogens do exhibit native fluorescence, the 
observed intensity is not great enough to be useful. 
Until this point, fluorescence procedures for estro- 
gens were based on the Kober reaction that employs 
sulfuric acid to produce an analytically useful fluoro- 
phore (21-24). Simple solvent extraction could sepa- 
rate the estrogen from any interferences prior to the 
fluorogenic step (25,26). Reaction of dansyl chloride, 
a substituted naphthalene sulfonyl chloride, with the 
phenol at the 3-position of all estrogens, is an excel- 
lent procedure that results in a fluorescent deriva- 
tive. This reagent has been used in the TLC separa- 
tion of estriol in pregnancy urine (27), the TLC sepa- 
ration of dansyl derivatives of estrone, estradiol, and 
estriol, and the quantitative measurement of these 
steroids by fluorodensitometry (28, 29). Other appli- 
cations of dansyl derivative fluorescence have been 
made to primary and secondary amines (30-34), 
amino acids (30-34), and terminal amino group anal- 
ysis in proteins and peptides (32-34) as well as to 
phenols (32-35). 


This paper reports a study using the formation of 
the dansyl-estrogen followed by fluorescence mea- 


l Sephadex 
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surement for estrogen analysis in pharmaceutical 
dosage forms. Reaction conditions were investigated 
as to solvent composition, reagent concentration, and 
rate factors. The dosage form analyses were carried 
out under the determined conditions and yield re- 
sults that were quite satisfactory. 


EXPERIMENTAL* 


Chemicals and Reagents-All reagents were of analytical re- 
agent grade (ACS) purity and were used without further purifica- 
tion. Petroleum ether was ACS certified. Dansyl chloride3 (l-di- 
methylaminonaphthalene-5-sulfonyl chloride) was stored in a des- 
iccator over silica gel. Acid-washed siliceous earth4 was used. 


The following estrogen standards were used: estrone5, 3-hydrox- 
yestra-l,3,5(10)-trien-17-one, ClsH2202, mp 254-256’, mol. wt. 
270.4; estradio16 ((3-estradiol), estra-1,3,5(10)-triene-3,17@-diol, 
C18H2402, mp 177-179’, mol. wt. 272.4; estradiol benzoate6, estra- 
1,3,5(10)-triene-3,17~-diol 3-benzoate, CzsH2803, mp 191-196’, 
mol. wt. 376.5; ethinyl estradio15, 17a-ethinyl-l,3,5( 10)-estratriene- 
3,17a-diol, C20H2402, mp 141-143”, mol. wt. 296.4; and estradiol 
valerate5, estra-1,3,5(10)-triene-3,17/3-diol 17-valerate, C23H3203, 
mp 144-145’, mol. wt. 356.5. Commercial estrogen dosage forms 
were selected for analysis. 


Preparat ion of Reagents-O.OI% (0.000371 M) or 0.02% 
(0.000742 M) Dansyl Chloride Reagents-Dissolve 50 or 100 mg, 
respectively, of dansyl chloride in 500 ml of acetone. If necessary, 
filter the solution through fluted filter paper7, 18.5 cm. Dansyl 
chloride is stable in acetone. However, the solution was prepared 
freshly approximately every 3 weeks. 


Sodium Carbonate Aqueous Acetone Solution-Dissolve 1.00 g 
of sodium carbonate decahydrate in a solution of 300 ml of water 
and 150 ml of acetone. 


Water- Washed Ether-Shake equal volumes of ether and water 
for 2 min in a separator. Discard the aqueous phase. 


The following were all aqueous solutions: 2.5 N sodium hydrox- 
ide solution, 50% sulfuric acid solution (18 N ) ,  1 M sodium bicar- 
bonate solution, and dilute sulfuric acid (1 + 2). 


Analytical Applications-Procedures are provided for the 
preparation of estrogen standard solutions and the treatment of 
the various dosage forms for the isolation of the estrogens prior to 
the application of the dansyl chloride reaction and fluorometric 
measurement. 


Estrogen Standard Solutions-These solutions were prepared 
according to the following directions. Dissolve the appropriate 
quantity of estrogen, accurately weighed and dried as indicated, in 
about 25 ml of acetone and dilute to exactly 100 ml with acetone: 


quantity to be 
estrogen drying conditions weighed, mg 


estradiol 105”, 4 hr 2 
estrone 105”, 4 hr 2 
ethinyl estradiol silica gel, room temperature, 2 


estradiol benzoate 105”, 3 hr 3 
estradiol valerate lOY, 3 hr 2 


Aqueous Suspensions for Injection-Vigorously shake the sus- 
pension to be sampled to obtain a homogeneous dispersion. Using 
a “to contain” pipet, transfer accurately a volume of the estradiol, 
estrone, or other estrogen suspension equivalent to about 4 mg of 
the estrogen into a 200-ml volumetric flask, wash the pipet inner 
bore with several increments of acetone and retain the washings in 
the flask, and add additional acetone in increments t o  the flask to 
a volume of about 125 ml, swirling after each addition and heating, 
if necessary, to aid in dissolving the estrogen. Dilute to volume, 


4 hr 


* A Perkin-Elmer model MPF-3 spectrofluorometer equipped with a 
xenon lamp and power source (model 150) and a Hitachi recorder (model 
QPD-33) were used. 


Aldrich Chemical Co., Cedar Knolls, NJ 07927 
Celite 545, Johns-Manville, Denver, CO 80217 
USP Reference Standard, United States Pharmacopeial Convention, 


N F  Reference Standard, American Pharmaceutical Association, Wash- 


Whatman, 2V. 


Inc., Rockville, Md. 


in ton, DC 20037 


mix well, and filter the solution through filter papers into a glass- 
stoppered conical flask, discarding the first 25 ml of filtrate. Using 
this sample solution, continue with the procedure Fluorometric 
Determination Using Dansyl Chloride. 


Oleaginous Solutions for Injection-Using a “to contain” pipet, 
transfer a volume of estradiol, estrone, or other estrogen solution 
equivalent to about 5 mg of the estrogen into a 125-ml separator. 
To ensure complete transfer, wash the pipet inner bore with two 
10-ml and a third 5-ml portion of petroleum etherQ, retaining the 
washings in the funnel. Add 15 ml of 2.5 N sodium hydroxide solu- 
tion, shake vigorously for 2 min, and allow the phases to separate 
completely. Transfer the aqueous phase to a second 125-ml separa- 
tor and repeat the extraction of the petroleum ethe? with two ad- 
ditional 10-ml portions of 2.5 N sodium hydroxide solution, adding 
each extract to the second separator. 


Wash the combined alkaline extracts with 25 ml of petroleum 
ether, and discard the petroleum ether phase. Add 50% sulfuric 
acid dropwise to acidify the combined alkaline portion to pH 1, 
using pH indicator paper, and cool the solution. Then add 25 ml of 
benzene and shake for 2 min. Transfer the acid layer to another 
125-ml separator and extract with another 25-ml portion of ben- 
zene. Discard the aqueous layer. Wash the combined benzene solu- 
tions with two 5-ml portions of 1 M sodium bicarbonate solution 
and two 5-ml portions of water; discard the aqueous phases. 


Pass the benzene solution through benzene-washed cotton into a 
beaker, and evaporate to dryness on a steam bath with the aid of a 
current of air. Dissolve the residue in acetone, warming if neces- 
sary to aid dissolution. Transfer the solution quantitatively to a 
volumetric flask of a size such that a final concentration of 0.020 
mg/ml will result. Dilute to volume with acetone, and continue 
with the procedure Fluorometric Determination Using Dansyl 
Chloride. 


Estradiol Benzoate Injectable Solution in Sesame Oil-Pre- 
pare a chromatographic column using acid-washed diatomaceous 
earth4 as described by James (37). 


Using a “to contain” pipet, transfer a volume of sample equiva- 
lent to 15.0 mg of estradiol benzoate in oil to 9 100-ml volumetric 
flask. Wash the pipet inner bore with several portions of n-hep- 
tane, retaining the washings in the flask, and dilute to volume with 
n- heptane. 


Transfer 2.0 ml of sample solution to the column, and wash the 
column with 75 ml of n-heptane, discarding the washings. Change 
receivers to a 250-ml glass-stoppered (TS 24/40) erlenmeyer flask, 
and elute the estrogen with approximately 200 ml of n-heptane. 
Evaporate the eluate to dryness, dissolve the residue in 10 ml of 
acetone, and add 20 ml of sodium carbonate aqueous acetone solu- 
tion. Similarly, transfer 10.00 ml of the estradiol benzoate stan- 
dard solution to a glass-stoppered (TS 24/40) erlenmeyer flask, 
and add 20 ml of sodium carbonate aqueous acetone solution. 
Equip both the sample and standard flask with water condensers 
(TS 24/40 joint), and heat at reflux for 45 min. Then quantitative- 
ly transfer the contents of the conical flasks to separate 50-ml vol- 
umetric flasks, wash each flask with two successive 3-ml portions 
of the sodium carbonate aqueous acetone solution, and transfer 
each portion quantitatively to the appropriate 50-ml volumetric 
flask. Add 10.00 ml of 0.02% dansyl chloride reagent, and dilute to 
volume with the sodium carbonate aqueous acetone solution. For a 
blank, add 10 ml of acetone and 10.00 ml of 0.02% dansyl chloride 
reagent to a 50-ml volumetric flask and dilute t o  volume with the 
sodium carbonate aqueous acetone solution. Continue with the 
procedure Fluorometric Determination Using Dansyl Chloride, 
beginning with “Then let the solutions stand . . . .” 


Tablets-Weigh accurately 20 tablets, reduce them to a fine 
powder by trituration, and pass the powder through a 60-mesh 
sieve. Accurately weigh a portion of the sample equivalent to about 
1.0 mg of ethinyl estradiol or other estrogen into a 125-ml separa- 
tor. Add 10 ml of water and 0.5 ml of dilute sulfuric acid (1 + 2). 
extract with 25 ml of chloroform, separate the phases, and then ex- 
tract with two additional 25-ml portions of chloroform. 


Wash the combined chloroform solutions with two 5-ml portions 
of 1 M sodium bicarbonate solution and two 5-ml portions of 
water, and discard the aqueous phases. Pass the total chloroform 


Whatman No. 42. 
For the castor oil-containing estradiol valerate dosage form, the solvent 


used was n-heptane. 
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Figure 1-Excitation spectra of dansyl-estrone versus the 
blank in chloroform; wavelengths of excitation are  264 a n d  
355 n m  (with emission a t  502 nm). Key: A ,  dansyl-estrone; 
B, blank; a n d  C, scattered radiation. 


extract through the chloroform-washed cotton. Evaporate the 
chloroform to dryness on a steam bath with the aid of a current of 
air. Dissolve the residue in acetone, warming if necessary to aid in 
dissolution, and dilute to a final concentration of 0.020 mg/ml with 
acetone. Continue with the procedure Fluorometric Determina- 
tion Using Dansyl Chloride. 


Fluorometric Determination Using Dansyl Chloride-Take 
exactly 10 ml of the sample solution, and transfer to a 50-ml volu- 
metric flask. Add exactly 10 ml of 0.01% dansyl chloride reagent, 
and dilute to volume with sodium carbonate aqueous acetone solu- 
tion (Solution A). 


Similarly, transfer exactly 10 ml of the appropriate estrogen 
standard solution and exactly 10 ml of acetone to serve as a blank 
into separate 50-ml volumetric flasks. Add exactly 10.00 ml of 
0.01% dansyl chloride reagent, and dilute to volume with the sodi- 
um carbonate aqueous acetone solution (Solution A). Then let the 
solutions stand in the dark for 60 min. When the time has elapsed, 
transfer exactly 10.00 ml from Solution A into a 125-ml separator. 
Extract with three 10-ml portions of water-washed ether, filter 
each fraction through ether-washed cotton into a 50-ml glass-stop- 
pered conical flask, and evaporate the combined ether fractions to 
dryness on a steam bath under a stream of air. Dry the residue for 
15 min in a vacuum desiccator containing silica gel. Transfer ex- 
actly 10.0 ml of chloroform to each flask (Solution B). Read the so- 
lutions in l-cm quartz cells in a spectrofluorometer, setting the 
standard solution fluorescence to read 70% full-scale deflection; 
the excitation and emission wavelengths are 355 and 502 nm, re- 
spectively (Figs. 1 and 2). 


Calculations-The fluorescence intensity (F) of the standard 
and sample is measured a t  their maximum a t  502 nm. The fluores- 
cence intensity of the blank, measured at the same wavelength, is 
subtracted from the readings of both the sample and standard. 
The concentration of estrogens in injectables is calculated as: 


F,,I - Fblank 


F a r d  - Fblank 


weight of standard, mg 
X X 


volume of sample taken, ml 
dilutions of standard 
dilutions of sample X 


volume of initial 
sample solution, ml 


volume of initial 
standard solution, ml 


mg of estrogen 
ml of injection taken 


- (Eq. 1) 


Alternatively, the concentrations can be determined from standard 
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Figure 2-Emission spectra of dansyl-estrone versus the 
blank in chloroform; wavelength of emission is 502 nm (with 
excitation at 355 nm). Key: A, dansyl-estrone; B, blank; a n d  C, 
vcattered radiation. 


curves. The concentration of estrogens in tablets is calculated as: 


X 
FspI - Fblsnk 


Fstd - Fblank 


weight of standard, mg 
dilutions of sample 


dilutions of standard 
weight of sample X 


(Eq. 2) 
mg of ethinyl estradiol 


tablet 
average tablet weight = 


RESULTS AND DISCUSSION 


Formation of Dansyl-Estrogen Derivatives-Dansyl Chlo- 
ride Reactions-The chemical reaction of interest may be conve- 
niently described by Scheme I. 


Scheme I 


The scheme is presented in a generic manner in that the base B: 
may be any base such as OH- or C03-*. I t  seems clear that the 
reaction should proceed well in an alkaline solution or in the pres- 
ence of a base since the chemical change involves the displacement 
of the chloride ion by the phenolate species. 


Solution conditions not only have an effect on the desired reac- 
tion (Scheme I)  but promote a concomitant change since the base 
can also cause reaction of the dansyl chloride to yield an undesired 
product. Thus, if hydroxyl ion is the base, the reaction produces 
1-dimethylaminonaphthalene-5-sulfonate. In addition, an unfortu- 
nate solvent choice could cause hydrolysis of the dansyl-estrogen 
derivative. The reaction conditions must permit complete forma- 
tion of the dansyl-estrogen derivative and yet minimize the unde- 
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Table I-Recovery S t u d y  of Estrone, Estradiol, a n d  Estradiol  Benzoate  in Dosage Forms  


Prepared Percent Range  of 
Concentration, Recovered Percent Coefficient of 


Sample Replicates mg/ml (Average) Recovered SD Variation, % 


Es t rone  aqueous 4 20 


Estrone aqueous 4 5 a  
suspension 


100.1 99.8-100.3 f 0 . 3  0.264 


102.6 101.9-103.8 f 0 . 8  0.813 
suspension 


oil solution hvn the t i c  
Estradiol in sesame 7 1.018b 9 9 . 3  95.8-101.1 h l . 9  1.92 


preparation j " 


oil solution (synthetic 
preparation) 


sesame oil (synthetic 
preparation) 


sesame oil (synthetic 
preparation) 


Estradiol  in sesame 6 0 .994b 100.6 98.6-102.9 f l . 5  1.51 


Estradiol benzoate in 4 2.99b 99.9 98.1-101.8 f 2  . o  2.03 


Estradiol benzoate in 4 4.94b 99 .2  97.1-101.5 h 1 . 8  1.82 


Spiked with 2.892 pg of estrone. 3% (v/v) benzyl alcohol. 


sired reactions of the dansyl chloride and the dansyl-estrogen hy- 
drolysis. The various reaction conditions studied are treated in the 
following sections. 


Reaction Solvent Composition-Two factors must be consid- 
ered when selecting a solvent system-viz., the maintenance of a 
homogeneous system and the preservation a t  a reasonable rate of 
the reaction described by Scheme I. The dansyl chloride reagent is 
soluble in acetone, but a high proportion of acetone in the solvent 
reduces the velocity of the reaction (34). On the other hand, water 
increases the speed of the dansyl derivatization reaction but it can 
likewise accelerate the rate of the undesired hydrolytic conversion 
of the dansyl chloride to the corresponding sulfonic acid and of the 
desired dansyl-estrogen to the parent estrogen. 


Experiments have indicated that acetone-water mixtures offer 
desirable advantages (27, 34). As the ratio of acetone to water is 
decreased from a 1:l ratio, the solvent polarity increases and the 
effect is that  there is a net loss of dansyl-estrogen by hydrolysis 
(with a resultantly diminished fluorescence) as well as an increase 
in the hydrolysis of dansyl chloride. The optimum solvent compo- 
sition was an acetone-water system in a 2:3 volume ratio; this me- 
dium was used in the various estrogen analyses to be described. 


Reagent and Base Concentrations and Reaction Rate-Study 
of Scheme I indicates that a 1:l stoichiometric relationship exists 
between estrogen and dansyl chloride. However, to ensure the 
completeness of the reaction, a five- to 10-fold excess of dansyl 
chloride reagent was chosen and used satisfactorily. 


Since the dansyl-estrogen reaction (Scheme I) proceeds by 
means of the estrogenic phenolate ion, the need for a base must be 
incorporated into the analytical solvent system. When using aque- 
ous properties as a guide only, calculations show that there is very 
little phenolate species in solution a t  pH 8, the predominant form 
being the conjugate acid, phenol. At pH 9, 25% of the total phenol 
is present as the phenolate ion; at pH 12 the percentage rises to 
more than 99% phenolate ion. However, a t  very alkaline conditions 
the hydrolysis of dansyl chloride and the dansyl-estrogen deriva- 
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Figure I-Efiect of apparent pH on the fluorescence intensity 
of dansyl-estrogen derivatives. 


tive becomes significant, depleting the reagent and resultantly af- 
fecting the desired derivatization reaction (Scheme I). 


The means to establish optimum alkaline conditions was taken 
as the production of maximum fluorescence when the dansyl-es- 
trogen reaction was conducted under particular conditions. The re- 
sults of such a study are presented in Fig. 3, and the plot indicates 
that an apparent pH range of 11-12 is optimum. Sodium carbonate 
was chosen as the base since i t  is convenient to use and is strong 
enough to achieve, but not exceed, the desired alkalinity. 


T o  determine an effective sodium carbonate concentration, a se- 
ries of studies (Fig. 4) was carried out. The concentration of sodi- 
u m  carbonate was varied, and the fluorescence intensity achieved 
by the dansyl chloride-estrogen reaction was measured as a func- 
tion of time. The results indicate that  in each case the maximum 
fluorescence is attained in about 30 min. The intensity of fluores- 
cence is seen to be smallest when the largest quantity of 40 mg of 
sodium carbonate decahydrate is in solution. This phenomenon is 
probably ascribable to an increase in the reverse reaction (Scheme 
I) causing hydrolysis of the fluorescent dansyl-estrogen derivative 
and the dansyl chloride reagent. The intermediate concentration 
of sodium carbonate decahydrate results in a fluorescence that 
reaches a maximum within 30 min and is relatively stable for long 
periods. These results suggest that  the best concentration of base 
is about 20 mg of sodium carbonate decahydrate in 30 ml of solu- 
tion. 


The described study that established the concentration of sodi- 
um carbonate to be used also permitted the selection of tempera- 
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Figure 4-Speed of reaction at various concentration levels 
of sodium carbonate decahydrateat 22 =k 2'. The symbols used 
indicate the weight of sodium carbonate decahydrate in milli- 
grams dissolved in 30 ml of 40% H 2 0  in acetone for each study. 
Key: A, 10; Q20; and 0, 40. 
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Table 11-Determination of Estrogens in Various Dosage Forms 


Sample 


Declared, 
mg/ml or  Average, 


Replicates mg/Tab le t  % Range  SD 
Coefficient of 
Variation, % 


Estrone aqueous 8 1 1 . 0 6  (106) 1.04-1.07 =to ,0119 1 . 1 2  
suspension-1 


suspension-2 


suspension-3 


suspension-4 


oil injection 


castor oil-1 


sesame oil-2 


tablets 


Estrone aqueous 8 2 1 . 9 8  (99) 1.91-2.02 2 ~ 0 . 0 3 8 9  1 . 9 7  


Estrone aqueous 5 2 2 . 0 0  (100) 1 .98-2.05 f O  ,0306 1 . 5 3  


Estrone aqueous 6 5 4 . 8 2  (96.4)  4.80-4.85 f O  ,0177 0 .367  


Estradiol in sesame 10 1 0.955 (95.5)  0.940-0 ,970 f O  ,010 1 . 0 5  


Estradiol valerate in 4 20 2 0 . 2  (101) 19.8-20.6 f O  ,370 1.83 


Estradiol valerate in 4 4a 3.91 (97.8)  3 .87-3.98 f O  ,0497 1 . 2 7  


Ethinyl  estradiol 8 0 .5  0 .487  (97 .4 )  0.475-0 ,499 f O  ,00998 2 . 0 4  


a With testosterone enanthate, 90 mg/ml. 


ture and time variables. From Fig. 4 it is seen that a constant fluo- 
rescence intensity is reached after 30 min a t  22O. To ensure com- 
plete reaction, 60 min a t  room temperature was chosen as the reac- 
tion conditions for each estrogen analysis. 


In this work, the manner of preparation of the reaction solution 
system is an important consideration, since the solvent is an ace- 
tone-water mixture with dissolved sodium carbonate. Since sodi- 
um carbonate is insoluble in acetone, aqueous solutions seem like a 
good way to introduce sodium carbonate. However, if an aqueous 
solution of sodium carbonate is added to acetone, an undesired 
two-phase system results. To have a homogeneous solvent, the so- 
lute sodium carbonate must be dissolved in the mixed acetone- 
water system. 


Isolation of Dansyl-Estrogen Derivatives-Although the de- 
sirable analytical reaction may be expected to proceed to comple- 
tion, the reaction solution may contain dansyl-estrogen derivative, 
excess dansyl chloride reagent, and dansyl hydroxide, formed by 
hydrolysis of the reagent. TLC monitoring of reaction solutions 
showed that any excess dansyl chloride is hydrolyzed to the corre- 
sponding sulfonic acid after 30 min, the analytical reaction time. 
Thus, to avoid interference, i t  becomes necessary to separate the 
dansyl hydroxide (a fluorescent sulfonic acid) from the dansyl-es- 
trogen derivative. 


Since the dansyl hydroxy is acidic, it forms a sodium salt and 
the dansyl-estrogen can be conveniently extracted from the alka- 
line reaction solution with a suitable organic solvent. Two of the 
organic solvents tried, isooctane and chloroform, were judged un- 
suitable because of turbidity. Ether did not give rise to turbidity 
and, in addition, the desired solute possessed a high partition coef- 
ficient in the ether-alkaline reaction solution. Calculations show 
that almost 99% of the dansyl-estrogen is extracted with the first 
10-ml portion of ether. Thus, three 10-ml portions will extract vir- 
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Figure 5-Relationship between fluorescence intensity and  
concentration for three estrogens including a least-squares plot. 
Key: 0, ethinyl estradiol; A, estradiol; and 0, estrone. 


tually 100% of the dansyl-estrogen from the alkaline reaction solu- 
tion. 


Emission and  Excitation Spectra  of Dansyl-Estrogen De- 
rivatives-The emission and excitation spectra (uncorrected) of 
dansyl-estrone and the blank in chloroform, the solvent to be used 
analytically, are shown in Figs. 1 and 2. For dansyl-estrone, two ex- 
citation maxima a t  264 and 355 nm are observed. The intensity of 
the peak a t  355 nm is approximately five t i m i  greater than the 
peak a t  264 nm. Both excitation peaks produce an emission peak 
a t  502 nm. Since all of the derivatives have the same fluorophore, 
all dansyl-estrogen derivatives have similar emission and excita- 
tion spectra. 


The blank is run under identical reaction conditions utilizing 
the same reagents and solvents as the estrogen, except that  the es- 
trogen solution is replaced by an identical solvent volume (ace- 
tone). The blank has a different emission spectrum than dansyl- 
estrone, indicating that it is composed entirely of trace amounts of 
unextracted, intact and hydrolyzed dansyl chloride. The emission 
peak is a t  490 nm, and the excitation peak is at 355 nm. 


To minimize errors, it is highly recommended that a blank be 
run parallel to any estrogen determinations and that its fluores- 
cence intensity be subtracted from that of the estrogen. 


Fluorescence Intensity, Concentration, and  Sensitivity- 
The relationship of the fluorescence intensity of the dansyl-estro- 
gen to estrogen concentration was studied using estrone as a gener- 
ic model. This type of class representation is possible since, in this 
instance, the fluorophore is the same for all estrogens-uit., the ar- 
omatic ring A with a dansyl phenolic ester a t  the 3-position. Figure 
5 is a least-squares plot of the fluorescence intensity of the dansyl- 
estrone derivative at  14 different concentrations with all solution 
components constant, estrone being the sole variable. The fluores- 
cence intensity is linear with estrone concentration up to a concen- 
tration of 3 Wg/ml; the correlation coefficient was calculated to be 
0.996. The deviation from linearity a t  high concentrations is taken 
to be concentration quenching. Studies with estradiol and ethinyl 
estradiol showed linearity up to 6 and 4 fig/ml, respectively. These 
results indicate that the dansyl-estrogen system is amenable to an- 
alytical applications. 


The sensitivity level was estimated to be 0.5 figlml for the final 
concentration of estrogens based on a minimum exhibited dansyl- 
estrogen fluorescence intensity of three times the blank. Below this 
concentration level, there are interferences due to residual and hy- 
drolyzed dansyl chloride reagent. By using the USP XVIII proce- 
dure as a guide, i t  was estimated that the iron-Kober method has a 
sensitivity of about 1 pg/ml (36). Thus, the proposed method is 
about twice as sensitive. 


APPLICATIONS 


Isolation of Estrogens from Dosage Forms-As is usually the 
case, an analytical step cannot be applied until the material to be 
measured has been isolated from other dosage form components. 
The liquid-liquid extraction systems used in this work rely on the 
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obvious acid-base properties of estrogens. These compounds, 
being phenols, conveniently form water-soluble sodium salts 
whereas the phenol itself is soluble in a number of organic sol- 
vents. 


Although the organic solvents used in the described labora- 
tory procedures work well, some circumstances may require differ- 
ent solvents. This behavior is used where necessary to remove the 
estrogens from their dosage form matrixes. In those instances 
where the acid-base behavior cannot be used, chromatographic 
separations may be applied. 


Dosage Form Analyses-To evaluate the proposed method in 
terms of its ability to isolate and measure estrogens, a recovery 
study was carried out on an aqueous suspension and an oil solution 
(Table I). In the case of the estrone aqueous suspension, a stan- 
dard estrone was added to each sample of estrone suspension. The 
percentage recovery reported is based on the total estrogen pres- 
ent, i.e., the quantity present in the original dosage form as well as 
the amount added. The recovery percentages and standard devia- 
tions (<1%) indicate the proposed procedure to be quite efficient 
and capable of measuring estrone in aqueous suspension. 


The recovery and measurement of estradiol in an oleaginous me- 
dium were studied with solutions prepared in the laboratory and 
hence labeled “synthetic.” To make the situation realistic, benzyl 
alcohol was included since, in some instances, it is added as a bac- 
teriostatic agent as well as a local anesthetic. The results are excel- 
lent, with recoveries at  100.096 and standard deviations of less than 
2%. These results demonstrate that the separation and measure- 
ment procedure used separates the estrogen from any interferen- 
ces and that the benzyl alcohol does not interfere. Replicate analy- 
ses indicate the expected reproducibility. 


It should be mentioned that phenol or phenolic compounds, e.g., 
the parabens, used on occasion in estrogen dosage forms, would be 
expected to, and do in fact, interfere in the analysis. Thus, since 
the separation procedure presented here does not separate other 
phenols from the phenolic estrogens, another separation scheme 
would be required if nonestrogenic phenols are present or the in- 
terference is anticipated in some manner. Chlorobutanol, another 
preservative, did not interfere. 


The use of estradiol benzoate in dosage forms in the recovery 
study introduces a problem heretofore not encountered since the 
benzoate is a phenolic ester. Since the benzoate ester does not offer 
a free phenolic function, the acid-base liquid extraction used for 
other estrogens could not be employed. A chromatographic column 
procedure was adopted (37,38) to  isolate the estrogen from the oil. 
Once the separation is complete, the ester needs to be hydrolyzed 
to make the phenol available for the dansyl reaction. By using the 
procedure described in the Experimental section, the analysis was 
carried out and the results are presented in Table I. These results 
are excellent (based on label statement) and are reproducible to 
within 2%. 


The dansyl-estrogen proposed procedure was studied compara- 
tively by using a common estrone aqueous suspension as the test 
sample. The latter sample was analyzed by the official NF XI11 
procedure, a gravimetric analysis based on reaction of the 17-keto 
group with a hydrazide, and the dansyl-estrogen method. The 
coefficient of variation for the analyses are as follows: NF XIII, 
3.20%; and dansyl, 0.68%. Although the basis for each method is 
different, the results are comparable with a standard deviation for 
the NF XI11 of 2.04 f 0.065 and for dansyl of 2.06 f 0.014, indicat- 
ing that the dansyl procedure yields reliable results with accept- 
able reproducibility. 


A number of commercial estrogen injectables and suspensions 
and one estrogen tablet were analyzed by this method (Table 11). 
Inspection of these results indicates that, in each instance, the 
values are within acceptable limits, with the minimum percentage 
of 94.3%. The reproducibility is satisfactory, with only 1 SD slight- 
ly greater than 2%. For those products that are official compendia1 
dosage forms, these analyses indicate them to be within rubric lim- 
its. 


The analysis of estradiol valerate, although an ester, may be car- 
ried out by the general procedure since the ester is a t  the 17-posi- 
tion and does not interfere with the dansyl reaction. There is a 
complication, however, owing to the nature of the oil solvent used 
in the dosage form. In this study, the castor oil-based estradiol val- 
erate dosage form required the use of n-heptane as the organic sol- 
vent. The remainder of the procedure is the same. As may be seen 
from Table 11, one estradiol valerate sample analysis was conduct- 


ed in the presence of testosterone enantliate. Since no interference 
is observed, as is evident from the assay values, the procedure 
would be expected to  function satisfactorily in the presence of an- 
drogenic steroids. 


One sample of ethinyl estradiol tablets (0.5,mg/tablet) was ana- 
lyzed (Table 11). The procedure was also applied to the analysis of 
single tablets satisfactorily. Although the results are more than ad- 
equate, lower potency ethinyl estradiol tablets, 0.05 mghablet, 
were difficult to analyze and results were inconsistent and nonre- 
producible. At this low estrogen level, the behavior may be due in 
part to the interference of tablet excipients and excess dansyl chlo- 
ride reagent. The method of James (39) is suggested as an alterna- 
tive. 


A t  present, work is proceeding.in the study of the application of 
the dansyl-estrogen system to the analysis of the components of 
conjugated estrogens. 
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Determination of Acetaminophen in Pharmaceutical 
Preparations and Body Fluids by High-Performance Liquid 
Chromatography with Electrochemical Detection 


RALPH M. RIGGIN, ALLEN L. SCHMIDT, and PETER T. KISSINGERx 


Abstract A sensitive and very rapid assay for acetaminophen 
was developed based on the combination of high-performance 
chromatographic columns with a thin-layer electrochemical detec- 
tor. Application to liquid and solid dosage forms and body fluids 
has been demonstrated. Great advantage derives from the detector 
selectivity, which permits discrimination against many potentially 
interfering substances without need for extensive separations or 
formation of derivatives. As little as 0.005% of the hydrolysis prod- 
uct, p-aminophenol, can be detected in the presence of the intact 
drug following cation-exchange chromatography. Acetaminophen 
can be quantitatively determined in serum on the 50-ng/ml level 
by liquid chromatography using a pellicular polyamide packing. 


Keyphrases 0 Acetaminophen-analysis in dosage forms, serum, 
and urine, high-performance liquid chromatography with electro- 
chemical detection 0 Liquid chromatography, high performance- 
determination of acetaminophen in pharmaceutical preparations 
and body fluids, electrochemical detection p-Aminophenol-de- 
termination of trace amounts in acetaminophen preparations, 
high-performance liquid chromatography with electrochemical de- 
tection 


Fundamental advances recently have been made in 
liquid chromatography and analytical electrochemis- 
try. Both fields depend on heterogeneous processes, 
which are now sufficiently well understood to permit 
optimization of the controlling parameters. This 
knowledge has resulted in a new enthusiasm for 
methods that only a few years ago were thought to be 
outmoded. Liquid chromatography, while easy 
enough to use, continues to suffer from the lack of a 
completely satisfactory detector, particularly one 
with sufficient sensitivity to compete with GC. On 
the other hand, modern electrochemical techniques 
have attained considerable sensitivity but suffer from 
rather poor resolution, chronic irreproducibility, and 
poor human engineering. 


It is not surprising that great advantages accrue 
from combining the two technologies. Strong paral- 
lels exist with the more established association of liq- 


uid chromatography and electronic spectroscopy 
(both absorption and emission). In both cases, two 
phenomena of modest specificity are combined into a 
single high-resolution device. The optical instrumen- 
tation presently used in liquid chromatography is 
often insufficiently sensitive or selective for quanti- 
tating body fluid levels for many clinically important 
compounds. Although less generally applicable than 
optical devices, electrochemical detectors can some- 
times form the basis for successful assay procedures. 


Recently, a thin-layer electrochemical transducer 
was developed that has significant advantages over 
conventional electrochemical cells when coupled to 
high-performance liquid chromatography (1, 2). The 
principles of operation of this detector and other de- 
velopments in hydrodynamic electrochemistry have 
been described (2, 3). In brief, the column effluent is 
passed between two plates separated by a thin spacer 
(typically 50 pm). Electrodes imbedded in the walls 
of the channel efficiently convert sample molecules 
into the product due to the short diffusional pathway 
across the moving solution film. It is possible in this 
manner to detect as little as 1 pg of an electroactive 
material while maintaining a detector dead volume of 
less than 1 bl. 


In view of the large number of electrochemically 
reactive pharmaceuticals, liquid chromatography 
with electrochemical detection could have wide utili- 
ty in quality control and drug metabolism studies. 
The present paper describes several procedures de- 
veloped for acetaminophen (N-acetyl-p- aminophe- 
nol) in dosage forms and body fluids. 


Acetaminophen is most commonly assayed in dos- 
age forms by spectrophotometry. The drug may be 
monitored directly (4 ,  5) or following conversion to 
2-nitro-4-acetamidophenol (6). Many published pro- 
cedures are based on acid hydrolysis to p-aminophe- 
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Disintegration Properties of 
Calcium Phosphate Dibasic Dihydrate Tablets 


K. A. KHAN * and C. T. RHODES Sx 


Abstract The effect of compressional force on the disintegra- 
tion time of tablets prepared from calcium phosphate dibasic dihy- 
drate containing various tablet disintegrants was examined. The 
results show that effects of compressional force on disintegration 
time are of two types. The first type is that of insoluble disinte- 
grants, e.g., starch and a cation-exchange resin, where the disinte- 
gration time initially shows a dramatic decrease. After this de- 
crease, a further increase in compressional force appears to have 
no effect on the disintegration time. The second type is that of sol- 
uble disintegrants, e.g., calcium sodium alginate, sodium carboxy- 
methylcellulose, and sodium starch glycolate, where variation in 
compressional force has very little effect on the disintegration 
time. These results are discussed in terms of the differing mecha- 
nism whereby these substances act as disintegrants. 


Keyphrases Calcium phosphate dibasic dihydrate-disintegra- 
tion time 0 Disintegrants-effect of compressional force on disin- 
tegration of starch, cation-exchange resin, calcium sodium algi- 
nate, sodium carboxymethylcellulose, sodium starch glycolate 


Several investigators have studied the effect of 
compressional force on the disintegration time of 
tablets. Most published reports have shown that an 
increase in compressional force increases the disinte- 
gration time. The disintegration time for tablets was 
shown (1, 2) to continue to increase as the com- 
pressional force increased, even though the compres- 
sion ratio of the tablets had reached a maximum. 


Similarly, a semilogarithmic relationship was 
found (3, 4) between the disintegration time and the 
compressional force for certain tablets made by static 
methods, despite the fact that their porosities 
reached constant values. A linear relationship be- 
tween the compression pressure and disintegration 
time of tablets containing lactose and potato starch 
was found (5) .  From studies (6) of starch and aspirin 
tablets, a two-phase increase was reported when the 
results were plotted on a linear scale. When using 
various celluloses in different organic and inorganic 
bases, there was a two-stage linear increase in the 
logarithm of the disintegration time with increasing 
compression pressure (7). 


It was found that although the disintegration time 
increases with increasing compressional force, the re- 
lationship differs with each formulation (8). An en- 
tirely different relationship was recently shown (9) 
for dicalcium phosphate dihydrate tablets containing 
a cation-exchange resin; an increase in compressional 
force enhanced the dissolution efficiency and re- 
duced the disintegration time. Following this work, it 
was considered important to examine the effect of 
the presence of different disintegrants on the rela- 
tionship between compressional force and disintegra- 
tion time of tablets prepared from an insoluble di- 
rect-compression system, since these areas have not 
been investigated previously. 


EXPERIMENTAL 


Materials-Starch (BP grade), calcium sodium alginate', cat- 
ion-exchange resin2, sodium starch glycolate3, sodium carboxy- 
methylcell~lose~, calcium phosphate dibasic dihydrate5 (un- 
milled), and magnesium stearate (BPC grade) were used. 


Methods-The excipients were mixed with the lubricant and 
10% (w/w) of disintegrant by quartering and shaking vigorously in 
a plastic bag. The lubricant used was 1% magnesium stearate, 
which was passed through a No. 60 hand screen before blending 
with the other powders. The tablets were made on an instrument- 
ed single-punch machine6 using 1.02-cm (0.4-in.) flat punches. 


The upper punch forces were measured by using Kistler load 
cells in a similar manner as described by Marshall (10). The parti- 
cle density of the mixtures was determined using a specific gravity 
bottle, with benzene as the supernatant liquid. Apparent tablet 
densities were obtained from thickness and diameter measure- 
ments of a t  least 10 tablets. 


Tablet porosity was calculated from particle density and appar- 
ent tablet density values. The mean hardness7 of a t  least five tab- 
lets was obtained. Disintegration times were determined on a dis- 
integration apparatus* using the BP method. The mean of at least 
five determinations was obtained. 


RESULTS AND DISCUSSION 


Figure 1 shows the effect of compressional force on the porosi- 
ties of the calcium phosphate tablets containing different disinte- 


5 t  
I I 1 I 


1000 2000 3000 
APPLIED FORCE, kg 


Figure 1-Effect of applied forceon theporosity of tabletspre- 
pared from calcium phosphate dibasic dihydrate containing 
different disintegrants. Key: A, cation-exchange resin; 0, 
sodium carboxymethylcellulose; O, sodium starch glycolate; 
0, calcium alginate; and ., starch. 


Alginate F417, supplied by Alginate Industries, London, En land 


Primojel, supplied by Gordon Slater Ltd., Cheshire, En land 
Courlose P20, British Celanese Ltd., Coventry, Englanrf 


' 


Supplied by Albright and Wilson, Idbury, Worcestershire, England. 
Manesty type F3. 
Erweka hardness tester. 
Manesty. 


* Amberlite 1RP88, supplied by Lemming Chemical Ltd., Eondon, En- 
gland. 
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Figure 2-Effect of applied force on thehardness of tablets pre- 
pared from calcium phosphate dibasic dihydrate containing 
different disintegrants. Key: a, cation-exchange resin; 0, 
sodium carboxymethylcellulose; a, sodium starch glycolate; a, 
calcium sodium alginate; and #, starch. 


grants. It is apparent that the porosity of all tablets decreased with 
increasing compressional force. The rate of decrease in porosities 
with increasing pressure appears to be the same with all disin- 
tegrants. The cation-exchange resin produced the most porous 
tablets and starch the least porous. 


I t  is well known that starch undergoes plastic deformation under 
compression (11); its glidant action may have also contributed to 
the closer packing. The higher porosity of tablets containing the 
cation-exchange resin probably resulted mainly from the poor 
cornpression characteristics of this disintegrant (12). The poor ad- 
heqion between the cation-exchange resin and calcium phosphate 
particles is further confirmed by the effect of compressional force 
on tablet hardness (Fig. 2). Here again, the tablets containing cat- 
ion-exchange resin were softer. 


The effect of compressional force on tablet disintegration time 
reveals that there are two types of disintegrant behavior (Fig. 3). 
In the first type (starch and the cation-exchange resin), the disin- 
tegration time initially shows a dramatic decrease, after which a 
further increase in compressional force appears to have no effect 
on the disintegration time. In the second type (calcium sodium al- 
ginate, sodium carboxymethylcellulose, and sodium starch glyco- 
late), variation of compressional force has very little effect on the 
disintegration time. 


The literature generally reports that harder tablets take longer 
to disintegrate, but Fig. 3 shows that in the systems investigated 
the reverse appears to be the case. Although the finding of Higuchi 
et al. (4) cannot be compared with those presented in this paper 
because of great differences in the formulations used, there is one 
important similarity. These workers found an initial decrease in 
the disintegration time for tablets containing starch. A similar be- 
havior was found in this study for tablets containing starch and 
the cation-exchange resin (Fig. 3). 


This behavior might be explained by the hypothesis proposed 
(1) for potato starch and phenacetin tablets. As the compression 
force increases, the tablet porosity decreases, and the pore diame- 
ter may also decrease, as noted previously (13, 14) using tablets of 
aspirin and starch. At low compression forces, often as much as 
20% void space exists within the tablet, and the pore diameter is 
large. Penetration by the disintegration fluid is, therefore, very 
rapid, and the disintegrant particles begin to swell and fill the void 
space without immediately affecting tablet disintegration. 
As the compression force increases, the time taken for penetra- 


tion of fluid and the swelling of disintegrant particles with subse- 
quent tablet disintegration is increased by the reduction in pore 
size. There is, however, a decrease in porosity (Fig. l), which 
means that the swelling particles have a more immediate effect on 
the tablet structure. The effectiveness of starch and the cation- 
exchange resin, when used at  10% concentration, perhaps counter- 
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Figure &Effect of applied force on the disintegration time of 
tublets prepared from calcium phosphate dibasic dihydrate con- 
taining different disintegranta. Key: A, cation-exchange resin; 
#, sodium carboxymethykellrrlose; 0, sodium starch glycolate; 
0, calcium sodium alginate; and a, starch. 


acts the effect of reduced penetration. Thus, further increase in 
compressional force does not affect the disintegration time. 


Other reasons for the reduction of disintegration time with in- 
creased compressional force (for tablets prepared from calcium 
phosphate dibasic dihydrate) have been described (9). The phe- 
nbmenon of initial decrease in disintegration time with increasing 
compression force is more pronounced for insoluble disintegranta 
because the rate-determining step becomes that of water penetra- 
tion with subsequent swelling of disintegrant particles. 


The second group of disintegrants (sodium starch glycolate, so- 
dium carboxymethylcelluloe, and calcium sodium alginate) is 
somewhat soluble. The disintegration of tablets containing these 
disintegranta is brought about by a number of factors, including 
dissolution of diaintegrant particles. After the penetration of 
water, the disintegrant particles absorb water and begin to swell 
and also to dissolve. All these factors are additive in their effect 
and counteract the effect of reduced penetration due to reduction 
in pore size. The result (Fig. 3) is that disintegration time is largely 
unaffected by the increase in compressional force. 


In conclusion, it is suggested that the effect of compressional 
force on tablet disintegration may depend upon the disintegrant 
and the diluent used. Generalizations such as the harder the tab- 
let, the slower the disintegration rate are not applicable to all sys- 
tems. 


This study also reveals an extremely important property of cal- 
cium phosphate dibasic dihydrate. The disintegration time of tab- 
lets prepared from this material, contrary to most published re- 
ports, does not increase with increasing compressional force. 
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Improved Synthesis of 
18- Hydroxydeoxycorticosterone 


W. DAVID SLAUNWHITE and A. J. SOLOx 


Abstract Hypoiodite photolysis of 3B-acetoxy-5-pregnen-2Of?-ol 
gave 3~-acetoxy-5-pregnene-l8,20-lactone in 46% yield. Lithium 
aluminum hydride reduction of the latter afforded 3j3,18,20&trihy- 
droxy-5-pregnene (91% yield) which, on Oppenauer oxidation, was 
converted to 18-hydroxyprogesterone (66%). Lead tetraacetate oxi- 
dation followed by mild saponification gave 18-hydroxydeoxycort- 
icosterone (58% yield). 


Keyphrases 0 18-Hydroxydeoxycorticosterone-synthesis 18,- 
20-Oxido-20-hydroxy-4-pregnen-3-one-synthesis 18-Hydroxy- 
progesterone-synthesis 


Because recent evidence suggests that 18-hydroxy- 
deoxycorticosterone (I) may be an important caus- 
ative agent in hypertension (1-6), considerable inter- 
est recently has been shown in the synthesis of this 
compound. Syntheses reported to date have either 
been overly long (71, low in yield (7, 8), or lacking in 
needed experimental detail (9). The details of a 
short, reproducible, high yield synthesis of I from 
3P-acetoxy-5-pregnen-20-one (11) are now reported 
(Scheme I). 


DISCUSSION 


3j3-Acetoxy-5-pregnen-20@-01 (III), prepared in 69% yield by bo- 
rohydride reduction of pregnenolone acetate (II), was subjected to 
photolysis in the presence of lead tetraacetate and iodine (10) to 
afford 3&acetoxy-5-pregnene-18,20-lactone (IV) in a yield of 46%. 
Lithium aluminum hydride reduced IV to 3&18,20B-trihydroxy-5- 
pregnene (V) in a yield of 91%. Oppenauer oxidation converted V 
to 18,20-oxido-20-hydroxy-4-pregnen-3-one (VI) in 66% yield. 


The latter hemiketal (VI) was oxidized by lead tetraacetate in 
acetic acid (9) and then hydrolyzed with dilute hydroxide to form 
I. Reaction for 18 hr with excess tetraacetate caused the intermedi- 
ate 21-acetoxy Compound VII to cleave to form the lactone VIII. 
However, by limiting the reaction time to 6 hr, VI could be trans- 
formed to I in 58% yield. An attempt to improve this yield by lim- 
iting the amount of tetraacetate proved futile. 


In summary, the reported procedure has permitted the repro- 
ducible preparation of I from a cheap and readily available starting 
materiai in an overall yield of 11%. 
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EXPERIMENTAL' 


3~-Acetoxy-5-pregnen-20~-01 (111)-Pregnenolone acetate 
(20 g) in tetrahydrofuran (100 ml) was added to sodium borohy- 
dride (3 g) in water (10 ml) and stirred at  room temperature for 72 
hr. Acetic acid was added and then the mixture was diluted with 
water. The solvent was concentrated under reduced pressure. 


The solid was filtered, dried, and then chromatographed on a 
column of 200 g of acidic alumina. Elution with benzene-ethyl ace- 
tate (100:20) afforded Ill in a yield of 14 g (69%); mp 167" [lit. (11) 
mp 165"]; IR (CHC13): u 3610 and 1720 cm-l; NMR: 6 0.78 (s, C-18 
H), 1.04 (9, C-19 H), 2.03 [s, O(O=)CCH3], and 5.39 (d, J = 4 Hz, 


3~-Acetoxy-5-pregnene-18,2O-lactone (1V)-To a stirred 
suspension of lead tetraacetate (15 g) and calcium carbonate (5 g) 
in cyclohexane (500 ml) a t  80° were added iodine (4 g) and 111 (5 
g). The stirred mixture was refluxed and irradiated with a 250-w 
tungsten lamp for 150 min and then was cooled and filtered. The 
filter cake was washed with cyclohexane, and the filtrate was 
washed with aqueous sodium thiosulfate (5%) and water. After 
pyridine (1.25 ml) was added, the filtrate was concentrated under 
reduced pressure. 


The residue was dissolved in acetone (100 ml), and silver chro- 
mate (2.5 g) was added. The mixture was cooled to Oo, and 5.7 ml 
of a solution prepared by dissolving chromium trioxide (13.3 g) in 
sulfuric acid (11.5 ml) and diluting to 50 ml with water was added 
slowly. After 60 min a solution of sodium acetate (60 g) in water 
(100 ml) was added. The mixture was extracted two times with 
benzene. 


The organic layer was washed (water), dried (magnesium sul- 
fate), and concentrated under reduced pressure. Crystallization 
from benzene-ether gave IV in a yield of 2.4 g (46%), mp 20%210°; 
IR (CHC13): Y 1745 and 1720 cm-'; NMR: 6 1.13.(s, C-19 H), 2.02 
[s, O(O=)CCH& and 5.40 (9, C-5 H). 


Anal.-Calc. for C23H3204: C, 74.16; H, 8.66. Found: C, 74.23; H, 
8.66. 
3P,18,20(3-Trihydroxy-5-pregnene (V)-A mixture of IV (1 g) 


and lithium aluminum hydride (1 g) in tetrahydrofuran (60 ml) 


C-5 H). 


Melting points were determined in an open capillary tube on a Mel-temp 
apparatus and are uncorrected. IR spectra were recorded on a Beckman IR- 
8. NMR spectra were determined on a Varian A-60 spectrometer in deutero- 
chloroform solution and are reported in parts per million downfield from a 
tetramethylsilane internal standard. Elemental analyses were determined 
by Atlantic Microlab, Inc. 
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OPEN FORUM 


Chemical Classification of Plants 
Recently, a commentary appeared in the “Open Forum”’ 


discussing a book review published in J.  Pharm. Sci. 163. 
1344(1974)]. As author of the review, I wish to deny the two 
implications stated in the commentary: “. . . the reviewer implies 
that review articles on plant antitumor agents may be confusing to 
the chemically (and not botanically) oriented reader and that 
chemically oriented reviews in this area are not available.’” 


As to the first, the intended implication, which is apparent to 
me after reading the review, is that of all the articles published on 
naturally occurring substances (not only reviews and not just 
reviews on plant antitumor agents), most of them present data 
within a taxonomic framework and this may (perhaps not) be 
difficult reading for those whose training and experience are not 
botanically oriented. I readily acknowledge that the botanical 
classification approach well serves its purpose, and I made no 
suggestion to the contrary. However, I pointed out that the 
approach in this publication more closely represents a chemical 
classification than a taxonomic approach. I believe this is in 
keeping with the primary purpose of a book review, which is to 
describe the contents and methods of data presentation. 


Second, in my judgment, there are no statements in the 
reviewer’s comments that would in any way imply that chemically 
oriented reviews in this area are not available. Whether the 
reviewer was aware of chemically oriented reviews in this area is 
not a pertinent point, but can anyone with even a peripheral 
interest in plant antitumor agents not be aware of the work of Dr. 
S. M. Kupchan and some of the other authors listed by the 
commentary writers? 


Charles M.  Darling 
School of Pharmacy 
Auburn University 
Auburn, AL 36830 


Received December 6,1974. 


N. R. Farnsworth and G. A. Cordell, J. Phorm. Sci., 63 (11), vi(1974). 


Reviewing of Manuscripts 
Some time ago the Editor of J.  Pharm. Sci. asked for opinions 


on current review practices for manuscripts published in this 
Journal. Only a few individuals responded, and the opinions did 
not appear to be strong one way or another. Because our opinions 
were split on the issue, we did not feel that our remarks would 
contribute to the question. 


However, a unique way of handling this problem is evidenced in 
the journal Current Anthropology. This process has been 
described in detail’, but it would seem of interest to describe 
briefly the method used by this journal, and perhaps by others, for 
handling the review process of manuscripts. 


Copies of the manuscript are sent to about 20 scholars whose 
data cards indicate their competence in the subject matter. They 
are asked to evaluate the manuscript in terms of accuracy, 
importance, and interest to the profession and to make suggestions 
for improvement. Their replies, analyzed by the editorial staff, , 


provide a firm basis for a decision on the manuscriptwhether it & 
be accepted as it is or returned to the author so that he or she - 
might take account of the suggestions from the referees or seek a -2. 
more appropriate journal for the manuscript. These reviews are I 


published immediately following the article in the journal and 
often amount to the length of a full manuscript themselves. The . 
author then has the option to reply to these reviews, and such 
replies are published immediately following the reviews. 


treating the “peer review” problem in which everyone has an 
opportunity to express his or her opinion. The major 
disadvantages are: (a) there would be an additional burden placed 
on the editorial staff of the journal, (b) a larger number of 
competent reviewers would be needed, who would be willing to 
respond rapidly so as to avoid delays in publication, and (c) 
publication of most articles would be somewhat delayed. The 
obvious advantages to this system are: (a) even though an article 
was judged inappropriate for publication, the author could still 
request publication knowing that the comments and analysis of 
the referees would be made known to the readership, and (b) the 
author would have an opportunity to rebut, in writing, the 
criticisms of the referees (if needed). 


Obviously, the referees would have to be instructed to prepare 
reviews that would reflect a manuscript after being corrected for 
trivial errors. This type of a review system would perhaps 
markedly change the type of review received by the editor and 
would force some authors to be more careful in the preparation of 
their manuscripts. 


It seems to us that this is an amazingly simple and fair way of 


Robert A. Weeks 
Norman R. Farnsworth 
Department of Pharmacognosy and 


Pharmacology 
College of Pharmacy 
University of Illinois at the Medical 


Chicago, IL 60612 
Center 


Received January 17,1975. 


Curr. Anthropol., 13,147(1972). 
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Constituents of Cannabis sativa L. XI: 
Cannabidiol and Cannabichromene in 
Samples of Known Geographical Origin 


Keyphrases Cannabis satiua L.-constituents, cannabidiol and 
cannabichromene in samples of known geographical origin 0 Can- 
nabidiol-analysis, samples of known geographical origin 0 Can- 
nabichromene-analysis, samples of known geographical origin 
0 Marijuana-constituents of Cannabis satiua, samples of known 
geographical origin 


To the Editor: 


Recent development of simplified methods for the 
separation of cannabidiol (I) and cannabichromene 
(11) as well as reports supporting the interactions be- 
tween cannabinoids prompted this communication. 
We wish to report the presence of I and I1 in freshly 
grown Cannabis from known geographical origin. 


The separation of pure I and I1 by conventional 
GLC techniques was reported (l), but this separation 


I11 


I 


Figure l-Chromatogram of the Moroccan variant, MO-A 
male, showing: I ,  cannabidiol; 11, cannabichromene; 111, ( - ) -  
AQ-trans-tetrahydrocannabinol; X ,  cannabinol; and I V ,  
androst-4-ene-3J '/-dione, the internal standard. Also shown 
are: V ,  cannabidivarin; V I ,  combined cannabicyclol and ( -),- 
AQ-trans-tetrahydrocannabivarin; V I I ,  cannabigerol mono- 
methyl ether; VIII ,  ( -) -A8-trans-tetrahydrocannabinol; and 
I X ,  cannab igerol. 


XIV 


I 
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Figure 2-Chromatogram of the silylated plant material 
MO-A, Moroccan male variant, showing the first method for 
the separation of cannubidwl ( I )  and cannubichromene ( I I ) .  
Also shown are: 111, ( -)-AQ-trans-tetrahydrocannabiml; I V ,  
androit-4-ene-3,l Tdione, the internul standard; V ,  cannabidi- 
varin monosilylated; V I ,  cannabicyclol; I X ,  cannabigerol 
disilylated; X I V ,  cannabidiolic acid; X ,  cannabid;  X I ,  un- 
known; X I I ,  ( --)-AQ-trans-tetrahydrocannabinolic acid A ;  
and XIII ,  ( -) -AQ-trans-tetrahydrocannabinolic acid B.  


was insufficient for quantitation. Turner and Hadley 
(2) obtained a clear and discrete separation of I and 
I1 by the use of trimethylsilyl ether derivatives. 
Turner et al. (3) then described the use of silyl deriv- 
atives in routine analysis, which provided a method 
for quantitating I and 11. 


As early as 1970, Carlini et al. (4) observed that I 
could possibly block some effects of (-)-Ag-trans- 
tetrahydrocannabinol (111). More recently, I was re- 
ported to block several effects of I11 in animal models 
and to potentiate the analgesic effects of cannabinol 
( 5 ) .  Cannabidiol induced reduction of the hypother- 
mic response to I11 in rats and rabbits (6). 


De Zeeuw et al. (7) reported that propyl cannabi- 
noids seem to be more abundant in Cannabis grown 
in India, Nepal, and Pakistan. Turner and Hadley 
(8), using only samples of known geographical loca- 
tions, confirmed and extended the previously 
thought abundance of propyl cannabinoids. Fol- 
lowing this example, we investigated many variants 
of Cannabis from known geographical origins as to 
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Table I-Variants Grown in Mississippi Table I-(Continued) 


Geographical 
Origin Seed Code Sexa Ib I1 I11 


Geographical 
Origin Seed Code Sex. 1 6  I1 I11 


M 1.94 0.50 2.68 
F 1.26 0.01 0.59 
F 0.19 0.83 2.11 
M 4.58 0.27 2.63 
M 0.11 0.77 4.41 
Y 0.03 0.11 2.34 
F t 0.03 2.16 
M 1.48 0.03 0.84 
F 1.22 0.04 1.11 


Afghanistan AF-B 
AF-B 
AF-B (1) /C-71 
AF-B(l)/C-71 
AF-A (1) /C-71 
AF-C 


PO-A 
RU-A(l)/C-70 
RU-A(l)/C-70 
SE-A 
SL-A 


M 0.69 0.28 0.04 
F 1.79 0.03 0.10 
M 0.04 0.21 1.05 
Y 0.06 0.20 3.55 
F 0.02 0.03 1.23 


Russia 


Senegal 
Sierra Leone 
South Africa SA-A 


SA-A(l)/C-70 
SA-A (1) /C-71 
SA- A (2) /C -7 1 
SA-A(2) /C-71 
SA-A(2)/C-71 
SA-D 
SA-D 
SA-E 


X 0 0.11 1.60 
X 0 0.27 1.18 
F 0.03 0.61 3.02 


Brazil BR-A 
Canary Islands CI-A 


F 0.55 0.01 2.00 
M 0.05 0.68 2.89 
Y 0 0.06 0.84 
F t 0.15 1.84 
Y 0.02 0.40 6.09 
F 0.06 0.01 0.63 
F 0.01 0.01 0.33 
F 0.03 0 .08  2.10 


M i .08  0.08  0.54 
F 0.29 0.02 1 .03  
M 1.28 0.65 0.08 


Ethiopia 
Fibriman 


France 


ET-A 
FI-A 
FI-A 
FR-B 
FR-C 
FR-F 
FR-F 
FR-G 
FR-G 
FR-H 
GH-A 
GH-B 
GH-C 


M 3.05 0.15 1.29 
F 0.94 0 0.05 
M 1.12 0.18 0.06 SA-F 


SU-A Sudan 
Thailand 


F 0.95 0.13 1.49 
F 0.11 0.38 3.20 TI-B(1) /C-Mon-70 


TI-B (1) /C-Mon-70 
TI-C (l)/C-Mon-70 
TI-C (1) /C-Mon-70 
TI-D(l)/C-Mon-70 
TI-D(l)/C-Mon-70 
TI-F 
TI-G 


F 0.02 0.42 2.91 
M 2.27 0.31 0.93 
F 2.40 0.06 1.36 


F 1.36 0 0.07 
M 0.48 0.24 0.38 
F- 0.90 0 0.06 
M 1.07 0 0.06 
M 1.35 0.84 0.08 


M 2.20 0.14 1.91 
F 1.25 0.11 1.56 
M 0.01 0.05 1.68 
Y 0.87 t 0.33 
Y 0.06 t 1.33 Ghana 


India 


Y 0.01 0.08 1.68 
Y t 0.13 2.10 
Y 0.02 0.09 2.60 Turkey TU-A 


TU-A 
F 1.28 0.03 0.05 
M 1.62 0.08 0.07 F 0.03 0.16 1.78 


M 0.02 0.10 4.30 
Y 0.01 0.15 0.72 


~ ~ ~~ 


TU-A(l) /C-68 F- iIGi 0.04 2.79 
TU-A(2) /C-69 F 0.78 0.02 0.42 
TU-A(2)/C-69 M 2.79 0.16 1.59 
TU-A (2) /C-71 F 2.22 0.03 0.10 


F 0.02 0.10 2.21 
M 0 .3  0.20 1.70 


M 1.87 0.24 0.84 
F 1.32 0.01 0.92 
M 2.02 0.14 0.09 
Y 1.17 0.03 0.07 
M 0.54 0.23 3.23 
Y t 0.04 0.99 
Y 0.02 0.14 4.02 


F- 0.10 1.72 0.86 
F 0.02 0.26 2.72 
M 2.24 0 0.11 
F t 0.64 1.95 
M 0 0.47 1.39 


TU-A (3j jc-H-70 
TU-A(3) /C-H-70 
TU-C 


Viet Nam VN-A(l) /C-71 
VN-A(l)/C-71 
VN-B 


Y 
F 
M 
Y 
Y 
F 
M 
Y 
Y 
F 
M 
F 
M 
Y 
Y 
Y 
M 
Y 
Y 
M 
Y 
M 
Y 
F 
F 
M 
F 
M 
F 
F 
M 
Y 
Y 
F 
M 
F 
M 
M 
Y 
F 


0.01 0.40 1.68 
0.02 0.52 3.31 
0.03 1.36 0.72 
0.08 0.83 3.37 
3.40 0.26 0.99 


F = female, M = male, Y = young plant, and X = mixture of male and 
female. b Data ar-ported as percent by dry weight in all tables. t = trae 
amounts (leas than 0.01% by dry weight). 


their abundance of I and I1 in freshly grown material. 
Figure 1 shows the routine chromatogram used in 


determining the concentration of each of the canna- 
binoids. Here I and I1 are combined and are under 
one peak. The same Moroccan variant is shown in 
Fig. 2 after silylation (2), one method for the separa- 
tion of I and 11. However, with this method, four 
peaks must be taken into consideration: I monosily- 
lated, I disilylated, cannabidiolic acid, and 11. Silylat- 
ed cannabichromenic acid has yet to be identified. 
Figure 3 again shows the Moroccan variant as pro- 
duced by the 6% methyl silicone column described 
previously (3, 9) and shows excellent separation of I 
and 11. 


Data were obtained by a GLC computer1 analysis 
based on relative retention times of routine Cannabis 
analyses and synthetic standards (Tables- 1-111). 
Table I consists of variants grown in Mississippi, and 
the variants included in Table I1 were grown in the 
listed countries. The data are presented as percent- 
ages by dry weight in all tables. 


Analyses of Mexican material, coded ME-A2, 
grown in Mississippi since 1968, are in Table 111. The 
original ME-A seed was from Acapulco, Guerrero, 


1 Digital PDP-8 computer, interfaced with Beckman GC-45,72-5, and 65. * Used to supply the National Institute on Drug Abuse with research ma- 
terial. 


Iowa 


Iran 


10-A 
10-A 
10-A 
IR-A 
IR-A (1) /C-71 
IR-A (1) /C-71 
IR-A (2) /C-72 
IR-A (2) /C-72 
JA-A 
JA-B 
JA-C 
KE-A 
KC) -A  


1.70 0.02 0.10 
1.66 0.04 0.09 
t 0.20 1.68 
0.91 0 0.06 
0.73 0 0.72 
t 0.07 1.40 
0.07 0.01 0.33 
1.63 0.03 0.18 


Jamaica t 0.22 1.84 
0.01 0.41 2.20 
0.81 0.01 0.04 
0.01 0.07 1.84 Kenya 


Korea 0.03 0.13 1.17 
0.36 0.17 1.39 
0.02 0.91 3.83 


--- - -  
KO-A(l)/C-70 
KO-A (2) /C-71 
KO-A (2) /C-71 
KO-B (1) /C-70 
KO-B (1) /C-70 


t 0.09 0.34 
0.01 0.23 0.94 
t 0.11 0.62 
1.68 0.05 1.07 
1.93 0.23 1.99 
0 0.56 1.48 
1.61 0 0.08 
0.95 0.38 0.39 


Lebanon 
Manchuria 


Morocco 


LE-A (1) /C-71 
MN-A 
MN-A 


i184 0.05 0.54 
0.70 0.11 0.71 
0.37 0.08 0.16 


Nepal 
Nigeria 
Pakistan 


NE-C 
NI-D 


0.02 0.28 2.75 
0.02 0.09 1.86 
t 0.05 1.32 
0.40 0.19 1.51 
1.27 0.23 0.71 
1.20 0.04 1.37 
0.49 0.07 0.04 
t 0.08 2.06 
1.09 0.01 0.06 


Peru 


Poland 


PU-A 
PU-A 
PO-A 
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Figure 3-The Moroccan variant, MO-A male, is shown on 
the 6% methyl silicone column. Cannabidiol ( I )  and cannabi- 
chromene (11) are adequately separated. ( -) -AB-trans-Tetra- 
hydrocannabinol (111), and the internal standard, androst-4- 
ene-3J7-dione ( IV) ,  are illustrated as well as: V ,  cannabidi- 
varin; VIa, ( -)-Ag-trans-tetrahydrocannabivarin; VIb,  can- 
nabicyclol; VII, cannabigerol monomethyl ether; and VIII, 
( -) -A8-trans-tetrahydrocannabinol. Cannabigerol ( I x )  and 
cannabinol (.X) are under the internal standard peah. 


Mexico, and analyses of the original plant material 
showed no I present. However, the fact that Mexican 
materials produced in our gardens do contain some I 
indicates that environmental factors affect the ratio 
of I to I1 or that some cross-pollination has occurred. 
The content of I11 has remained relatively constant 
when materials were harvested at  the same age and 
time of day (10). A cyclic cannabinoid profile is ob- 
served in all variants with regard to age and hour col- 
lected; therefore, analyses reported are only for a par- 
ticular sampling at a particular age and time of day 
(10). 


As previously reported (8, ll), cannabinoid con- 
tents vary within each variant in regard to geographi- 
cal origin and age. Therefore, the data in Tables I 
and I1 that show marked variation within a specific 
geographical location as well as geographical origin in 
general would be anticipated. Moreover, the presence 
of I1 and the absence of I in variants reputed to pro- 
duce potent marijuana (Costa Rican and Mexican) 
seem to indicate that some interaction is occurring 


Table 11-Variants Grown in Their Nat ive Countries 


Geographical 
Origin Sample I 11 111 


Costa Rica M-173 
M-174 
M-175 
M-176 
M-177 
M-236 
M-237 
M-238 
M-239 
M-240 


Mexico K24--1A 
K24--2B 
K24--3C 
K24--4D 
K24--5E 
K24--6F 
K24--7G 
K24--8H 
K24--91 
K24--10J 
K24--llK 
K24--12L 
K24--13M 


0 
0 
0 
0 
0 
0 
0 
0 
0.01 
0 
0 
0 
0.54 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0.24 3.72 
0.09 1.60 
0.13 1.78 
0.16 1.87 
0.17 1.67 
0.20 1.19 
0.11 1.33 
0.14 2.04 
0.20 1.37 
0.17 1.01 
0.09 0.34 
0.10 0.14 
0.09 1.99 
0.07 0.59 
0.27 2.15 
0.15 2.65 
0.12 1.00 
0.13 1.30 
0.16 2.11 
0.16 2.97 
0.26 2.45 
0.24 1.15 
0.09 2.66 


Table 111-Mexican Variants Grown in Mississippi 


Seed Code Sex I 11 111 


ME-A M 0.06 0.09 1.68 
ME-A(l) /C-68 F 0.01 0.10 1.83 
ME-A(2) /C-69 M 0.03 0.11 1.11 
~ ~ - ~ ( z j j c - 6 9  Y 0.01 0.10 1.35 
ME-A(3) /C-71 Y 0.08 0.03 0.53 . . 


ME-A (3) )C-71 F 0 . i6  0.10 1.19 
ME-A (2) /C-69 M 0.16 0.01 0.96 
ME-A(2) /C-69 F 0.02 0.17 1.74 


between I1 and 111. If I antagonizes the action of I11 
(4-6), it  is highly possible that I1 may potentiate the 
action of €11. This area needs investigating using vari- 
ants of varying amounts of I to 111, I1 to 111, and a 
mixture of I and I1 to 111. However, it is now clear 
that I1 is more abundant in some variants than I and 
that I1 can no longer arbitrarily be considered a 
minor cannabinoid. 
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Improved Method for Sampling Hepatic 
Venous Blood in the Rat 


g u i d i n g  t u b e  c 


Cannula B 


Figure 1-Cannula A with a guiding tube and Cannula B .  
A guiding tube (polyethylene tubing, 0.2 cm o.d., 15cm length) 
with its tip closed is inserted approximately 3 mm into Cannula 
A (polyethylene tubing, 0.2 cm i.d., 0.25 cm o.d., 3.2 cm length). 
The slight curve of the guiding tube is helpful in correcting 
false routes taken by the tip of Cannula A. Cannula A is filled 
with heparinized blood taken from another rat. Cannula B ,  
with its tip closed, has two lateral holes near its tip. The 
guiding tube and Cannula B are put with centimeter markers 
throughout their length. 


Keyphrases 0 Blood sampling, hepatic venous-improved meth- 
od, rats CI Hepatic blood samples, venous-improved method for 
sampling in the rat 0 Elimination-method for sampling mixed 
hepatic venous blood proposed, rats 


To the Editor: 


In an attempt to study hepatic elimination of 
drugs in uiuo in the rat, a method for sampling the 
mixed hepatic venous blood was devised. For estima- 
tion of hepatic extraction of drugs in uiuo, simulta- 
neous measurements of drug concentrations in he- 
patic arterial, portal venous, and hepatic venous 
blood are necessary. Extraction of propranolol by the 
dog liver was studied by direct measurement of he- 
patic venous concentrations of the drug in uiuo (1). 
To obtain hepatic venous blood of the dog, a cannula 
was introduced into the right or left hepatic vein of 
the dog via a superficial jugular vein under fluo- 
roscopic visualization. This cannulation applied in 
the dog is not practical for a hepatic vein of the rat, 
since hepatic veins of the rat are quite narrow and 
fragile and the cannulation is liable to cause trauma 
to the liver. 


In this communication, we report a simple method 
for sampling the mixed blood draining from the he- 
patic veins of the rat in an in uivo study of hepatic 
drug binding and the subsequent drug metabolism. 
The method described here consists of introducing a 
cannula (Cannula A, Fig. 1) into the inferior vena 
cava uia the external jugular vein so that the mixed 
blood from the hepatic veins may flow through an ar- 
tificial channel in the inferior vena cava. Subsequent 
insertion of another cannula (Cannula B, Fig. 1) into 
the inferior vena cava makes it possible to sample the 
mixed hepatic venous blood. 


A rat, 270-330 g, is placed in supine position and is 
anesthetized lightly with ether a t  suitable intervals. 
The abdomen is opened through a midline incision 
extending from the symphysis pubis to the xiphoid. 
The right lobe of the liver is reflected to the upper 
left, and the loops of the intestine are retracted 
downward to the abdominal cavity to expose the infe- 
rior vena cava between just above the right renal vein 
and the point where the vena cava becomes buried in 
the liver. The vena cava in this region is freed from 


its connective tissue, and a ligature is passed under 
the vena cava. 


The abdominal incision is then temporarily closed 
with two mosquito forceps. The right external jugular 
vein is exposed between the cephalic vein and the 
posterior external jugular vein and is ligated approxi- 
mately 3 mm proximal to the junction of the posteri- 
or external jugular vein and the right external jugular 
vein. A small cut is made with scissors on the jugular 
vein, approximately 5 mm proximal to the ligature, 
while the jugular vein between the cut and the root of 
the cephalic vein is closed with a clamp to prevent 
bleeding. 


r i g h t  e x t e r n a l  
j u g u l a r  v e i n  


g u i d i n g  h e a r t  
t u b e  


'agm 


i v e r  


vena cava  Cannula B 


Figure 2-Schematic representation of the inferior uena caua 
double cannulation for sampling mixed hepatic blood. 
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Determination of Acetaminophen in Pharmaceutical 
Preparations and Body Fluids by High-Performance Liquid 
Chromatography with Electrochemical Detection 


RALPH M. RIGGIN, ALLEN L. SCHMIDT, and PETER T. KISSINGERx 


Abstract A sensitive and very rapid assay for acetaminophen 
was developed based on the combination of high-performance 
chromatographic columns with a thin-layer electrochemical detec- 
tor. Application to liquid and solid dosage forms and body fluids 
has been demonstrated. Great advantage derives from the detector 
selectivity, which permits discrimination against many potentially 
interfering substances without need for extensive separations or 
formation of derivatives. As little as 0.005% of the hydrolysis prod- 
uct, p-aminophenol, can be detected in the presence of the intact 
drug following cation-exchange chromatography. Acetaminophen 
can be quantitatively determined in serum on the 50-ng/ml level 
by liquid chromatography using a pellicular polyamide packing. 


Keyphrases 0 Acetaminophen-analysis in dosage forms, serum, 
and urine, high-performance liquid chromatography with electro- 
chemical detection 0 Liquid chromatography, high performance- 
determination of acetaminophen in pharmaceutical preparations 
and body fluids, electrochemical detection p-Aminophenol-de- 
termination of trace amounts in acetaminophen preparations, 
high-performance liquid chromatography with electrochemical de- 
tection 


Fundamental advances recently have been made in 
liquid chromatography and analytical electrochemis- 
try. Both fields depend on heterogeneous processes, 
which are now sufficiently well understood to permit 
optimization of the controlling parameters. This 
knowledge has resulted in a new enthusiasm for 
methods that only a few years ago were thought to be 
outmoded. Liquid chromatography, while easy 
enough to use, continues to suffer from the lack of a 
completely satisfactory detector, particularly one 
with sufficient sensitivity to compete with GC. On 
the other hand, modern electrochemical techniques 
have attained considerable sensitivity but suffer from 
rather poor resolution, chronic irreproducibility, and 
poor human engineering. 


It is not surprising that great advantages accrue 
from combining the two technologies. Strong paral- 
lels exist with the more established association of liq- 


uid chromatography and electronic spectroscopy 
(both absorption and emission). In both cases, two 
phenomena of modest specificity are combined into a 
single high-resolution device. The optical instrumen- 
tation presently used in liquid chromatography is 
often insufficiently sensitive or selective for quanti- 
tating body fluid levels for many clinically important 
compounds. Although less generally applicable than 
optical devices, electrochemical detectors can some- 
times form the basis for successful assay procedures. 


Recently, a thin-layer electrochemical transducer 
was developed that has significant advantages over 
conventional electrochemical cells when coupled to 
high-performance liquid chromatography (1, 2). The 
principles of operation of this detector and other de- 
velopments in hydrodynamic electrochemistry have 
been described (2, 3). In brief, the column effluent is 
passed between two plates separated by a thin spacer 
(typically 50 pm). Electrodes imbedded in the walls 
of the channel efficiently convert sample molecules 
into the product due to the short diffusional pathway 
across the moving solution film. It is possible in this 
manner to detect as little as 1 pg of an electroactive 
material while maintaining a detector dead volume of 
less than 1 bl. 


In view of the large number of electrochemically 
reactive pharmaceuticals, liquid chromatography 
with electrochemical detection could have wide utili- 
ty in quality control and drug metabolism studies. 
The present paper describes several procedures de- 
veloped for acetaminophen (N-acetyl-p- aminophe- 
nol) in dosage forms and body fluids. 


Acetaminophen is most commonly assayed in dos- 
age forms by spectrophotometry. The drug may be 
monitored directly (4 ,  5) or following conversion to 
2-nitro-4-acetamidophenol (6). Many published pro- 
cedures are based on acid hydrolysis to p-aminophe- 
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no1 followed by oxidative coupling with a phenol to 
an indophenol dye (7). More recent approaches in- 
clude stationary electrode voltammetry at a glassy 
carbon electrode (8) and nonaqueous potentiometric 
titrimetry with tetrabutylammonium hydroxide in 
dimethylformamide (9). None of these procedures is 
suitable for the determination of trace quantities of 
the p-aminophenol hydrolysis product in the pres- 
ence of the intact drug. 


Many papers have described the determination of 
total acetaminophen in body fluids by initial hydrol- 
ysis of conjugates as well as the free drug to p-amino- 
phenol. This common derivative is extracted and 
subsequently coupled to form an azo or indophenol 
dye suitable for spectrophotometry (10, 11). More 
specific and generally more sensitive procedures are 
based on GLC of the free drug (12,13) or its trimeth- 
ylsilyl derivative (14). Studies of phenacetin and ac- 
etaminophen metabolism by high-resolution liquid 
chromatography with UV detection, whereby indi- 
vidual metabolites were identified and quantitated, 
were reported (15,16). 


EXPERIMENTAL 


Reagents and Materials-Distilled water, deionized and final- 
ly distilled from alkaline potassium permanganate, was used for 
preparing all solutions. Acetaminophen, p-aminophenol, phenace- 
tin, and salicylamide were obtained from commercial sources. p- 
Aminophenol was purified by vacuum sublimation at <1 mm Hg 
and 120'. Tablet and liquid dosage forms were purchased locally. 
All other chemicals were reagent grade and were not further puri- 
fied. 


Glass chromatographic columns', 30 cm X 2 mm i.d., were dry 
packed with pellicular .strong cation-exchange2 or polyamide3 
high-performance packings. Dilute sulfuric acid (0.04 M a t  0.25 
ml/min) was used as the eluent for the cation-exchange column, 
and phosphate buffer (0.04 M, pH 7.4 a t  0.35 ml/min) was used for 
the polyamide column. 


Standard solutions of acetaminophen were prepared by diluting 
a stock solution (1.0 mg/ml) in 0.04 M HzS04. Instrumentation 
was calibrated using six solutions between 10 and 80 ng/pl. Stan- 
dard solutions containing 200 ng/pl of acetaminophen and between 
10 and 400 pg/pl of p-aminophenol (i.e., 0.005-0.2%) were pre- 
pared in distilled water and med to calibrate the cation-exchange 
system for trace p-aminophenol. 


Apparatus-Chromatographs were assembled from commer- 
cially available modular components, and the electrochemical de- 
tector cell was constructed as described previously (2). The instru- 
mentation used to control the applied potential and to measure 
the resulting current is depicted in Fig. 1. A conventional three- 
electrode configuration is used with auxiliary, reference, and work- 
ing electrodes of platinum, silver-silver chloride, and carbon paste, 
respectively. The currents encountered in detection of trace organ- 
ics in the eluate from high-performance liquid chromatography are 
frequently below 1 namp. Therefore, i t  is essential t o  use opera- 
tional amplifiers with low bias currents for OA-1 and OA-21 and to 
guard their inputs against stray leakage currents along the circuit 
board. The requirements for OA-3 and OA-4 are more modest; 
standard 741-type units will suffice. 


SWl and R14 permit selection of the appropriate applied poten- 
tial. SW3 and SW4 provide a selection of the gain and filtering in 
the first stage of amplification. SW5, R15, OA-4, and R5 provide a 
balance for the standing background current encountered in the 
absence of an eluted zone. When SW3 is in the most sensitive posi- 
tion, SW6 provides a range of current sensitivities of 0.5, 1, 5, 10, 


Model MB-2-300, Chromatronix, Inc. 
Zipax SCX Part No. 820950002, E. I. DuPont de Nemours & Co. 
Pellidon, H. Reeve Angel & Co. ' National semiconductor LH0042CH. 
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Figure 1-Electronic instrumentation for electrochemical de- 
tection. Key:  A ,  auxiliary electrode; R ,  reference electrode; and 
W ,  working electrode. 


50, and 100 namp/v. The values for the passive components used 
are as follows: R l ,  33K; R2, 100K; R3, 1M; R4, 10M; R5-R8, 1K; 
FW, 2K; R10, 10K; R11,20K; R12, 100K; R13,200K; R14,5K; C3, 1 
pF; C4,0.47 pF;  and C5,O.Ol pF. 


All quantitative measurements were accomplished by analog in- 
tegration of the output from OA-4 using an operational amplifier 
integrator with a time constant of 10 sec. The results were dis- 
played on a digital voltmeter. The integrated response can be con- 
verted directly into the microcoulombs of charge passed for a given 
chromatographic peak. By using standard solutions, the amount of 
charge required for complete conversion can be calculated from 
Faraday's law. Measurements a t  0.25 ml/min mobile phase velocity 
indicate that about 10% conversion is typical for low molecular 
weight phenolic compounds such as acetaminophen. Higher con- 
version is possible a t  lower flow rates or for cells with thinner 
channels and/or larger electrodes; however, such higher conversion 
does not contribute significantly to  either sensitivity or precision. 


The linear range of calibration plots of charge uersus injected 
amount is dependent on cell geometry due to the uncompensated 
resistance along the thin-layer channel. For a 50-pm cell and a flow 
rate of 0.025 ml/min of a 0.1 M mobile phase electrolyte, a signifi- 
cant negative deviation typically occurs above several hundred 
nanograms for molecules with short retention times. If very large 
samples (e.g., several micrograms) are to  be injected, linearity of 
response can be ensured by adjusting the cell thickness up to  200 
pm and/or increasing the applied potential. In general, it is more 
satisfactory to dilute the sample to  within the established linear 
range. 


Current-voltage curves (i.e., voltammograms) for oxidation of 
acetaminophen and other phenolic compounds were determined 
using a carbon paste electrode of 3 mm diameter packed in a Tef- 
lon well with an outside diameter of 7 mm. The  carbon paste was 
of the same composition described earlier (1). A simplified circuit 
using three integrated operational amplifiers was used in associa- 
tion with small volume (-10 ml) Pyrex cells, with the electrodes 
positioned in a Teflon cap5. 


Procedure-Five commercial products, as well as serum and 
urine samples, were analyzed for acetaminophen. Samples (2 HI) 
prepared according to  the following procedures were injected man- 
ually onto the chromatographic columns through silicone septa 
using 5-pl syringes6. The peak areas were converted into nano- 
grams injected by comparison with the least-squares slope deter- 
mined from the six calibration standards described. The  applied 
potential was +1.0 v uersus a silver-silver chloride reference elec- 
trode (3 M NaCI) for the acetaminophen determination. 


Preparation of Solid Dosage Forms-Five tablets were accu- 
rately weighed and then pulverized to a fine powder. A known per- 


Photographs and construction details for locally built apparatus are 


Hamilton 85-N. 
available on request. 
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E VERSUS SILVER-SILVER CHLORIDE (3 M NaCI) 
'p.8 : +;.6 :(+:0.4 : +:0.2 : 1 


t 5.0 


Figure 2-Stationary electrode voltammetry (0.14 vlsec) a t  the 
carbon paste electrode (d, = 3 mm) in 0.1 M HCIOa. Key: A, 
1 m M  p-aminophenol; B, 1 m M  acetaminophen (N-acetyl-p- 
amimpheml);  and C, 0.5 m M  p-amimphenol a n d  0.5 m M  
acetaminophen. 


centage of the total mass (1-4%) was then weighed and diluted to 
100 ml with 0.04 M HzSO4. The solution was shaken for 5 min to 
ensure complete dissolution of acetaminophen. A 10-ml aliquot 
was transferred to a second 100-ml volumetric flask and diluted 
with 0.04 M HzSO4. The resulting solution, containing from 10-40 
ng/pl, was used for the analysis. 


Preparation of Liquid Dosage Forms-Two milliliters of the 
liquid product was diluted to 100 ml with 0.04 M HzS04. A 10-ml 
aliquot of this initial solution was diluted again to 100 ml with 0.04 
M H2S04 to yield a final concentration in the 20-30-ng/pl range. 


Determination of Trace p-Aminophenol in Acetaminophen- 
The initial solutions prepared from the dosage forms contained 
100-400 ng/pl acetaminophen. These more concentrated solutions 
were analyzed for p-aminophenol. T o  monitor trace amounts of 
p-aminophenol successfully on the level of 0.005-0.2% of the aceta- 
minophen present, i t  is necessary to decrease the response of the 
detector to the latter compound by lowering the applied potential. 
A potential of +0.65 v was satisfactory for this purpose. Therefore, 
it was possible to detect as little as 0.005% of p-aminophenol in the 
original dosage forms. 


Determination of Acetaminophen in Serum-Three-milliliter 
aliquots from a normal serum pool were placed in 50-ml polyethyl- 
ene centrifuge tubes containing 2 g of sodium chloride and 3 ml of 
saturated sodium chloride. The samples were spiked with standard 
acetaminophen over a 0.1-10-pg/ml range. Concentrated perchlo- 
ric acid (0.5 ml) was added, and the tubes were mixed on a vortex 
mixer for 30 sec. Following centrifugation at 14,000 rpm for 15 
min, 5 ml of the supernate was transferred to a 15-ml glass centri- 
fuge tube. After adjustment to pH 7.0, the solution was extracted 
with two 5-ml portions of ethyl acetate. 


The ethyl acetate layers were combined in a second 15-ml cen- 
trifuge tube and back-extracted with a single 2-ml portion of pH 


7.0 McIlvaine buffer to minimize the residual uric acid. The ethyl 
acetate layer was then evaporated to dryness a t  40° under a stream 
of nitrogen. The residue was brought up  in 200 p1 of 0.04 M H2S04 
with thorough mixing, and then 2 p1 was injected onto the polyam- 
ide column and detected a t  a flow rate of 0.35 ml/min and a poten- 
tial of +0.80 v versus silver-silver chloride. I t  is easy to make the 
measurement on 1 ml of serum with little sacrifice in precision by 
proportional adjustment of the volumes used in the extraction pro- 
cedure. 


The polyamide column was used to minimize interference from 
uric acid carried through the extraction procedure, since i t  is easily 
oxidized a t  a carbon electrode (17, 18). Because uric acid is not ad- 
equately resolved from acetaminophen on the cation-exchange 
resin, it remains a possible interference in trace determinations of 
the latter compound in serum and urine. Fortunately, acetamino- 
phen is more strongly retained than uric acid on the polyamide 
column. The chromatographic resolution adequately compensates 
for the poor electrochemical selectivity for the two compounds. 


Determination of Acetaminophen in Urine-The procedure 
was identical with that described for serum, except that  5 ml of 
sample was used without the addition of the sodium chloride solu- 
tion. Back-extraction of the ethyl acetate with pH 7 buffer was re- 
peated twice due to the 10-fold greater amount of uric acid present 
in urine. Recovery of standard additions to urine was typically 
83%. 


RESULTS AND DISCUSSION 


The performance of an electrochemical detector can be opti- 
mized on the basis of preliminary voltammetric studies. The com- 
pounds of interest and possible interferences are examined to es- 
tablish the potentials sufficient to react them at a diffusion-con- 
trolled rate. Figure 2 illustrates behavior typical of phenolic 
amines in acidic media. The electrochemical process involves a 
two-electron conversion of the compounds to intermediate species 
which eventually react to form benzoquinone. This chemistry has 
not yet been worked out for acetaminophen; however, a detailed 
study is in progress. Acetaminophen and p-aminophenol have oxi- 
dation potentials different by about 150 mv in acid solution. When 
the two compounds are present in a mixture a t  similar concentra- 
tions, they may be clearly distinguished as in Fig. 2C. 


Quantitative estimation of both compounds based on the peak 
currents is difficult because the p-aminophenol wave overlaps with 
that due to acetaminophen in a manner not readily accounted for 


N I I ,  


@ 


0 1 2 3 4 5 
MINUTES 


Figure 3-Liquid chromatography of 7.5 ng  acetaminophen 
(N-acetyl-p-aminophenol) and 7.5 ng paminophenol (E = + 
1.20 v versus silver-silver chloride 30 X 0.2-em column, 0.25 
ml lmin  0.04 M H?SO,). 
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Table I-Analysis of Dosage F o r m s  Containing 
Acetaminophen 


Percent  of 
Labeled Measured Labeled 


Composition, Composition, Value 
Dosage Form mg/Dose mg/Dose Found  


A (tablet)  388 373 & 0 . 5 0 % a  9 6 . 1  
B (tablet)  194 187 f 1 . 2 %  96.3 
C (tablet)  385 375 0 . 4 1 %  9 7 . 4  
D (liquid) 120 121 f 1 . 1 %  101 
E b  (liquid) 600 589 f 0 . 1 4 %  9 8 . 2  
F (liquid) 600 577 f 0 . 6 0 %  9 6 . 1  
G (liquid) 600 582 f 0 . 1 2 %  97 .O 


’”Relative standard deviation based on at least five determinations. 
Liquids E, F, and G were different samples of the same dosage form pur- 


chased over a l-year period. 


mathematically. Because the heterogeneous reaction of acetamino- 
phen is exponentially dependent on potential, a t  potentials near 
the foot of the wave in Fig. 2B, it is nearly impossible to determine 
trace quantities of p-aminophenol in the presence of a much larger 
amount of acetaminophen since both reactions occur to a signifi- 
cant extent a t  the peak potential of the former molecule. The 
problem of resolving successive electrochemical reactions is an in- 
herent disadvantage of voltammetric methods, particularly since 
all compounds react a t  the potentials needed to quantitate the 
least reactive component. Since the hydrolysis of acetaminophen is 
a very slow reaction at  ordinary temperatures (19), p-aminophenol 
is commonly present a t  well below 1% in dosage forms. A voltam- 
metric approach to analysis of this undesirable decomposition 
product is clearly insufficient. 


Physical separation of the two components is readily accom- 
plished via high-performance cation-exchange chromatography 
(Fig. 3). From the voltammetric information, a potential of about 
+0.70 v or greater is sufficient to detect both compounds using 
electrochemical detection. Therefore, it is easily possible to  make 
quantitative measurements on both compounds a t  the 100-pg 
level, well below the detection limit for presently available UV in- 
struments. Nevertheless, determination of trace p-aminophenol is 
still impossible when acetaminophen is present in a 1000-fold ex- 
cess. Fortunately, this problem can easily be overcome by operat- 
ing the detector a t  lower potentials so that the response is selective 
to p-aminophenol. The same degree of selectivity is not possible 
with a UV detector since the absorption spectra of the two com- 
pounds are insufficiently resolved. 


The results from an analysis of several popular dosage forms 
containing acetaminophen are given in Table I. All were found to 
be within the regulated specifications (20). Other components in 
the preparations were eluted at  different retention times and/or 
were not electroactive. Several compounds (e.g., salicylamide and 
phenacetin) also present as active ingredients were much more dif- 
ficult t o  oxidize than acetaminophen and could be easily “tuned 
out” by adjusting the potential applied to the detecting electrode. 
In each sample, the p-aminophenol level was below 0.01% of the 
label value for acetaminophen, well within the regulated maximum 
of 0.25% for the bulk drug. I t  is believed that the present method 
for monitoring trace p-aminophenol is superior to the standard 
semiquantitative TLC assay (20). 


The determination of free acetaminophen in biological fluids 
was easily accomplished by simple extraction following protein 
precipitation. In serum the response was linear over the range test- 
ed (0.1-10 fig/ml), and quantitative data (typically to about f 1 W  
RSD) could be obtained on a level an order of magnitude below the 
capability of GC procedures (13, 14). In addition, this simple 
method is far less time consuming and more precise than those in- 
volving derivative formation (14). 


The assay of acetaminophen in urine is more difficult than 
serum, primarily due to the larger concentration of uric acid. The 
limit for quantitative measurement is at present about 1 fig/ml. 


The clearance of free drug was found to be 2.1% over 24 hr for a 
22-year-old male following a single 1-g dose of a commercial elixir. 
Conjugated metabolites (glucuronides and sulfates) can be esti- 
mated following acid or enzymatic hydrolysis in the usual manner. 
I t  is hoped that conjugated phenols derived from aromatic drugs 
will be able to be detected without prior hydrolysis. Recent work in 
this laboratory indicates that many of these are electrochemically 
active. 


In conclusion, high-performance liquid chromatography with 
thin-layer electrochemical detection provides unusual sensitivity 
and selectivity a t  minimum expense. Besides acetaminophen and 
related molecules, many pharmaceutical products are suitable for 
analysis in this way (21.22). Isoproterenol, levodopa, a-methyllev- 
odopa, norepinephrine, epinephrine, dopamine, phenylephrine, 
and chloramphenicol are among the compounds that have been 
successfully analyzed. The applicability of the technique can be 
greatly expanded by nitration (23) or hydroxylation (24) of com- 
pounds containing a nonelectroactive phenyl moiety. 


REFERENCES 


(1) P. T. Kissinger, C. Refshauge, R. Dreiling, and R. N. 


(2) P.  T. Kissinger, L. J. Felice, R. M. Riggin, L. A. Pachla, and 


(3) P. T. Kissinger, Anal. Chem., 46,15R(1974). 
(4) N. Shane and M. Kowblansky, J. Pharm. Sci., 57. 


Adams, Anal. Lett . ,  6,465(1973). 


D. C. Wenke, Clin. Chem., 20.992(1974). 


1218( 1968). 
(5) F. DeFabrizio. ibid.. 63.91(1974). 
(6) L. Chafetz, R: E. Daly, H: Schriftman, and J. J. Lomner, 


(7) J. B. Vaughn, ibid., 58,469(1969). 
(8) C. M. Shearer, K. Christenson, A. Mukherji, and G. J. Pa- 


(9) M. I. Blake, J. Hunt, and H. J. Rhodes, ibid., 63,89(1974). 
(10) R. M. Welch and A. H. Conney, Clin. Chem., 11. 


(11) S .  N. Pagay, R. I. Poust, and J. L. Colaizzi, J. Pharm. Sci., 


(12) A. Klutch and M. Bordun, ibid., 57,524(1968). 
(13) J. Grove, J. Chromatogr., 59,289(1971). 
(14) L. F. Prescott, J .  Pharm. Pharmacol., 23, lll(1971). 
(15) C. A. Burtis, W. C. Butts, and W. T. Rainey, Jr., Amer. J. 


(16) J. E. Mrochek, S. Katz, W. H. Christie, and S. R. Dinsmore, 


(17) G. Dryhurst and P. K. De, Anal. Chim. Acta, 58,183(1972). 
(18) G. Park, R. N. Adams, and W. R. White, Anal. Lett . ,  5 ,  


(19) K. T. Koshy and J. L. Lach, J .  Pharm. Sci., 50,113(1961). 
(20) “The National Formulary,” 13th ed., Mack Publishing Co., 


(21) A. L. Woodson and D. E. Smith, Anal. Chem., 42, 


ibid., 60,463(1971). 


pariello, ibid., 61,1627(1972). 


1064( 1965). 


63,44(1974). 


Clin. Pathol., 53,677(1970). 


Clin. Chem., 20,1086( 1974). 


887(1974). 


Easton, Pa., 1970. 


242( 1970). 


Ma. ibid.. 46.1075(1974). 
(22) M. R. Hackman, M. A. Brooks, J. A. F. de Silva, and T. S. 


(23) M. A: Brooks, J: A. F. de Silva, and M. R. Hackman, Anal. 


(24) K. S. Albert and K. A. Connors, J. Pharm. Sci., 62, 
Chim. Acta, 64,165(1973). 


625( 1973). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received July 22, 1974, from the Department of Chemistry, 


Accepted for publication October 11, 1974. 
Supported in part by Grant GP-42452X from the National 


Michigan State University, East Lansing, MI 48824 


Science Foundation. 
To whom inquiries should be directed. 


Vol. 64, No. 4 ,  April 1975 683 








(9) K. A. Khan and C. T. Rhodes, Pharm. Acta Helv., 47, 


(10) K. Marshall, Ph.D. thesis, University of Bradford, York- 


(11) F. Fuchs, Arch. Pharm., 303,471(1970). 
(12) K. A. Khan and C. T. Rhodes, Can. J. Pharm. Sci., 8, 


(13) H. Nogami, J. Hasegowa, and M. Miyamoto, Chem. Pharm. 


(14) W. Lowenthal and R. A. Burruss, J. Pharm. Sci., 60, 


594( 1972). 


shire, England, 1970. 


77(1973). 


Bull., 57.279(1967). 


1325(1971). 


Improved Synthesis of 
18- Hydroxydeoxycorticosterone 


W. DAVID SLAUNWHITE and A. J. SOLOx 


Abstract Hypoiodite photolysis of 3B-acetoxy-5-pregnen-2Of?-ol 
gave 3~-acetoxy-5-pregnene-l8,20-lactone in 46% yield. Lithium 
aluminum hydride reduction of the latter afforded 3j3,18,20&trihy- 
droxy-5-pregnene (91% yield) which, on Oppenauer oxidation, was 
converted to 18-hydroxyprogesterone (66%). Lead tetraacetate oxi- 
dation followed by mild saponification gave 18-hydroxydeoxycort- 
icosterone (58% yield). 


Keyphrases 0 18-Hydroxydeoxycorticosterone-synthesis 18,- 
20-Oxido-20-hydroxy-4-pregnen-3-one-synthesis 18-Hydroxy- 
progesterone-synthesis 


Because recent evidence suggests that 18-hydroxy- 
deoxycorticosterone (I) may be an important caus- 
ative agent in hypertension (1-6), considerable inter- 
est recently has been shown in the synthesis of this 
compound. Syntheses reported to date have either 
been overly long (71, low in yield (7, 8), or lacking in 
needed experimental detail (9). The details of a 
short, reproducible, high yield synthesis of I from 
3P-acetoxy-5-pregnen-20-one (11) are now reported 
(Scheme I). 


DISCUSSION 


3j3-Acetoxy-5-pregnen-20@-01 (III), prepared in 69% yield by bo- 
rohydride reduction of pregnenolone acetate (II), was subjected to 
photolysis in the presence of lead tetraacetate and iodine (10) to 
afford 3&acetoxy-5-pregnene-18,20-lactone (IV) in a yield of 46%. 
Lithium aluminum hydride reduced IV to 3&18,20B-trihydroxy-5- 
pregnene (V) in a yield of 91%. Oppenauer oxidation converted V 
to 18,20-oxido-20-hydroxy-4-pregnen-3-one (VI) in 66% yield. 


The latter hemiketal (VI) was oxidized by lead tetraacetate in 
acetic acid (9) and then hydrolyzed with dilute hydroxide to form 
I. Reaction for 18 hr with excess tetraacetate caused the intermedi- 
ate 21-acetoxy Compound VII to cleave to form the lactone VIII. 
However, by limiting the reaction time to 6 hr, VI could be trans- 
formed to I in 58% yield. An attempt to improve this yield by lim- 
iting the amount of tetraacetate proved futile. 


In summary, the reported procedure has permitted the repro- 
ducible preparation of I from a cheap and readily available starting 
materiai in an overall yield of 11%. 
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EXPERIMENTAL' 


3~-Acetoxy-5-pregnen-20~-01 (111)-Pregnenolone acetate 
(20 g) in tetrahydrofuran (100 ml) was added to sodium borohy- 
dride (3 g) in water (10 ml) and stirred at  room temperature for 72 
hr. Acetic acid was added and then the mixture was diluted with 
water. The solvent was concentrated under reduced pressure. 


The solid was filtered, dried, and then chromatographed on a 
column of 200 g of acidic alumina. Elution with benzene-ethyl ace- 
tate (100:20) afforded Ill in a yield of 14 g (69%); mp 167" [lit. (11) 
mp 165"]; IR (CHC13): u 3610 and 1720 cm-l; NMR: 6 0.78 (s, C-18 
H), 1.04 (9, C-19 H), 2.03 [s, O(O=)CCH3], and 5.39 (d, J = 4 Hz, 


3~-Acetoxy-5-pregnene-18,2O-lactone (1V)-To a stirred 
suspension of lead tetraacetate (15 g) and calcium carbonate (5 g) 
in cyclohexane (500 ml) a t  80° were added iodine (4 g) and 111 (5 
g). The stirred mixture was refluxed and irradiated with a 250-w 
tungsten lamp for 150 min and then was cooled and filtered. The 
filter cake was washed with cyclohexane, and the filtrate was 
washed with aqueous sodium thiosulfate (5%) and water. After 
pyridine (1.25 ml) was added, the filtrate was concentrated under 
reduced pressure. 


The residue was dissolved in acetone (100 ml), and silver chro- 
mate (2.5 g) was added. The mixture was cooled to Oo, and 5.7 ml 
of a solution prepared by dissolving chromium trioxide (13.3 g) in 
sulfuric acid (11.5 ml) and diluting to 50 ml with water was added 
slowly. After 60 min a solution of sodium acetate (60 g) in water 
(100 ml) was added. The mixture was extracted two times with 
benzene. 


The organic layer was washed (water), dried (magnesium sul- 
fate), and concentrated under reduced pressure. Crystallization 
from benzene-ether gave IV in a yield of 2.4 g (46%), mp 20%210°; 
IR (CHC13): Y 1745 and 1720 cm-'; NMR: 6 1.13.(s, C-19 H), 2.02 
[s, O(O=)CCH& and 5.40 (9, C-5 H). 


Anal.-Calc. for C23H3204: C, 74.16; H, 8.66. Found: C, 74.23; H, 
8.66. 
3P,18,20(3-Trihydroxy-5-pregnene (V)-A mixture of IV (1 g) 


and lithium aluminum hydride (1 g) in tetrahydrofuran (60 ml) 


C-5 H). 


Melting points were determined in an open capillary tube on a Mel-temp 
apparatus and are uncorrected. IR spectra were recorded on a Beckman IR- 
8. NMR spectra were determined on a Varian A-60 spectrometer in deutero- 
chloroform solution and are reported in parts per million downfield from a 
tetramethylsilane internal standard. Elemental analyses were determined 
by Atlantic Microlab, Inc. 
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CH $0 
U 


CH,CO 


V VI 


was stirred overnight a t  room temperature. Standard work-up af- 
forded V which, when recrystallized from acetone, afforded an an- 
alytical sample, 0.82 g (91%); IR (mineral oil): u 3370 cm-1. 


Anal. -Calc. for C21H8403: C, 75.41; H, 10.25. Found: C, 75.18; 
H, 10.08. 
18,20-0xido-20-hydroxy-4-pregnen-3-one (V1)-Ten millili- 


ters was distilled from a mixture of toluene (80 ml), cyclohexanone 
(25 ml), and V (0.80 g). Then aluminum isopropoxide (0.80 g) was 
added, and the resulting mixture was heated under reflux for 5 hr. 
Standard work-up afforded VI, which crystallized from methylene 
chloride-ether in a yield of 0.50 g (66%). mp 172-175' [lit. (7) mp 
173-182O]; IR (CHC13): u 3440, 1660, and 1610 cm-I; NMR: d 1.11 
(s,  C-19 H), 1.47 (s,  C-21 HI, 3.71 (s,  C-18 H), and 4.67 (s, C-4 H). 
18,20-0xido-20.21-dihydroxy-4-pregnen-3-one (1)-A mix- 


ture of VI (100 mg), lead tetraacetate (100 mg), and acetic acid (1.5 
ml) was stirred at  room temperature for 6 hr. The solution was 
poured on ice, extracted with ethyl acetate, washed with water, 
dried over magnesium sulfate, and concentrated under reduced 
pressure. The residue, consisting of a mixture of VI, VII, and VIII, 
was dissolved in methanol (10 ml). To the solution was added 1 ml 
of 0.1 N potassium hydroxide. The mixture was stirred for 2 hr a t  
room temperature and then was neutralized with acetic acid and 
concentrated under reduced pressure. 


The residue was dissolved in ethyl acetate, washed with water, 
dried over magnesium sulfate, concentrated, and purified by thick- 
layer chromatography on silica gel. Acetone-benzene (1882) was 
used to develop the plate. The most polar band afforded I, in a 
yield of 60 mg (58%), mp 191-193O [lit. (7) mp 191-195OI; IR 
(CHC13): u 3415,1660, and 1610 cm-'. 


A slightly less polar band contained VI and an appreciably less 
polar band contained the lactone VIII, IR (CHC13): u 1760 cm-l. 
The NMR spectrum showed loss of acetate CH3 and the C-18 pro- 
tons appeared as an AB pattern centered at  6 4.05. 


VIII 
Scheme I 


Iv 


I : R = H  
VII: R = COCH, 


i 
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OPEN FORUM 


Chemical Classification of Plants 
Recently, a commentary appeared in the “Open Forum”’ 


discussing a book review published in J.  Pharm. Sci. 163. 
1344(1974)]. As author of the review, I wish to deny the two 
implications stated in the commentary: “. . . the reviewer implies 
that review articles on plant antitumor agents may be confusing to 
the chemically (and not botanically) oriented reader and that 
chemically oriented reviews in this area are not available.’” 


As to the first, the intended implication, which is apparent to 
me after reading the review, is that of all the articles published on 
naturally occurring substances (not only reviews and not just 
reviews on plant antitumor agents), most of them present data 
within a taxonomic framework and this may (perhaps not) be 
difficult reading for those whose training and experience are not 
botanically oriented. I readily acknowledge that the botanical 
classification approach well serves its purpose, and I made no 
suggestion to the contrary. However, I pointed out that the 
approach in this publication more closely represents a chemical 
classification than a taxonomic approach. I believe this is in 
keeping with the primary purpose of a book review, which is to 
describe the contents and methods of data presentation. 


Second, in my judgment, there are no statements in the 
reviewer’s comments that would in any way imply that chemically 
oriented reviews in this area are not available. Whether the 
reviewer was aware of chemically oriented reviews in this area is 
not a pertinent point, but can anyone with even a peripheral 
interest in plant antitumor agents not be aware of the work of Dr. 
S. M. Kupchan and some of the other authors listed by the 
commentary writers? 


Charles M.  Darling 
School of Pharmacy 
Auburn University 
Auburn, AL 36830 
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N. R. Farnsworth and G. A. Cordell, J. Phorm. Sci., 63 (11), vi(1974). 


Reviewing of Manuscripts 
Some time ago the Editor of J.  Pharm. Sci. asked for opinions 


on current review practices for manuscripts published in this 
Journal. Only a few individuals responded, and the opinions did 
not appear to be strong one way or another. Because our opinions 
were split on the issue, we did not feel that our remarks would 
contribute to the question. 


However, a unique way of handling this problem is evidenced in 
the journal Current Anthropology. This process has been 
described in detail’, but it would seem of interest to describe 
briefly the method used by this journal, and perhaps by others, for 
handling the review process of manuscripts. 


Copies of the manuscript are sent to about 20 scholars whose 
data cards indicate their competence in the subject matter. They 
are asked to evaluate the manuscript in terms of accuracy, 
importance, and interest to the profession and to make suggestions 
for improvement. Their replies, analyzed by the editorial staff, , 


provide a firm basis for a decision on the manuscriptwhether it & 
be accepted as it is or returned to the author so that he or she - 
might take account of the suggestions from the referees or seek a -2. 
more appropriate journal for the manuscript. These reviews are I 


published immediately following the article in the journal and 
often amount to the length of a full manuscript themselves. The . 
author then has the option to reply to these reviews, and such 
replies are published immediately following the reviews. 


treating the “peer review” problem in which everyone has an 
opportunity to express his or her opinion. The major 
disadvantages are: (a) there would be an additional burden placed 
on the editorial staff of the journal, (b) a larger number of 
competent reviewers would be needed, who would be willing to 
respond rapidly so as to avoid delays in publication, and (c) 
publication of most articles would be somewhat delayed. The 
obvious advantages to this system are: (a) even though an article 
was judged inappropriate for publication, the author could still 
request publication knowing that the comments and analysis of 
the referees would be made known to the readership, and (b) the 
author would have an opportunity to rebut, in writing, the 
criticisms of the referees (if needed). 


Obviously, the referees would have to be instructed to prepare 
reviews that would reflect a manuscript after being corrected for 
trivial errors. This type of a review system would perhaps 
markedly change the type of review received by the editor and 
would force some authors to be more careful in the preparation of 
their manuscripts. 


It seems to us that this is an amazingly simple and fair way of 
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Improved Method for Sampling Hepatic 
Venous Blood in the Rat 


g u i d i n g  t u b e  c 


Cannula B 


Figure 1-Cannula A with a guiding tube and Cannula B .  
A guiding tube (polyethylene tubing, 0.2 cm o.d., 15cm length) 
with its tip closed is inserted approximately 3 mm into Cannula 
A (polyethylene tubing, 0.2 cm i.d., 0.25 cm o.d., 3.2 cm length). 
The slight curve of the guiding tube is helpful in correcting 
false routes taken by the tip of Cannula A. Cannula A is filled 
with heparinized blood taken from another rat. Cannula B ,  
with its tip closed, has two lateral holes near its tip. The 
guiding tube and Cannula B are put with centimeter markers 
throughout their length. 


Keyphrases 0 Blood sampling, hepatic venous-improved meth- 
od, rats CI Hepatic blood samples, venous-improved method for 
sampling in the rat 0 Elimination-method for sampling mixed 
hepatic venous blood proposed, rats 


To the Editor: 


In an attempt to study hepatic elimination of 
drugs in uiuo in the rat, a method for sampling the 
mixed hepatic venous blood was devised. For estima- 
tion of hepatic extraction of drugs in uiuo, simulta- 
neous measurements of drug concentrations in he- 
patic arterial, portal venous, and hepatic venous 
blood are necessary. Extraction of propranolol by the 
dog liver was studied by direct measurement of he- 
patic venous concentrations of the drug in uiuo (1). 
To obtain hepatic venous blood of the dog, a cannula 
was introduced into the right or left hepatic vein of 
the dog via a superficial jugular vein under fluo- 
roscopic visualization. This cannulation applied in 
the dog is not practical for a hepatic vein of the rat, 
since hepatic veins of the rat are quite narrow and 
fragile and the cannulation is liable to cause trauma 
to the liver. 


In this communication, we report a simple method 
for sampling the mixed blood draining from the he- 
patic veins of the rat in an in uivo study of hepatic 
drug binding and the subsequent drug metabolism. 
The method described here consists of introducing a 
cannula (Cannula A, Fig. 1) into the inferior vena 
cava uia the external jugular vein so that the mixed 
blood from the hepatic veins may flow through an ar- 
tificial channel in the inferior vena cava. Subsequent 
insertion of another cannula (Cannula B, Fig. 1) into 
the inferior vena cava makes it possible to sample the 
mixed hepatic venous blood. 


A rat, 270-330 g, is placed in supine position and is 
anesthetized lightly with ether a t  suitable intervals. 
The abdomen is opened through a midline incision 
extending from the symphysis pubis to the xiphoid. 
The right lobe of the liver is reflected to the upper 
left, and the loops of the intestine are retracted 
downward to the abdominal cavity to expose the infe- 
rior vena cava between just above the right renal vein 
and the point where the vena cava becomes buried in 
the liver. The vena cava in this region is freed from 


its connective tissue, and a ligature is passed under 
the vena cava. 


The abdominal incision is then temporarily closed 
with two mosquito forceps. The right external jugular 
vein is exposed between the cephalic vein and the 
posterior external jugular vein and is ligated approxi- 
mately 3 mm proximal to the junction of the posteri- 
or external jugular vein and the right external jugular 
vein. A small cut is made with scissors on the jugular 
vein, approximately 5 mm proximal to the ligature, 
while the jugular vein between the cut and the root of 
the cephalic vein is closed with a clamp to prevent 
bleeding. 


r i g h t  e x t e r n a l  
j u g u l a r  v e i n  


g u i d i n g  h e a r t  
t u b e  


'agm 


i v e r  


vena cava  Cannula B 


Figure 2-Schematic representation of the inferior uena caua 
double cannulation for sampling mixed hepatic blood. 
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Table I-Portal Venous (CpJ and Hepatic Venous ( c h , , )  Concentrationse and Hepatic Extraction Ratiosb (HER) 
following Intravenous Administration of Propranolol and Lithium Chloride 


Propranolol 


5 m g / k  12.5  mg/kg 


5 1915 7 f 7  0 .996  5224 414 f 162 0 .921  
f 600 f 491 


30 1151 1 . 7  f 1 . 7  0.999 2061 306 =!= 93 0 .852  
=!= 476 =!= 478 


60 639 12 =!= 12 0 .981  1611 104 f 50 0.935 


Mean 0.992 0.903 
f 217 f 404 


Lithium Chloride 


40 mg/kg 
c,,, C h v ,  


mEq/liter mEq/liter HER 


1 . 5 8  1 . 5 1  0.04 
=t 0 . 2 8  f 0 . 2 7  
0 . 9 6  0 . 9 7  0 
=!= 0.10  =t 0.08 
0 . 9 1  0 . 9 1  0 
f 0.07  =t 0 . 1 0  


0 .01  


a Drug concentration6 are exprewed as mean f SE for three rats. Hepatic extraction ratios are expressed as the difference between the mean drug con- 
centrations in the portal venous and hepatic venous blood divided by the concentration in the mean portal venous blood, since the drug concentrations in the 
portal venous blood and the hepatic arterial blood (estimated from the drug concentrations in the aortic blood) were not different significantly. 


The operator starts to introduce Cannula A, pro- 
vided with a guiding tube (Fig. 11, into the jugular 
vein from the cut toward the heart; a t  the same time, 
an assistant widens the cut carefully with dissection 
forceps and subsequently removes the clamp. The as- 
sistant ties softly a loose ligature, which is placed in 
advance around the jugular vein between the cut and 
the root of the cephalic vein to prevent loss of blood 
from the cut when the rear end of Cannula A passes 
the cut of the jugular vein. The cannula is pushed 
gently over a length of approximately 50 mm into the 
jugular vein until its tip is located near the dia- 
phragm. Then the abdomen is again opened. 


The assistant exposes the vena cava between the 
diaphragm and the upper margin of the liver so that 
one can observe the tip of Cannula A passing under 
the liver. The operator must guide Cannula A care- 
fully near the right auricle, 30-35 mm from the cut, 
so as not to force it into the right auricle or the left 
superior vena cava. The operator must also be careful 
during the passage in the region of the junctions of 
the hepatic veins and the inferior vena cava. If Can- 
nula A does not advance smoothly, one should not 
force it. This difficulty can usually be overcome by 
drawing Cannula A back slightly or rotating it slight- 
ly. The tip of Cannula A is then held approximately 5 
mm proximal to the junction of the right renal vein 
and the inferior vena cava by tying the previously 
placed loose ligature (Fig. 2). 


Immediately after ligation, the operator pulls the 
guiding tube out of Cannula A and extracts i t  from 
the vena cava and external jugular vein; the assistant 
holds Cannula A tightly over the vena cava with dis- 
section forceps. It is important a t  this stage that. the 
guiding tube be pulled out as quickly as possible after 
the ligation to relieve the obstruction of blood flow in 
the vena cava. Then the operator ligates the jugular 
vein just proximal to the cut to  close the cut of the 
jugular vein. 


The assistant reflects the right lobe of the liver to 
the left again and retracts the central and left lobes 
gently to expose the inferior vena cava between the 
lower margin of the liver and the right renal vein. 
Then the operator makes a venous puncture by a 
needle point, approximately 3 mm proximal to the 


ligature of the vena cava, and introduces Cannula B 
(Fig. 1) over a distance of approximately 15 mm 
toward the heart, picking up the vena cava near the 
cut by dissection forceps. Cannula B should be in- 
serted up to 20-25 mm from the caudal tip of Cannu- 
la A to  avoid reflux of the blood of the inferior vena 
cava into Cannula B. Usually no bleeding is encoun- 
tered during this maneuver. 


A syringe is attached to the other end of Cannula 
B, and it is then confirmed that the hepatic venous 
blood flows out in Cannula B on slight suction. Can- 
nula B is secured by ligation, and the abdominal inci- 
sion is closed. At the end of experiment the animals 
are sacrificed to make sure that the lateral holes of 
Cannula B are located in such a way as to draw the 
mixed hepatic venous blood. The duration of opera- 
tion for this double-cannulation method is approxi- 
mately 15 min. 


The influence of this improved technique for sam- 
pling hepatic venous blood on hepatic blood flow was 
examined by the method usually employed in hu- 
mans and dogs (2, 3). This method for calculation of 
hepatic blood flow is based on the Fick principle, 
using constant infusion of sulfobromophthalein, 
which is removed exclusively by the liver. The proce- 
dure used here was the same as that used by Chau- 
vaud et al. (4) in the rat except for the sampling of 
hepatic venous blood. The result obtained with 30 
rats after this operation showed a mean flow rate of 
4.06 f 0.22 (SE) ml/min/100 g of bQdy weight. This 
value is comparable to reported values (5, 6). This 
finding indicates that the basal hepatic blood flow is 
not altered by the double cannulation into the inferi- 
or vena cava. 


An extremely high extraction ratio during intrave- 
nous administration of propranolol was obtained in 
the dog by measurement of hepatic venous drug con- 
centrations (1). Our previous result also suggests that 
the hepatic extraction of propranolol might be almost 
complete in the rat in a dose range of 2.5-12.5 mg/kg 
(7). The described double vena cava cannulation was 
used for estimation of the hepatic extraction ratio, 
using propranolol and lithium chloride as test com- 
pounds. Propranolol was administered to rats in 
doses of 5 and 12.5 mg/kg in 30 sec into the femoral 
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vein, and lithium chloride was administered in a dose 
of 40 mg/kg in the same manner. Hepatic extraction 
ratios of propranolol and lithium chloride were mea- 
sured by obtaining blood samples simultaneously 
from the portal vein and the hepatic veins at various 
intervals after administration. 


The portal venous blood of the rat can be taken 
through a cannula introduced via the pyloric vein 
into the hepatic portal vein (8, 9). Propranolol and 
lithium concentrations in whole blood were deter- 
mined by the spectrophotofluorometric method of 
Shand et al. (10) and by the flame-photometric 
method of Amdisen (ll), respectively. The hepatic 
extraction ratio was calculated from drug concentra- 
tions of the portal venous and hepatic venous blood 
samples taken simultaneously. The drug concentra- 
tions in the portal venous and hepatic venous blood 
and the mean hepatic extraction ratios are shown in 
Table I. 


Propranolol concentrations in the mixed hepatic 
venous blood were always much lower than those in 
the portal venous blood, while lithium concentrations 
in the two venous blood samples were almost equal. 
Hepatic extraction of propranolol was essentially 
complete in the dose of 5 mg/kg, and it was more 
than 85% even in the dose of 12.5 mg/kg. On the 
other hand, lithium was essentially not extracted in 
the dose of 40 mg/kg. 


A method for sampling hepatic venous blood may 
also be used for measurement of hepatic blood flow. 
In humans and in dogs, blood samples from a hepatic 
vein may be easily taken under direct fluoroscopic vi- 
sualization by catheterization of a hepatic vein via 
the median basilic vein and the superficial jugular 
vein, respectively. However, in the rat, several techni- 
cal problems arise on account of the small size of the 
vessels and liver. A major problem is to place a can- 
nula in such a manner as to avoid trauma to the liver 
and to prevent contamination by the blood of the in- 
ferior vena cava. 


For sampling hepatic venous blood, Dhumeaux 
and Berthelot (12) applied a catheter to one of the 
small hepatic veins through an incision made in the 
central lobe of the liver. The main disadvantage of 
the hepatic vein catheterization as well as this trans- 
hepatic vein catheterization is that one does not sam- 
ple the mixed blood draining from all of the hepatic 
veins, since the hepatic veins empty themselves sepa- 
rately into the inferior vena cava. Drug concentra- 
tions in blood samples obtained by these methods are 
not always representative of the level in the entire 
hepatic venous outflow (13). Therefore, data ob- 
tained from such localized samplings may not be sat- 
isfactory for estimation of true hepatic extraction of a 
drug by the whole liver. 


The technique of the double cannulation of the in- 
ferior vena cava presented here overcomes the disad- 
vantage inherent in the previous methods, since the 
mixed hepatic venous blood, instead of blood from 
only one hepatic vein, can be obtained. This im- 
proved method for sampling the mixed hepatic ve- 
nous blood is simple and practical. When applied in 
the rat, this method has proved useful for the deter- 


mination of the drug hepatic extraction ratio in the 
study of in uivo drug metabolism as well as for mea- 
surement of hepatic blood flow in the rat. Details of 
these studies will be reported. 
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Concentration Dependence of Ethanol 
Effect on Intestinal Absorption of 
Theophylline in Rats 


Keyphrases Ethanol-effect on intestinal absorption of theo- 
phylline, concentration dependence, rats, 0 Theophylline-intes- 
tinal absorption, concentration dependence of ethanol, rats Ab- 
sorption, intestinal-theophylline, concentration dependence of 
ethanol, rats 


To the Editor: 


Koysooko and Levy (1) recently reported that the 
rate of absorption of theophylline from the perfused 
small intestine of anesthetized rats is increased sig- 
nificantly in the presence of a constant 2% concentra- 
tion of ethanol and that there is a positive rank-order 
correlation between theophylline absorption from the 
ligated small intestine of rats and water net flux from 
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PHARMACEUTICAL TECHNOLOGY 
~~ 


Automated Procedure for Determination of Free 
Aromatic Amine in Water-Soluble Radiopaques 


E. FELDER", D. PITRE, and M. GRAND1 


Abstract The determination of free aromatic amine in water- 
soluble radiopaques by diazotization in 2-methoxyethanol-water, 
coupling with naphthylethylenediamine, and colorimetry of the 
azo dye has been automated. Sensitivity, precision, and accuracy 
are satisfactory for purity testing and stability studies. 


Keyphrases Radiopaques (water soluble)-automated determi- 
nation of free aromatic amine impurities 0 Amine impurities in 
water-soluble radiopaques-automated determination 


Many water-soluble radiopaques currently used in 
urography, angiography, and intravenous cholecysto- 
graphy are derivatives of 2,4,6-triiodobenzoic acid 
with at least one acylated aromatic amino group in 
position 3 or 5. Acylation of the amino group is nor- 
mally the last step of the synthesis. Therefore, test- 
ing of nonreacted amine as a potential impurity be- 
comes mandatory. In fact, a quantitative determina- 
tion of free aromatic amine is specified in several 
monographs for radiopaques listed in USP XVIII 
and BP 1968. 


The purpose of the present investigation was to de- 
velop an automated technique for the determination 
of free aromatic amine in radiopaques as bulk prod- 
ucts or as injectable solutions. The application of the 


SD3 SAMPLER 


I 
061 , 


080 . 
310 . 


J 
WASTE 


Figure 1-Automated flow diagram (NED = naphthyl- 
ethylenediamine). 


procedure is for routine purity testing and for exten- 
sive stability studies of the injectable radiopaque so- 
lutions, where free aromatic amine may be formed by 
hydrolysis of the acylamino group. 


Among the methods for the determination of aro- 
matic amine reported in the literature, the Bratton- 
Marshall (1) reaction was considered most suitable 
for automation. This reaction is used in the USP 
XVIII monographs for meglumine diatrizoate injec- 
tion (2), sodium diatrizoate injection (3), meglumine 
iodipamide injection (4), sodium iodipamide injec- 
tion ( 5 ) ,  meglumine iothalamate injection (6), and so- 
dium iothalamate injection (7); it has already been 
automated for assay of ethopabate (81, sulfonamides, 
and other drugs ( 9 , l O ) .  


EXPERIMENTAL 


Apparatus-The analytical train included the following mod- 
ules: a SD3 sampler distributor' programmed a t  30 sampleshr and 
set for a sample-wash ratio of 1:3, a proportioning pump2, a flow 
photomete9 equipped with a 6-mm continuous flow cell and a 
500-nm interferential filter, and a recorder4 with a chart speed of 
152.4 cm/hr (60 in./hr). 


Reagents5 and  Solutions-The following were used: 2-methox- 
yethanolfi-distilled water ( l : l ,  v/v), 3 N hydrochloric acid in 2- 
methoxyethanol-distilled water (l : l ,  v/v), 0.1% sodium nitrite in 
distilled water, 2% ammonium sulfamate in 2-methoxyethanol- 
distilled water (l:l, v/v), and 0.2% N-(1-naphthy1)ethylenediamine 
in 2 N hydrochloric acid-2-methoxyethano1(1:1, v/v). 


Standard Solutions-The following standard solutions were 
prepared: 3-amino-2,4,6-triiodobenzoic acid, 3-amino-5-acet- 
amido-2,4,6-triiodobenzoic acid, 3-amino-5-methylacetamido- 
2,4,6-triiodobenzoic acid, and 5-amino-2,4,6-triiodo-N-acetyliso- 
phthalamic acid. 


Stock solutions were prepared by neutralizing 50 mg of each 
standard substance with 0.1 N NaOH and diluting to 100 mi in a 
volumetric flask with distilled water. These stock solutions were 
further diluted separately to obtain final concentrations in 2- 
methoxyethanol-water (1:1, v/v) ranging from 2.5 to 150 fig/ml. 


The standard substances were checked for purity by carbon and 
iodine microanalysis, acidimetric determination of the equivalent 
weight, and TLC. 


Sample Solution-For preparation of sample solutions from 
bulk substance, 5 g was neutralized with 2 N NaOH, diluted to 25 
ml with distilled water, and then diluted to 50 ml with 2-methoxy- 
ethanol. From injectable solutions, a sample of 1-5 ml was with- 
drawn and diluted accurately with distilled water and then with 
2-methoxyethanol to obtain a 1096 solution of the radiopaque in 2- 
methoxyethanol-water (1:l). 


Automated Procedure-The schematic diagram of Fig. 1 indi- 


' Colorimetric laboratory analyzer model 1500, C. Erba, Milan, Italy. 
C. Erba, Milan, Italy. 
Model FF1, C. Erba, Milan, Italy. 
Speedomax W, Leeds & Northrup. 
All chemicals were E. Merck reagent grade. 
Methylcellosolve. 
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Figure 2-Typical recording curve of 3-amino-2,4,6-triiodo- 
benzoic acid standard solutions. 


cates the five phases of the automated procedure: ( a )  aspiration of 
the sample (30 sec) and washing (90 sec), ( b )  segmentation with air 
and combination with diazotizing reagent (reaction time of 40 sec 
a t  room temperature), (c)  elimination of excess nitrous acid with 
ammonium sulfamate (40 sec), ( d )  coupling of the diazotized aro- 
matic amine with naphthylethylenediamine (160 sec), and ( e )  con- 
tinuous-flow photometry of t,he azo dye at 500 nm. 


The flow rate of the reagents was set for obtaining the following 
molar ratio: 


sample (200pg/ml) 1 
sodium nitrite 27 
hydrochloric acid 17,000 
ammonium sulfamate 325 
N - (  1-naphthy1)ethylenediamine 17 


Prior to performing the analysis, the automated system was cali- 
brated by triplicate assay of  a series of analytical reference stan- 
dards in the 2.5-150-pg/ml range. The linear regression was calcu- 
lated from the recorded absorbance values (11). 


Triplicate sets of five "standard" samples with a reference stan- 
dard between each set were analyzed. The  free amine concentra- 
tion was determined from the mean absorbance measurement with 
the aid of the standard calibration curve'. 


RESULTS AND DISCUSSION 


Linearity and Sensitivity-Figure 2 is a reproduction of a re- 
cording curve obtained hy analyzing standards of sodium acetri- 
mate  injectable solution with a free amine content in the 2.5-150- 
pg/ml range. The  uniformity and linearity of triplicate analyses at  


' If the mean error of the determination of one of the inserted standard 
samples was greater than two times the standard deviation of  the  calihrati(in 
curves, the system was calibrated again and the new regression values were 
used for the following analyses. In practice, the deviation ( i f  the inserted 
standard sample was always 51.5 SD within the same working day. 
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Table 111-Comparison of Automated a n d  Manual Method  
~~ 


Conten t  Free Amine Found,  mg/100 ml 
- 


Salt ,  Iodine, Au tomated  Manual 
Injectable Radiopaque g/100 ml Composition, % mg/ml Method  Method Differences 


Sodium-meglumine 


Sodium-meglumine 


Sodium-meglumine 


Sodium-meglumine 


Sodium iothalamate 
Sodium iothalamate 
Sodium iothalamate 
Sodium iothalamate 
Sodium iothalamate 
Meglumine iodamide 
Sodium-meglumine 


Sodium-meglumine 


Sodium-meglumine 


diatrizoate 


diatrizoate 


diatrizoate 


diatrizoate 


iodamide 


iodamide 


iodamide 


60 


60 


75 


75 


60 
60 
67 
80 
80 
65 
62 


80 


80 


Meglumine 87 
Sodium 13 
Meglumine 87 
Sod ium 1 3  
Meglumine 87 
Sodium 13 
Meglumine 87 
Sodium 13 
Sodium 100 
Sodium 100 
Sodium 100 
Sodium 100 
Sodium 100 
Meglumine 100 
Meglumine 77 
Sodium 23 
Meglumine 85 
Sodium 15 
Meglumine 45 
Sodium 55 


296 


296 


370 


370 


282 
282 
400 
479 
479 
300 
340 


380 


420 


3.9 


4 . 2  


5 . 6  


6.0 


14.45 
12 .3  
8 .1  


2 3 . 1  
8 . 6  
5.0 
3 . 4  


17.0 


7 . 7  


3 . 7  


3.95 


5 . 8  


6 . 1  


15.0 
12.2 


7 . 9  
23.3 


8.6 
5 . 0  
3 . 2  


16 .8  


7.5 


+0 .2  


+0.2s 


-0 .2  


-0.1 


-0.55 
+ 0 . 1  
+0.2 
-0.2 
+o.o 
+o.o 
+0 .2  


+0 .2  


+0.2 


the various concentrations and the return to the baseline between 
samples, indicating no overlap, can be noted. 


Precision and Accuracy-Reproducibility of the automated 
technique was demonstrated by statistical analysis of 10 concen- 
tration uersus absorbance regression lines randomly selected out of 
36 calibrations performed with the same reference standards dur- 
ing 2 months (Tables I and 11). The accuracy of the proposed pro- 
cedure was evaluated by comparison of the results obtained by the 
automated technique with that of the USP XVIII (2,3, 6,7) proce- 
dure. Table 111 shows the excellent agreement between the two 
procedures for sodium and meglumine salts of diatrizoic acid and 
iothalamic acid. 


The values for the manual method reported in Table 111 for 
iodamide salts were obtained by a manual method developed in 
these laboratories corresponding to the USP XVIII method for di- 
atrizoate injectable solutions. 
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Simple Isolated Perfused Artery Preparation: 
Vasoconstrictor Evaluation 


CHESTER M. DAVIS and THOMAS F. BURKS’ 


Abstract Small mesenteric arteries free of all extraarterial 
tissues were obtained from anesthetized dogs and perfused in vitro 
with Krebs solution. Vasoconstrictor responses of these arteries to 
intraarterial levarterenol and epinephrine were dose related and 
equivalent to those of arteries surrounded by fat and other tissues. 
Responsiveness was stable for a t  least 60 min. This simple prepa- 
ration is useful for the study of vasoconstrictor phenomena in un- 
complicated arterial tissue. 


Keyphrases Vasoconstrictor evaluation-simple isolated per- 
fused artery preparation described, response to catecholamines de- 
termined 0 Artery preparation-preparation of simple isolated 
perfused artery described, vasoconstrictor evaluation 0 Vascular 
smooth muscle-description of simple isolated perfused artery 
preparation, vasoconstrictor evaluation 


I t  is often desirable in pharmacological analysis to 
examine drug effects on arterial smooth muscle. Also, 
an uncomplicated technique for measurement of re- 
sistance in small isolated arteries can be advanta- 
geous in physiological studies of vascular smooth 
muscle. 


Two methods are generally used in investigations 
of isolated vascular muscle reactivity: measurement 
of flow or pressure in perfused vessels, and direct re- 
cording of tension or length in vascular muscle strips 
(1). Smaller vessels that participate in regulation of 
peripheral resistance have usually not been studied 
by either method because of difficulty in preparation. 
The isolated artery preparation described here is rel- 
atively simple to prepare and should be easily adapt- 
able to various test procedures. 


EXPERIMENTAL 


Artery Preparation-Mongrel dogs of either sex, 8-20 kg, were 
anesthetized with sodium pentobarbital (30 mg/kg) or sodium 
thiopental (15 mg/kg) and sodium barbital (250 mg/kg) adminis- 
tered intravenously. The anesthetic was supplemented as required 
during the experiment by administration into a cannulated femo- 
ral vein. 


The small intestine was exposed by a midline abdominal inci- 
sion, and an arcade of mesenteric artery supplying a small segment 
of intestine was chosen for isolation. The mesentery on either side 
of the arcade was cut with scissors, and umbilical tape ligatures 
were tied around the intestine on either side of the arterial fan. 
The mesenteric artery in the arcade chosen was then cannulated 
with a 4-6-cm length of polyethylene catheter (1.27 mm 0.d.; PE 
go), usually drawn down to slightly smaller dimensions (1.0 mm 
0.d.) at its tip and attached to a 10-ml syringe filled with Krebs so- 
lution. 


After the catheter was tied into the artery, 5 ml of Krebs solu- 
tion was gently flushed through the vasculature of the gut section 
to remove any blood. Another ligature was then tied centrally to 
the cannula, and the artery and periarterial tissue were clipped 
loose above the cannula and from the serosal surface of the intes- 
tine. Each dog was capable of supplying a t  least 10 such arteries. 
This procedure provides an “undissected” mesenteric artery, 
which could be perfused with a physiological salt solution (2). 


The mesentery over the artery was then gently split with the tip 


Figure 1-Photograph of polyethylene cannulas and isolated 
mesenteric artery. The cannula on the left is the original tubing 
(PE 90); the one on the right was drawn down to a tip opening 
of approximately 1 mm 0.d. The artery illustrated is typical of 
the ones employed in this study with terminal vessels less than 
0.5 mm in diameter. 


of an iris forceps along the length of the artery and over the visible 
branches. With only slight traction on the artery, and with the aid 
of the iris forceps, the artery was gently dissected free of the peri- 
arterial tissues and its small terminals were cut wherever desired. 
It was generally convenient to prepare an artery with terminals of 
0.2-0.5 mm 0.d. or smaller. One isolated artery is illustrated in Fig. 
1. Since the dissection of the artery required no longer than 1 min 
and small amounts of Krebs solution could be forced through the 
lumen every few seconds, i t  was not necessary to moisten the ar- 
tery with an externally applied saline solution. 


Perfusion-The cannula of the artery was attached to Tygon 
and polyethylene tubing leading from a constant-flow pulsatile 
pump’, and the artery was perfused with Krebs bicarbonate solu- 
tion warmed to 37O and bubbled with 95% 0 ~ 5 %  COz. The rate of 
flow varied from 10 to 20 ml/min, but a flow rate of 13 ml/min pro- 
duced a perfusion pressure in most arteries of 25-30 mm Hg above 
the resistance offered by the cannula alone. Since flow was held 
constant, the perfusion pressure was directly proportional to the 
arterial resistance. Perfusion pressure was measured from a T-con- 
nection between the pump and the artery by a pressure transduc- 
er2 and was recorded on an oscillographic recorder3. 


Intraarterial injections were made with a 100-pl syringe in vol- 
umes of 0.01-0.1 ml into injectable tubing immediately above the 
arterial cannula. A 2-3-cm section of injectable tubing was pre- 
pared by wrapping one or two thicknesses of adhesive tape around 
ordinary rubber tubing. 


The artery was usually suspended from the cannula into the 


1 Sigmamotor ty T-8. 
2 Statham P23Dgf 
3 Beckman type RM dynograph. 
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Figure 2-Dose-response relationships of pressor responses 
(changes in perfusion pressure) to epinephrine and levarterenol 
(norepinephrine) administered intraarterially in isolated mes- 
enteric arteries. R indicates that 1 dose unit of epinephrine 
produced an increase in perfusion pressure equivalent to 2.75 
units of levarterenol. Each point is the mean (&EM) of 
responses in preparations from six animals. 


warm, moist air of the muscle chamber of a conventional isolated 
muscle bath, and the perfusate was allowed to drain from the bot- 
tom of the bath. In some experiments, the artery was exposed to 
room air without observable changes in responsiveness. 


Drugs and Chemicals-The vasoconstrictor agents employed 
were levarterenol (norepinephrine) bitartrate4 and epinephrine bi- 
tartrate5. Doses are expressed as the free bases. Krebs bicarbonate 
solution of the following composition was employed as the perfu- 
sion medium (in millimoles): NaCl, ,118.0; KC1, 4.7; CaC12, 2.5; 
KH~P04, l . l ;  MgSO4,0.5; NaHC03, 25.0; and glucose, 10.0. 


Experimental Design-Two groups of six dogs were used. In 
one group, two dissected arteries were removed from each dog and 
each artery was injected with all dose levels of either levarterenol 
or epinephrine. These responses were employed in construction of 
dose-response curves. In the other groups of animals, six undis- 
sected arteries were removed from each dog and were attached to 
the perfusion apparatus. After their responsiveness to levarterenol 
and epinephrine stabilized, extraarterial tissues were removed and 
responses of the dissected arteries to the adrenergic amines were 
determined. 


Effects of removing extraarterial tissues on responsiveness were 
compared by Student’s t test, paired comparisons (3). Dose-re- 
sponse curves were compared by parallel line bioassay (4). Relative 
differences in arterial reactivity among dogs and by position re- 
moved (whether first or sixth) were determined by a Latin-square 
design analysis of variance (5). 


RESULTS 


The arteries were removed quickly and without difficulty from 
the donor animals. Once perfusion was begun, the baseline perfu- 
sion pressure usually stabilized within 5-10 min and remained rel- 
atively constant for a t  least 60 min. Test doses of catecholamine 
were administered at  2-min intervals beginning about 5 min after 
perfusion was begun. Vasoconstrictor responses to the intraarterial 
catecholamines became maximal within 10-20 min and remained 
stable for 30-60 min. 


A uniform time interval (1.5-4 min) between doses improved 
reproducibility of the responses. In most arteries, perfusion pres- 
sure after a response returned to baseline within 2 min of the cate- 
cholamine injection. Within the limits of 0.01-0.1 ml, the volume 
of the injection did not affect the magnitude of the responses. 
There was also no difference in responsiveness whether the solvent 
for the catecholamines was purified water, 0.9% sodium chloride, 
or Krebs solution. 


There was a significant variation between animals in responsive- 
ness of their isolated arteries to levarterenol and epinephrine. In a 
series of six dogs, two of the animals provided arteries significantly 


Levophed, Winthrop. 
5 Suprarenin, Winthrop. 


Table I-Comparative Responsiveness of Isolated 
Mesenteric Arteries before and  after Removal of 
Extraarterial Tissues (n = 36) 


Before After P 


Baseline perfusion pressure, 26 f 1 41 f 3 <0.01  
mm Hga 


Responses, mm Hg, to: 
Levarterenol (1.6-4.0 pg) 93 f 4 100 f 5 NS 
Epinephrine (0.8-2.0 pg) 87 f 5 96 f 6 NS 


a Each artery was perfused at identical flow rates before and after clearing 
extraarterial tissues. 


more reactive than those from the remaining four dogs. Different 
arteries from the same dog produced comparable responses. The 
position of the artery removed (whether first or third) did not af- 
fect responsiveness to the catecholamines. 


The magnitude of vasoconstrictor responses to intraarterial le- 
varterenol and epinephrine was proportional to the dose levels ad- 
ministered (Fig. 2). Dose-response curves to the two catechol- 
amines were parallel, but epinephrine was 2.7 times more potent 
than levarterenol as a vasoconstrictor. 


To determine whether removal of periarterial tissues from the 
“undissected” arteries resulted in loss of fine juxtaintestinal arte- 
rial branches and whether the imposition of the surgical trauma 
affected responses, the reactivity of the isolated arteries was com- 
pared before and after dissection from periarterial tissue (Table I). 
Baseline perfusion pressures a t  identical rates of flow before and 
after dissection were slightly increased after the dissection proce- 
dure. There was no significant change in the magnitude of re- 
sponses to levarterenol and epinephrine due to dissection. An ex- 
ample of the responses of an artery before and after removal of 
periarterial tissues is illustrated in Fig. 3. 


DISCUSSION 


The isolated artery preparation described here provides a mea- 
sure of arterial resistance, is easily prepared, and is quite reactive 
to catecholamines. Two further features are reproducibility of re- 
sponses and absence of fat and other periarterial tissues. The iso- 
lated artery preparation introduced by Rogers et al. (2) has the 
advantage of associated periarterial nerves but the disadvantage of 
a large mass of extraarterial fat and connective tissue which can 
serve as a reservoir of ions and as a depot for lipid-soluble drugs 
and hormones. Isolated resistance vessels from the rabbit brain or 
mesentery, described by Uchida et al. (61, provide small (50-250 
pm 0.d.) terminal vessels but lack the advantage of ease of prepa- 
ration since a dissection microscope and a small (400 pm 0.d.) can- 
nula tip are required. 


There was concern that dissection of the artery from surround- 
ing tissues would result in excess surgical trauma or loss of smaller 
terminal vessels near the intestine. Therefore, responses before 
and after clearing the arteries of extraarterial tissues were com- 
pared. The results showed no decreases in baseline perfusion pres- 
sure that would have resulted if fine resistance vessels were re- 
moved in the dissection process (6). The pressure changes induced 
by the catecholamines also were not decreased after dissection. 


(U N DI SSECTED) 
lmin 


(DI SSECT ED) 


M 


N E N E  N E N E N E  


Figure 3-Responses of an isolated artery to levarterenol 
(norepinephrine) ( N ,  3 pg) and to epinephrine ( E ,  1 p g )  
before (undissected) and after (dissected) removal of extra- 
arterial fat and other tissues. The artery was perfused at 
constant flow of 11 mllmin. Baseline perfusion pressure was 
increased after dissection, but the changes in perfusion pres- 
sureproduced by thecatecholamines were not changed. 
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These observations indicate that the major portion of the resis- 
tance segments were retained after the dissection process. 


Responsiveness to intraarterially injected catecholamines was in 
the same general range as reported for similar preparations (2,6). 
The potency ratio between epinephrine and levarterenol of 2.75 
(1.95-4.75) agrees closely with that reported by Rogers et al. (2) of 
2.61 (1.563.66). 


This isolated artery preparation can provide a useful method of 
testing vasoconstrictor responses to catecholamines. The arteries 
may be perfused while hanging in air or submerged in bath fluid in 
recirculating or nonrecirculating systems. They also may be stored 
at least overnight in refrigerated Krebs solution without loss of re- 
sponsiveness to levarterenol, epinephrine, or potassium ion (7). 
Therefore, it seems to provide one simple alternative to vascular 
strips or conduit vessels in studies of vascular smooth muscle. 


REFERENCES 


(1) F. R. Domer, “Animal Experiments in Pharmacological 
Analysis,” Charles C Thomas, Springfield, Ill., 1971, pp. 476-495. 


(2) L. A. Rogers, R. A. Atkinson, and J. P. Long, Amer. J. Phys- 


(3) A. Goldstein, “Biostatistics-An Introductory Text,” Mac- 


(4) D. J. Finney, “Experimental Design and Its Statistical 


(5) R. G. D. Steel and J. H. Torrie, “Principles and Procedures 


(6) E. Uchida, D. F. Bohr, and S. W. Hoobler, Circ. Res., 21, 


(7) T. F. Burks, C. T. Spalding, and V. D. Jones, ibid., 29, 


iol., 209,376( 1965). 


millan, New York, N.Y., 1964. 


Basis,” University of Chicago Press, Chicago, Ill., 1955. 


of Statistics,” McGraw-Hill, New York, N.Y., 1960. 


525(1967). 


525(1971). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received March 11, 1974, from the Department of Pharmacolo- 
gy, University of Texas Medical School at Houston, Texas Medi- 
cal Center, Houston, T X  77025 


Accepted for publication August 9,1974. 
To whom inquiries should be directed. 


N-  Substituted Indanamines as Potential 
Hypoglycemic Agents 


SAMIR Ch. LAHIRI’, JAYANTA K. GUPTA, and ANINDYA K. MONDAL 


Abstract 0 A number of indanamines substituted at the terminal 
amino nitrogen with various aliphatic, alicyclic, heterocyclic, and 
aromatic ring systems were synthesized and screened for hypogly- 
cemic activity. None was found to possess significant activity com- 
pared to tolbutamide. 


Keyphrases 0 Indanamines, N-  substituted-synthesized and 
screened as hypoglycemic agents 0 Hypoglycemic agents, poten- 
tial-synthesis and screening of N-  substituted indanamines 


Hypoglycemic activity was reported among differ- 
ent types of indanamines (1-4). It was also observed 
that n- butylpyrrolidine alone possesses appreciable 
hypoglycemic activity but was extremely toxic (1). 
Furthermore, it is well known that among the sulfon- 
ylureas, various alicyclic, heterocyclic, and aromatic 
ring substitutions at  the terminal urea nitrogen atom 
had a beneficial effect (5-8). 


Therefore, attempts were made to incorporate var- 
ious such ring systems at  the terminal amino nitrogen 
atom of the indanamine ring moiety and to observe 
the effect on hypoglycemic activity. All of these com- 
pounds were prepared by following a reported proce- 
dure (1-4). Unlike the previous work, both the am- 
ides and the corresponding amine hydrochloride salts 


were used for the pharmacological evaluation of hy- 
poglycemic activity. 


EXPERIMENTAL’ 


Indan-N-substituted Carboxamides (Ia and I1a)-These 
compounds were prepared from indan-1-carboxylic acid (9, 10) (1 
mole) and indan-1-acetic acid (11) (1 mole) via the acid chloride 
intermediate (3) by reaction with the corresponding primary or 
secondary bases (1.5 moles) in the presence of 10% NaOH solution. 
The amides were either extracted with a suitable solvent or ob- 
tained as a crystalline solid, which was subsequently purified by 
crystallization from suitable solvents. The physical properties, 
analyses, and hypoglycemic activity of all amides, synthesized are 
given in Table I. 


N-Substituted Indanamines (I and 11)-The amides (1 mole) 
so prepared were reduced by lithium aluminum hydride reduction 
(1.5 moles) in absolute ether. The excess lithium aluminum hy- 
dride was decomposed with calculated amounts of 3% NaOH solu- 
tion and filtered. The filtrate was extracted with cold 2 N HCl 
until it was free from amine. The aqueous layer was basified and 
extracted with ether, washed, dried, and distilled under reduced 
pressure. 


The amines were characterized as their hydrochloride salts, and 
these hydrochloride salts were used for hypoglycemic screening. 
The analyses, physical properties, and hypoglycemic activity of the 
amines are given in Table I. 


* All melting points were determined in a Gallenkamp apparatus and are 
corrected. Boiling points are uncorrected. 
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vein, and lithium chloride was administered in a dose 
of 40 mg/kg in the same manner. Hepatic extraction 
ratios of propranolol and lithium chloride were mea- 
sured by obtaining blood samples simultaneously 
from the portal vein and the hepatic veins at various 
intervals after administration. 


The portal venous blood of the rat can be taken 
through a cannula introduced via the pyloric vein 
into the hepatic portal vein (8, 9). Propranolol and 
lithium concentrations in whole blood were deter- 
mined by the spectrophotofluorometric method of 
Shand et al. (10) and by the flame-photometric 
method of Amdisen (ll), respectively. The hepatic 
extraction ratio was calculated from drug concentra- 
tions of the portal venous and hepatic venous blood 
samples taken simultaneously. The drug concentra- 
tions in the portal venous and hepatic venous blood 
and the mean hepatic extraction ratios are shown in 
Table I. 


Propranolol concentrations in the mixed hepatic 
venous blood were always much lower than those in 
the portal venous blood, while lithium concentrations 
in the two venous blood samples were almost equal. 
Hepatic extraction of propranolol was essentially 
complete in the dose of 5 mg/kg, and it was more 
than 85% even in the dose of 12.5 mg/kg. On the 
other hand, lithium was essentially not extracted in 
the dose of 40 mg/kg. 


A method for sampling hepatic venous blood may 
also be used for measurement of hepatic blood flow. 
In humans and in dogs, blood samples from a hepatic 
vein may be easily taken under direct fluoroscopic vi- 
sualization by catheterization of a hepatic vein via 
the median basilic vein and the superficial jugular 
vein, respectively. However, in the rat, several techni- 
cal problems arise on account of the small size of the 
vessels and liver. A major problem is to place a can- 
nula in such a manner as to avoid trauma to the liver 
and to prevent contamination by the blood of the in- 
ferior vena cava. 


For sampling hepatic venous blood, Dhumeaux 
and Berthelot (12) applied a catheter to one of the 
small hepatic veins through an incision made in the 
central lobe of the liver. The main disadvantage of 
the hepatic vein catheterization as well as this trans- 
hepatic vein catheterization is that one does not sam- 
ple the mixed blood draining from all of the hepatic 
veins, since the hepatic veins empty themselves sepa- 
rately into the inferior vena cava. Drug concentra- 
tions in blood samples obtained by these methods are 
not always representative of the level in the entire 
hepatic venous outflow (13). Therefore, data ob- 
tained from such localized samplings may not be sat- 
isfactory for estimation of true hepatic extraction of a 
drug by the whole liver. 


The technique of the double cannulation of the in- 
ferior vena cava presented here overcomes the disad- 
vantage inherent in the previous methods, since the 
mixed hepatic venous blood, instead of blood from 
only one hepatic vein, can be obtained. This im- 
proved method for sampling the mixed hepatic ve- 
nous blood is simple and practical. When applied in 
the rat, this method has proved useful for the deter- 


mination of the drug hepatic extraction ratio in the 
study of in uivo drug metabolism as well as for mea- 
surement of hepatic blood flow in the rat. Details of 
these studies will be reported. 
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Concentration Dependence of Ethanol 
Effect on Intestinal Absorption of 
Theophylline in Rats 


Keyphrases Ethanol-effect on intestinal absorption of theo- 
phylline, concentration dependence, rats, 0 Theophylline-intes- 
tinal absorption, concentration dependence of ethanol, rats Ab- 
sorption, intestinal-theophylline, concentration dependence of 
ethanol, rats 


To the Editor: 


Koysooko and Levy (1) recently reported that the 
rate of absorption of theophylline from the perfused 
small intestine of anesthetized rats is increased sig- 
nificantly in the presence of a constant 2% concentra- 
tion of ethanol and that there is a positive rank-order 
correlation between theophylline absorption from the 
ligated small intestine of rats and water net flux from 
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'Table I-Effect of a Constant Concentration of Ethanol in the Perfusion Solution on Theophylline Absorption from In Situ 
Perfused Rat Small Intestine 


Theophylline 
Ethanol Water Net  Fluxb, Intestinal Clearance, Number Body 


Concentration, % ml cm-1 hr-1 ml cm-l min-l X l o 3  of Rats Weight, g 


0 0.051 (0.024) 5.25 (0.73)c 6 279 (50)c 
00 0.048 (0.017) 5.27 (0.62) 6 297 (41) 


0.25 f 0.03 0.070 (0.023) 6.66 (0.40)d 6 270 (56) 
1.08 31 0.27 0.133 (0.011); 9.77 (0.70)d 4 252 (54) 
1.88 f 0.14 0.103 (0.014) 9.02 (1.97)d 4 282 (43) 
1.93 i 0.35a 0.116 (0.013) 8 .33  (1.09)d 6 296 (29) 


~ ~~ ~ ~ ~~ 


a Data from Ref. 1 . 6  Slone of a d o t  of cumulative water net flux uersus time during the first 60 min. C All results are expressed as means (standard deviation). 
Statistically significant di'fferen& from control value ( p  < 0.02). 


the intestine at  initial ethanol concentrations of 0, 5, 
10, and 20%. A subsequent study determined the con- 
centration profile for the effect of ethanol on water 
flux and showed that ethanol concentrations as low 
as 0.05% can increase water net flux from the intes- 
tine (2). These findings suggested that even very low 
concentrations (<1%) of ethanol might increase theo- 
phylline absorption. 


To investigate this possibility, we determined the 
effects of 0, 0.25, 1, and 2% ethanol on theophylline 
absorption from the in situ perfused small intestine 
of anesthetized rats, using the methodology de- 
scribed previously (1). The results of these investiga- 
tions (Table I) show that ethanol in 1% and even in 
0.25% concentrations significantly increases the ab- 
sorption rate of theophylline from the rat small intes- 
tine. Results obtained previously with 0 and 2% etha- 
nol (Table I) are in agreement with the results ob- 
tained in this study. 


There is a perfect rank-order correlation between 
theophylline intestinal clearance and water net flux 


for the four sets of experiments in the present inves- 
tigation. The results of studies concerning the effect 
of ethanol on the absorption of other drugs and of 
studies concerning the mechanism of the absorption- 
enhancing effect of ethanol and other alcohols will be 
described in subsequent reports. 


(1) R. Koysooko and G. Levy, J. Pharm. Sci., 63,829(1974). 
(2) J. B. Houston and G. Levy, ibid., in press. 
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N O T E S  


Syntheses and Tissue Distribution of ggmTc-Sulfonylureas 


NED D. HEINDEL *x, VICTOR R. RISCH * H. DONALD BURNS *, 
TAKASHI HONDA *, LUTHER W. BRADY i, and MARLYNNE MICALIZZI * 


Abstract Four new tolbutamide analogs were prepared and 
evaluated as hypoglycemics. Hypoglycemic action was observed in 
two members of the class, and 99mTc-chelates were tested as poten- 
tial radiopharmaceutical imaging agents. 


Keyphrases Sulfonylureas-synthesized and screened as hypo- 
glycemics, tissue distribution of wmTc-chelates, potential pancre- 
atic imaging agents Hypoglycemic agents-synthesis and screen- 
ing of sulfonylureas, tissue distribution of 99mTc-chelates 0 Ra- 
diolabeled sulfonylureas-tissue distribution of 99mTc-chelates, 
potential pancreatic imaging agents Pancreatic imaging agents, 
potential-synthesis and tissue distribution of 99mTc-sulfon- 
ylureas 


As part of a study on the development of y-emit- 
ting radiopharmaceuticals for imaging the pancreas, 
several chelates of 99mT~ were synthesized which 
were structural analogs of the pancreatic hypogly- 
cemic, tolbutamide (I). The para-substituted phenyl- 
sulfonylurea moiety (I-VII) has been identified as a 
characteristic structural feature in numerous potent 
hypoglycemics such as tolbutamide (I), chlorpropam- 
ide (11), and carbutamide (111). 


The structure-activity studies in this class have 
been reviewed (1, 2); while some active agents have 
been discovered in which the para-position (R2) is 
varied, the most potent therapeutic agents appear to 
have a methyl a t  this locus. Wide variations in the 
nature of R1 have been investigated, with R2 being 
held constant as methyl, and agents of comparable or 
enhanced potency compared to tolbutamide have 
been uncovered (3). All of these active sulfonylureas 
effect a marked elevation in blood insulin levels in 
both nondiabetic human subjects and other individu- 
als with noninsulin-dependent diabetes (4). 


The fact that depancreatized humans are not sus- 
ceptible to the hypoglycemic activity of tolbutamide 
is interpreted to imply a direct action on the pancre- 
as (5). This view is further supported by the observed 
degranulations of the pancreatic &cells of test ani- 
mals postdosing with sulfonylureas (6), and a general 


0 


pancreatotrophic behavior has been presumed for the 
tolylsulfonylurea moiety (1,2, 7). 


In a search for potential pancreatic delineating ra- 
diopharmaceuticals, Boyd et a1. (8) investigated a ra- 
dioiodinated analog of chlorpropamide ( i .e . ,  I1 but 
with Rz = 1251). No hypoglycemic testing data were 
provided to indicate that the iodopropamide still re- 
tained the activity of its parent model, chlorpropam- 
ide, but &cell degranulation was observed. The sub- 
stitution of iodine (covalent radius = 1.33 A) for chlo- 
rine (covalent radius = 0.99 A) represents a rather 
significant steric modification. As more precise mod- 
els of the p -  tolylsulfonylurea type, synthetic analogs 
modified only at  the less important locus R1 with lig- 
and groups capable of chelating the y-emitting nu- 
clide 99mT~ have been prepared. 


EXPERIMENTAL' 


These candidate radiopharmaceuticals, IV-VI, were prepared by 
the controlled addition of the amino component to p-toluenesul- 
fonyl isocyanate (Scheme I), while saponification of VI yielded 
VII. 


1 -p-Toluenesulfonyl - 3 -(N,N-dimethylaminoethylamino- 
ethy1)urea (1V)-A solution of p-toluenesulfonyl isocyanate (2.0 
g, 0.0101 mole) in dioxane (10 ml) was added slowly (30 min) to a 
solution of N,N-dimethyldiethylenetriamine (1.32 g, 0.01 mole) in 
dioxane (30 ml) a t  room temperature. The resulting solution was 
stirred a t  room temperature for 1 hr, during which time a white 
precipitate formed. The precipitate was collected by filtration, 
washed with ether, and air dried. Recrystallization from anhydrous 
alcohol yielded 2.53 g (76.2%) of white hygroscopic crystals, mp 
179-180': IR (mineral oil): 3490, 3390, 3270 (NH), and 1650 
(C=O) cm-'; NMR (DzO): d 2.30 (s, 3H, ArCHZ), 2.52 [s, 6H, 
N(CH&], 2.86 (m, 8H, NCHz), and 7.46 (m, 4H, ArH). 


H,,C+S02-N=C=0 + H,N-K - 
0 


H:,C-(@oI-NH<--h.H-K II 


IV: K = -(CH2),NH(CH,hLNiCH ji 


VI: R = -CHJ'00C'H2CH, 
1': R = -(CH,h2NHiCH2),NH2 


0 


VII 


Scheme 1 


Proton magnetic resonance (PMR) spectra were obtained on a Perkin- 
Elmer Hitachi R20A spectrometer, and chemical shifts are reported relative 
to tetramethylsilane. IR spectra were obtained on a Perkin-Elmer 257 spec- 
trometer. Microanalyses were performed by Robertson Microanalytical Lab- 
oratory, Florharn Park, N.J. 
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Anal.-cak. for C14H24N403S: C, 51.19; H, 7.36; N, 17.05. 
Found: C, 51.18; H, 7.61; N, 16.82. 


TLC on silica gel2 1B-F, using methanol-water (3:1), gave a sin- 
gle spot, R/ 0.29. 
l-p-Toluenesulfonyl-3-(aminoethylaminoethy1)urea (V)- 


p-Toluenesulfonyl isocyanate (3.0 g, 0.0152 mole) in tetrahydrofu- 
ran (15 ml) was added slowly (30 min) to a solution of diethylene- 
triamine (1.58 g, 0.0156 mole) in tetrahydrofuran (70 ml) a t  room 
temperature. The resulting solution was stirred a t  room tempera- 
ture for 30 min, during which time a white precipitate formed. The 
precipitate was collected by filtration, washed with ether, and 
dried a t  65" in U Q C U O .  Recrystallization from a dioxane-water mix- 
ture yielded 3.32 g (73.1%) of white hygroscopic crystals, mp 135- 
138'; IR (mineral oil): 3350, 3280 (NH), and 1640 (sh) (C=O) 
cm-'; NMR (D20): 6 2.24 (s, 3H, ArCH3), 2.88 (m, 8H, NCHz), and 
7.37 (m, 4H, ArH). 


Anal.-cak. for C12HzoN403S: C, 47.97; H, 6.71. Found: C, 
47.82; H, 6.86. 


TLC on silica gel2 1B-F, using methanol-water (19:1), gave a 
single spot, R/ 0.86. Structure assignment was further supported 
by formation, in 52% yield, of a dihydro-2-imidazolone, mp 196- 
198', from ethanol-water (1:1), generated by treatment of V with 
phosgene in dry benzene; IR (mineral oil): 1700 and 1655 (C=O) 
cm-'. 


Anal.-cak. for C13Hl~N404S: C, 47.84; H, 5.56. Found: C, 
47.78; H, 5.54. 


1-p-Toluenesulfonyl-3-carbetboxymethylurea (V1)-Into 
20 ml of anhydrous tetrahydrofuran was dissolved 6.3 g (0.032 
mole) of p- toluenesulfonyl isocyanate. This mixture was added 
dropwise over 5 min to a solution of ethyl glycinate (3.54 g, 0.0343 
mole) in 50 ml of tetrahydrofuran. during which time the tempera- 
ture rose to 55'. The solution was agitated for 0.5 hr and allowed 
to stand a t  room temperature for 12 hr. Evaporation to dryness 
left a white powder, which was recrystallized from ethanol-water 
to yield 7.2 g (75%) of white needles, mp 170-171'; IR (mineral 
oil): 3110, 3170, 3315 (NH), 1742 (ester C=O), and 1660 (urea 
C=O) cm-'; NMR (dimethyl sulfoxide-ds): 6 1.15 (t, 3H, CHd,  
2.40 (s, 3H, ArCH:d, 3.75 (d, 2H, CHd,  4.05 (q, 2H, CH2), 6.80 (t ,  
lH, NH), and 7.61 (m, 4H, ArH). 


Anal.-Calc. for C12H16N205S: C, 47.98; H, 5.37; N, 9.32. Found: 
C, 48.17; H, 5.62; N, 9.17. 
1-p-Toluenesulfonyl-3-carboxymethylurea (VII1)-Com- 


pound VI (2.0 g, 6.6 mmoles) was refluxed for 1 hr in 10% aqueous 
sodium hydroxide solution. The solution was cooled to room tem- 
perature and acidified with concentrated hydrochloric acid, and a 
white solid separated from solution. This solid was redissolved by 
heating the mixture to 80' with sufficient 95% ethanol added to 
achieve homogeneity. Upon slow cooling to O", white needles (1.7 g 
or 88% of theoretical) were deposited. Upon drying in UQCUO,  these 
needles melted a t  190' with decomposition; IR (mineral oil): 3350, 
3170,3120 (NH and OH), 1730 (acid C=O), and 1680 (urea C=O) 
cm-'; NMR (dimethyl sulfoxide-ds): d 2.40 (s, 3H, ArCH3), 3.68 (d, 
2H, CHp), 6.88 (t ,  lH,  NH), and 7.62 (m, 4H, ArH). The product 
was isolated as a monohydrate. 


Anal.-Calc. for C L O H ~ ~ N ~ O ~ S .  HzO: C, 41.37; H, 4.86; N, 9.65. 
Found: C, 41.40; H, 4.63; N, 9.68. 


BIOLOGICAL EVALUATION3 


For hypoglycemic testing, the candidate agents were adminis- 
tered as single intraperitoneal injections a t  50 mg/kg in methylcel- 
lulose to three Sprague-Dawley rats; the rats were fasted for 24 hr 
prior to dosing. The test animals and four controls were preloaded 
with 1 g/kg of glucose given orally. Blood aliquots were withdrawn 
a t  30-min intervals and analyzed for mg of glucose/100 ml of blood. 
Compound IV displayed hypoglycemic effects and dropped blood 
glucose levels by 34 f 6 mg % a t  30 min and 15 i 1 mg % a t  60 min 
compared to control standards. Compound V gave evidence of 
modest hypoglycemia a t  90 min, but both VI and VII were inac- 
tive. On the basis of these results, IV was selected for technetium 
labeling and for detailed tissue distribution studies. Several ex- 
ploratory runs were also carried out with the 99"Tc-chelate of V. 


Baker-tlex. 
Rat glucose tolerance studies were performed in the Biochemistry De- 


partment of McNeil Laboratories, Fort Washington, Pa., by Dr. G. F. Tutil- 
er. 


Table I-Tissue Distribution of the Sulfonylureas, Percent 
Dose per Gram a n d  S tanda rd  Deviation 
_ _ _ _ _ ~  


15 min  30 min  l h r  Tissue 


L u n g  
Liver  
Spleen 
Kidney 
Pancreas 
Blood 


L u n g  
Liver 
Spleen 
Kidney 
Pancreas  
Blood 


L u n g  
Liver  
Spleen 
Kidney 
Pancrea 
Blood 


S 


Chelate of 99i1iTc and IV 
0.954 f 0.111 0.664 f 0.070 
0.915 f 0 . 0 0 9  0.797 3Z0.081 
0.425 Zk0.023 0.323 Zk0.023 
5.402 f 0.067 6.986 & 0.879 
0.309 f 0.012 0.265 +0 .034  
1.165 3Z 0.060 0.859 3 ~ 0 . 0 3 7  


Chelate of 99r11Tc and V 
0.759 ~ t 0 . 0 2 5  0.560 2C0.057 
0.837 f 0 . 0 0 3  0.690 + 0.001 
0.304 f 0 . 0 0 6  0.232 fO.003 
6.654 I t0 .202  5.907 i 0.482 
0.312 f 0 . 0 1 1  0.199 +0 .003  
0.965 Zk0.002 0.636 i 0.103 


Blank Run" 
1.191 1 0 . 1 4 2  1.072 ItO.008 


0.474 &0 .009  
0.665 & 0.028 
0.237 f 0.010 
6.779 1 0 . 0 1 7  
0.173 f 0.007 
0.600 f 0.074 


0.358 f 0.013 
0.602 f O . 0 0 1  
0.154 f 0,001 
6.142 f 0.013 
0.156 -I 0.010 
0.409 310.010 


0.910 f 0.192 
6.595 f 0.964 6.078 f 1.600 6.114 -I 0.805 
2.438 f 0.144 3.988 f 0.841 2.202 i 1.194 
6.694 f 1 . 4 0 2  6.397 1 0 . 8 1 5  7.179 =k 0.240 
0.484 f O . 3 6 8  0.497 f 0,121 
2.639 f 0.004 1.907 I t0 .073  


0.410 f 0.143 
1.569 3I 0.235 


" Injection dose prepared by stannous chloride reduction of Na*91"Tc04 
with no sulfonylurea ligand present. 


A solution of sodium pertechnetate was eluted from a techne- 
tium generator and reduced by stannous chloride to cationic tech- 
netium and a chelate prepared by the standard method published 
for diamine-type ligands (9). All of the chelates were purified be- 
fore injection by gel filtration chromatography with saline elution. 
In all cases, two radioactive fractions could be eluted from the col- 
umn, the first being the 99mTc-chelate of the tolbutamide analog 
and the second being the unreduced pertechnetate. The latter 
fraction was normally insignificant, reflecting nearly quantitative 
reduction and binding to the candidate radiopharmaceutical lig- 
and. These observations are in accord with those reported by Eck- 
elman et al. (9). 


Purity of the chelate fraction was further verified by paper chro- 
matography" using saline eluant (10). The R/ values obtained for 
the reduced hydrolyzed technetium, pertechnetate, and the 
99mTc-chelate were 0.0, 0.54, and 0.77, respectively. The purity as- 
says for the injected doses employed in the tissue distribution 
studies always indicated a minimum of 95% chelated material by 
the Eckelman-Richards method (10) of counting the separated 
spots on the paper chromatogram. 


Tissue distribution studies were performed on pure inbred Wis- 
tar rats injected U ~ Q  the tail vein with a precalibrated dose of the 
labeled tolbutamide analogs IV or V. A minimum of two and a 
maximum of four animals were dosed and were sacrificed a t  15,30, 
and 60 min postinjection. Immediately after sacrificing, an autopsy 
was performed and the indicated tissues (Table I) were removed, 
dissected from fat and connective tissue, weighed, and placed in 
20.3-cm (8-in.) test tubes. These tissues were counted5, and a per- 
cent dose per gram was calculated by comparison with a standard 
that was counted at the same time as the tissues to correct for ra- 
dioactive decay. Table I indicates the range of values obtained in 
each run. In an effort to optimize pancreatic uptake, several other 
physiologically active agents were administered immediately in ad- 
vance of the labeled candidate radiopharmaceutical. 


DISCUSSION 


As has been observed for several other chelates, the concentra- 
tion in the kidney, even a t  the shortest assay time, was in excess of 
concentrations in other target organs for wmTc-chelates of IV and 
V. Some reports have suggested that chelates are not specific for 
any particular organ but are cleared rapidly from the blood and 
into the kidney by glomerular filtration (11, 12). Since ="Tc-che- 
lates recently were developed for imaging the gallbladder (13), the 


Whatman No.1. 
Baird Atomic automatic well counter. 
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liver (14), amebic abscesses (15), and bone structures (16), this 
suggestion is obviously not a general truism because these chelates 
displayed the tissue specificity of the parent ligand. 


Anatomical considerations dictate that for development of a sat- 
isfactory pancreatic scanning radiopharmaceutical, a suitable dose 
ratio of pancreas to liver be obtained. In the 99mTc-chelates of IV 
and V, pancreas to  liver ratios of 0.35 were observed a t  15 min and 
fell to 0.26 a t  the end of 1 hr. If in uiuo dissociation of the metal 
ion-ligand bond, presumably by exchange of the label onto a more 
strongly complexing native blood protein such as transferrin or by 
exchange of the tolbutamide-like ligand onto a native blood metal 
ion, were occurring, tissue distribution values should be altered by 
preadministration of either another metal ion or another ligating 
group. However, predosing with ion-dextran6 or ethylenedi- 
aminetetraacetic acid calcium salt did not appreciably alter the 
tissue distribution values. Further support for the conclusion that 
the *Tc-chelates were remaining intact in uiuo was obtained 
from a blank run (Table I) in which reduced, unchelated techneti- 
um was administered. As reported previously (17), a different dis- 
tribution favoring liver uptake, by hydrolyzed, reduced tech- 
netium, was observed. 


Coadministration of the injectable diuretic furosemide7 did not 
alter the rapid kidney uptake nor the pancreas to liver ratio, but 
the anticholinergic, morphine sulfate (0.2 mg/kg iv), often em- 
ployed in such studies (18, 19), did slightly enhance the ratio to  
0.61 for 99mTc-V after 30 min. The low percent dose values in the 
pancreas and the diminished pancreas to liver ratio may reflect the 
fact that  the &cells, the site of action of sulfonylurea hypoglycem- 
ics (1, 2). constitute only 1-2% of the pancreas weight. In islet cell 
neoplasms, the 0-cells represent a much higher fraction of pancre- 
as weight (20); studies are now underway to visualize such tumors 
in hamsters. 
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These observations indicate that the major portion of the resis- 
tance segments were retained after the dissection process. 


Responsiveness to intraarterially injected catecholamines was in 
the same general range as reported for similar preparations (2,6). 
The potency ratio between epinephrine and levarterenol of 2.75 
(1.95-4.75) agrees closely with that reported by Rogers et al. (2) of 
2.61 (1.563.66). 


This isolated artery preparation can provide a useful method of 
testing vasoconstrictor responses to catecholamines. The arteries 
may be perfused while hanging in air or submerged in bath fluid in 
recirculating or nonrecirculating systems. They also may be stored 
at least overnight in refrigerated Krebs solution without loss of re- 
sponsiveness to levarterenol, epinephrine, or potassium ion (7). 
Therefore, it seems to provide one simple alternative to vascular 
strips or conduit vessels in studies of vascular smooth muscle. 
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N-  Substituted Indanamines as Potential 
Hypoglycemic Agents 


SAMIR Ch. LAHIRI’, JAYANTA K. GUPTA, and ANINDYA K. MONDAL 


Abstract 0 A number of indanamines substituted at the terminal 
amino nitrogen with various aliphatic, alicyclic, heterocyclic, and 
aromatic ring systems were synthesized and screened for hypogly- 
cemic activity. None was found to possess significant activity com- 
pared to tolbutamide. 


Keyphrases 0 Indanamines, N-  substituted-synthesized and 
screened as hypoglycemic agents 0 Hypoglycemic agents, poten- 
tial-synthesis and screening of N-  substituted indanamines 


Hypoglycemic activity was reported among differ- 
ent types of indanamines (1-4). It was also observed 
that n- butylpyrrolidine alone possesses appreciable 
hypoglycemic activity but was extremely toxic (1). 
Furthermore, it is well known that among the sulfon- 
ylureas, various alicyclic, heterocyclic, and aromatic 
ring substitutions at  the terminal urea nitrogen atom 
had a beneficial effect (5-8). 


Therefore, attempts were made to incorporate var- 
ious such ring systems at  the terminal amino nitrogen 
atom of the indanamine ring moiety and to observe 
the effect on hypoglycemic activity. All of these com- 
pounds were prepared by following a reported proce- 
dure (1-4). Unlike the previous work, both the am- 
ides and the corresponding amine hydrochloride salts 


were used for the pharmacological evaluation of hy- 
poglycemic activity. 


EXPERIMENTAL’ 


Indan-N-substituted Carboxamides (Ia and I1a)-These 
compounds were prepared from indan-1-carboxylic acid (9, 10) (1 
mole) and indan-1-acetic acid (11) (1 mole) via the acid chloride 
intermediate (3) by reaction with the corresponding primary or 
secondary bases (1.5 moles) in the presence of 10% NaOH solution. 
The amides were either extracted with a suitable solvent or ob- 
tained as a crystalline solid, which was subsequently purified by 
crystallization from suitable solvents. The physical properties, 
analyses, and hypoglycemic activity of all amides, synthesized are 
given in Table I. 


N-Substituted Indanamines (I and 11)-The amides (1 mole) 
so prepared were reduced by lithium aluminum hydride reduction 
(1.5 moles) in absolute ether. The excess lithium aluminum hy- 
dride was decomposed with calculated amounts of 3% NaOH solu- 
tion and filtered. The filtrate was extracted with cold 2 N HCl 
until it was free from amine. The aqueous layer was basified and 
extracted with ether, washed, dried, and distilled under reduced 
pressure. 


The amines were characterized as their hydrochloride salts, and 
these hydrochloride salts were used for hypoglycemic screening. 
The analyses, physical properties, and hypoglycemic activity of the 
amines are given in Table I. 


* All melting points were determined in a Gallenkamp apparatus and are 
corrected. Boiling points are uncorrected. 
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Pharmacology-Eight normal healthy male rabbits, 1.S2.0 kg, 
were used for hypoglycemic screening. The animals were fasted for 
18 hr; after the fasting Venus blood was taken, the compounds were 
given at a dose of 100 mghg either in aqueous solution or as a 0.5% 
carboxymethylcellulose suspension through a stomach tube. 


Blood glucose concentration was followed after dosing at 3-hr in- 
tervals up to 24 hr. The blood glucose estimation was carried out 
by the method of Hagedorn and Jensen (12). The peak fall of 
blood glucose concentration was observed between the 9th and 
12th hr. 


DISCUSSION AND CONCLUSION 


The authors previously reported hypoglycemic activity among 
indanamines (1-4) and since then have searched for a more potent 
compound in this series by incorporating various substituents a t  
the terminal amino nitrogen of the indanamine ring moiety. 
Among the compounds shown in Table I, Compounds 3, 15, 18, 
and 19 possessed appreciable activity in normal intact rabbits. 
These compounds were further screened on alloxan-induced (13) 
diabetic rabbits (Table I). 


From the results of screening, it is evident that any substitution 
at the amino nitrogen is not beneficial for activity. Heterocyclic 
ring substitution is slightly better than alicyclic and aromatic ring 
substitution, but the activity is not of the order of tolbutamide to 
warrant further investigation in the hypoglycemic field. Effect of 
pyrrolidine ring substitution is not as spectacular as in the case of 
n- butylpyrrolidine itself. The activity pattern and duration of ac- 
tivity of all these compounds are very similar. They all showed 
peak hypoglycemic activity between 9 and 12 hr, indicating that 
they probably first undergo some biotransformation to an active 
metabolite whose elimination pattern is also very similar. 


Some compounds were screened for in uitro epinephrine biosyn- 
thesis inhibitory activity and antianginal and antiviral activity, 
but none was found to possess significant activity in any of these 
areas except Compound 18. Compound 18 was reported to possess 
some bradycardic activity and marked attenuation of peak after 
isoproterenol administration and hence was designated as a 6- 
blocker. 
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INTRODUCTION 


A drug may be defined as an agent used in the di- 
agnosis, cure, mitigation, treatment, or prevention of 
disease in humans or animals. Included in this cate- 
gory are articles (other than food) used to affect the 
structure or any function of the body of humans or 
animals. This definition distinguishes a drug from a 
chemical. A drug that contains a radioactive nuclide 
in the molecule is known as a radiopharmaceutical, 
and several dozens of these are useful clinical agents. 


At  the present time, there are no drugs on the mar- 
ket that contain deuterium in the molecule or, for 
that matter, are enriched in any other stable isotope. 
Numerous deuterated drugs have been obtained by 
organic synthesis or by biosynthesis. Several of these 
substances are completely deuterated, some are high- 
ly deuterated, and others are partially deuterated, 
but the majority are deuterated only in specific mo- 
lecular positions. 


Deuterated drugs have proved useful in studying 
isotope effects, in permitting a better understanding 
of the mechanism of drug action, and in elucidating 
metabolic and biosynthetic pathways. Some are sim- 
ply laboratory curiosities awaiting future study. 
Heavy water (2H20) itself has been examined for 
therapeutic applications. This review is concerned 
with the laboratory application of both heavy water 
and deuterated drugs. 
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Table I-Comparison of Some Physical Properties of Water 
and Deuterium Oxidea 


Property 


Deute- 
rium 


Water Oxide 


Melting point 
Boiling point 
Density, d4z0, g/ml 
Temperature of maximum density 
Viscosity, centipoise, 20' 
Surface tension, dynes/cm, 25 O 


Dielectric constant, 25" 
Heat of formation, cal/mole, 


Free energy of formation, cal/ 


Entropy, eu/mole, liquid 
Heat of fusion, cal/mole 
Heat of vaporization, cal/mole, 


Zero-point energy, cal/mole 


liquid 


mole, liquid 


25 O 


0.00" 
100.000 
0.9982 
3 . 9 8 "  
1.005 
71.97 
78.54 
- 68,320 


-56,690 


16.75 
1,436 
10,515 


13,219 


3.81' 
101.72' 
1.1056 
11.23" 
1 . 2 5  
71 .93  
78 .93  
-70,410 


-58,200 


18 .19  
1,515 
10,846 


9 ,664  
~~ 


a See Ref. 16. 


Biological Effects of Deuterium-Deuterium 
(2H, D) is the rare, stable heavy isotope of hydrogen 
(lH). It was discovered (1, 2) in 1932 and was isolated 
in a high state of purity (3) shortly thereafter. Deute- 
rium occurs in nature to the extent of about 1 part in 
6400 and is obtained primarily by isolation of deute- 
rium oxide from ordinary water; its concentration 
ranges from 0.0156% in sea water to 0.0139% in fresh 
water. Heavy water is the simplest deuterium-con- 
taining compound and differs from ordinary water in 
many of its properties (Table I). It can be reasonably 
expected that the mass differences associated with 
the replacement of deuterium by hydrogen in a mole- 
cule will distinctly affect its physical and chemical 
properties. Such mass differences can also be expect- 
ed to produce changes in the biological behavior of 
deuterium compounds. 


Extensive deuterium isotope studies were preclud- 
ed in the 1930's and early 1940's because of the great 
scarcity of heavy water. Since heavy water is very 
suitable as a moderator in certain types of nuclear re- 
actors, efficient methods have been developed to iso- 
late heavy water from natural sources. Hence, deute- 
rium (as heavy water) has become a tonnage, high 
purity, industrial chemical available a t  low to moder- 
ate cost. The ready availability of heavy water to the 
scientific community as a result of advances in nucle- 
ar technology has resulted in a burgeoning interest in 
the biological effects of deuterium. 


The biological implications of deuterium substitu- 
tion were recognized almost immediately after its dis- 
covery. It soon became apparent that extensive re- 
placement of hydrogen by deuterium in biological 
systems could produce deleterious effects. The early 
literature for 1932-1950 has been reviewed thorough- 
ly (4). Much of the early work, however, is contradic- 
tory and of questionable value, primarily because of 
poor experimental design forced by inadequate and 
impure supplies of heavy water and because of the 
absence of suitable analytical techniques for measur- 
ing accurately the deuterium content of biological 
systems. 


A conference under the auspices of the New York 


Academy of Sciences in 1960 (5) did much to  revive 
and stimulate interest in studies on the biological ef- 
fects of deuterium. Many of the relevant papers in 
that monograph will be referred to later in this re- 
view. In the same year, Katz published reports (6, 7) 
that summarized both the early studies in this field 
and also included new research undertaken during 
the 1950's, primarily a t  Argonne National Laborato- 
ry * 


The physiological effects of deuterium were the 
subject of a comprehensive monograph (8) in 1963. 
Flaumenhaft et al. (9) reviewed the biological effects 
of deuterium and focused their comments on isotope 
effects on the cellular level. They noted specifically 
the isotope effects on the growth of microorganisms 
and higher plants in deuterated media and the cytol- 
ogy of deuterated cells. 


Katz, Crespi, Blake, and coworkers (10-15) pub- 
lished a series of articles covering various aspects of 
deuterium isotope effect studies, with special empha- 
sis on applications related to problems of a chemical 
and biochemical nature. The culturing of various mi- 
croorganisms in deuterated media, the effect of deu- 
teration on the stability of certain proteins and nu- 
cleic acids, and isotope effects in the metabolism of 
deuterated glucose and mannose by ascites tumor 
cells were reviewed (10). 


Another review (11) covered the effect of deuteri- 
um substitution on the conformation of certain bio- 
polymers and deuterium isotope effects in carbohy- 
drate metabolism and in the potentiation of tumor 
chemotherapy. A third paper (12) described the culti- 
vation of deuterated organisms and their utilization 
as a practical source of 2H and 1H-2H compounds 
that are very useful for PMR spectroscopy of bio- 
polymers; i t  also described the utility of deuterated 
organisms for following the path of hydrogen in living 
organisms. 


In 1965, Katz (13) presented a comprehensive re- 
view of deuterium isotope effects on living organisms 
and biopolymers and illustrated the power of these 
methods by a discussion of biogenesis of chlorophyll. 
In a more recent review, the application of NMR 
studies to the biosynthesis of the important plant 
constituents bacteriochlorophyll, chlorophylls a and 
b, and the clavine alkaloids was discussed (14). The 
most recent and perhaps the most comprehensive re- 
view of deuterium isotope effects on biological sys- 
tems was published in 1971 (15). In the present re- 
view, principal emphasis will be directed to deuterat- 
ed drugs and their application. 


Deuterium Isotope Effects-The basis for the 
frequently profound chemical and biological conse- 
quences of deuteration merits some discussion. The 
kinetic isotope effect on the rates of chemical reac- 
tion resulting from substitution of deuterium for hy- 
drogen, which must certainly be implicated in the bi- 
ological effects of deuterium, has received thorough 
theoretical treatment (16-20). The difference in mass 
between deuterium and hydrogen causes the vibra- 
tional frequencies of carbon, oxygen, and nitrogen 
bonds to deuterium to have lower frequencies than 
corresponding bonds to hydrogen. As a result, the 
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chemical bonds involving 2H will generally be more 
stable than those of 'H. 


It has been calculated that the zero-point energy 
(lowest ground-state vibrational level) for many 
bonds to deuterium is about 1.2-1.5 kcal/mole small- 
er than for bonds to  hydrogen. The zero-point energy 
of a bond undergoing chemical reaction reflects the 
ease with which the molecule is activated from a 
ground state to the transition state required for bond 
scission to occur. The more stable deuterium bond 
requires a greater energy of activation to achieve the 
transition state; as a consequence, the rate of reaction 
involving a bond to deuterium is generally slower 
than that involving a bond to hydrogen. Thus, substi- 
tution of deuterium for hydrogen in a chemical bond 
can affect significantly the rate of bond cleavage and 
exert marked effects on the relative rates of chemical 
reactions. 


Large isotope effects on reaction rates are apparent 
where cleavage involves a bond to deuterium at  the 
reaction site. In such instances the effect is referred 
to as a primary isotope effect and is usually expressed 
in terms of the ratio of the specific rate constants 
k H I ~ D .  Bigeleisen (21) calculated the maximum pos- 
sible ratios in specific rate constants for a number of 
stable and radioactive isotopes (Table 11). Wiberg 
(17) calculated that a t  25' the maximum positive pri- 
mary kinetic isotope effect that can be expected in a 
chemical reaction involving the breaking of bonds to  
hydrogen is in the range of 7-10 for C-H, N-H, 
and 0-H uersus C-D, N-D, and 0-D, respec- 
tively. For a number of reasons, these maximum ra- 
tios are not realized; more generally, values of k ~ / l z ~  
are in the range of 2-5. 


An observable isotope effect will only be apparent, 
of course, where the breaking of a C-H or C-D 
bond is involved in the rate-determining step. In cer- 
tain acid-base-catalyzed reactions, depending on the 
mechanism, an inverse isotope effect may take place 
(22). The pronounced effects on rates of chemical 
reactions make deuterium isotope studies a particu- 
larly useful tool for elucidating the mechanisms of 
many reactions of biochemical significance (8). 


Deuterium atoms in nonexchangeable positions lo- 
cated near, but not at, the reaction center can give 
rise to secondary isotope effects. While deuterium 
secondary isotope effects are real and measurable, 
they are usually much smaller than primary isotope 
effects. Belleau (23) indicated that the k ~ / k ~  for sec- 
ondary isotope effects falls in the range of 1.05-1.25. 
Secondary isotope effects, although small, may be 
important in biological systems sensitive to kinetic 
effects. The physical organic chemist also makes a 
distinction between solvent isotope effects, where 
only the isotopic composition of the medium has 
been altered, and primary and secondary isotope ef- 
fects resulting from the replacement of hydrogen by 
deuterium in carbon to hydrogen bonds of organic 
compounds. 


A recent review article (15) pointed out that in liv- 
ing organisms and in many biochemical and physio- 
logical systems the distinction between solvent and 
primary and secondary isotope effects is not always 


Table 11-Estimated Maximum Possible Rate Constant 
Ratios at 25" for Various Stable Isotopes 


Natural Rate 
Abundance Heavy Ratio-, 


Isotope Isotope k i / h  


'H 2H 18 
'H 3H 60 


'3C 
1 4 C  


"N 
1 8 0  


3 5 s  


1 .25  
1 . 5  
1 .14  
1 .19  
1 .05  


Rate constant for the light isotope is the numerator. 


clear. Isotope effects produced by hydrogen atoms 
that exchange very slowly (if, in fact, they exchange 
at  all) with water, as is the case for most carbon-hy- 
drogen bonds, must be distinguished from those in 
which exchange occurs very rapidly, as is generally 
the case for hydrogen atoms bonded to oxygen, sul- 
fur, or nitrogen. Compounds occurring in biological 
systems will generally have both types of exchange- 
able hydrogen present. If the isotopic composition of 
the solvent is altered, this will effect a corresponding 
change in the isotopic composition of the exchange- 
able hydrogen in the solute molecules. In living sys- 
tems, therefore, solvent isotope effects include con- 
tributions from both primary and secondary isotope 
effects. 


The compositional or constitutional isotope effects 
have been defined (15) as those arising from alter- 
ations in the isotopic composition of the nonex- 
changeable hydrogens in the molecule in which all 
hydrogen sites in nonexchangeable positions are oc- 
cupied by deuterium. Hybrid constitutional deuteri- 
um isotope effects occur when both hydrogen and 
deuterium are present in nonexchangeable positions. 
When the isotopic composition of living organisms is 
changed, as when animals are administered deuteri- 
um oxide in the drinking water, the initial effects of 
deuteration are attributable primarily to a solvent 
isotope effect. When the deuterium oxide enters the 
metabolic processes of the organism and is used for 
the biosynthesis of compounds containing both hy- 
drogen and deuterium, then, in addition to a solvent 
isotope effect, hybrid constitutional isotope effects 
are induced. 


Finally, in an organism grown in an environment of 
deuterium free of any hydrogen, constitutional iso- 
tope effects become predominant. In the deuteration 
of living organisms, both water and deuterium oxide 
are usually present and hybrid isotope effects are 
most prominent. These hybrid isotope effects are 
most commonly encountered in living organisms 
subjected to partial deuteration and are the most dif- 
ficult isotope effects to interpret at the molecular 
level. 


General Toxicity of Deuterium Oxide-Since 
deuterium oxide resembles ordinary water so closely, 
it is natural to speculate on the effects of this appar- 
ently small difference in chemical composition on the 
toxicological properties of the molecule. Concern over 
the toxicity of heavy water to living organisms was 
first expressed (24) soon after its discovery. A mouse 
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fed the equivalent of about 1 g of pure heavy water 
over a 3-hr period survived the ordeal but showed 
definite signs of intoxication. Lewis (24) noted that: 
“The more he [the mouse] drank of the heavy water 
the thirstier he became.” Unfortunately, the experi- 
ment had to be terminated because the limited sup- 
ply of heavy water was exhausted. 


An extensive series of studies an the physiological 
effects of deuterium oxide in mice was next conduct- 
ed over a 5-year period starting in 1934 (25). The 
acute lethal dose for deuterium oxide in mice was 5-7 
m1/10 g of body weight. This amount was observed to 
be the lethal dose even when the deuterium oxide 
was administered as a 50% solution in water. When 
“concentrated” heavy water was administered orally, 
a crisis was reached on about the 5th day, at which 
time the body water became about one-third replaced 
by deuterium oxide and death generally occurred 
around the 7th day. However, a mouse ingesting 40% 
D20 in its drinking water for a 2-month period 
showed no apparent ill effects other than retarded 
weight gain; mice whose body fluids reached 20% 
deuteration showed no noticeable harmful effects 
when the heavy water was removed from the diet. 


Barbour and Trace (26) fed mice pure (99.5%) deu- 
terium oxide at  a dosage rate of 1 m1/10 g of body 
weight/day. This intake generally proved fatal in 7 
days, a t  which time the mice were deuterated to the 
extent of 40-50%l. Death in these mice was preceded 
by a characteristic sequence of toxic manifestations. 


More recently, Thomson (8) thoroughly reviewed 
the literature dealing with the physiological and toxi- 
cological effects of deuterium oxide in mammals. 
Katz (7) reported that mice and rats cannot long sur- 
vive replacement of more than one-third of their 
body water by deuterium oxide. At the 20% replace- 
ment level, rats become hyperexcitable and more ag- 
gressive than normal; when the plasma levels ap- 
proach 30% DZO, rats frequently convulse when han- 
dled. When the body fluids are a t  the 35% deutera- 
tion level, death generally results. Thomson (27) also 
observed that rats drinking deuterium oxide died 
when about one-third of their body water was re- 
placed by deuterium oxide. He concluded that the 
toxic effects were attributable to the summation of a 
multitude of small changes affecting the rates of en- 
zymatic reactions in the body. 


Czajka and Finkel (28) maintained mice on 25% 
D2O in the drinking water for up to 280 days without 
adverse effect on body weight or longevity. In these 
mice, ingestion of 25% D2O caused incorporation in 
the body fluids of about 18-20% deuterium. When 
the deuterium content of the drinking water was 
raised to the 2530% level, fetal viability ceased. Katz 
et al. (29) found that the median survival times for 
mice deuterated to different deuterium levels ranged 
from 60 days for mice drinking 40% D20 to 12 days 
for mice drinking 75% D2O. Differences in survival 
time were related to the rates a t  which deuteration 


Percent deuterium oxide throughout this paper refers to atom percent D 
in the aqueous fluid. A mixture of water and deuterium oxide is related by a 
mobile equilibrium: HzO + D20 == 2 HOD. 
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reached toxic levels and not to differences in deuteri- 
um levels per se. Most animals died when the body 
tissue fluid concentration rose to between 30 and 40% 


Czajka et al. (30) studied the toxic manifestations 
of deuterium in two dogs. One beagle was maintained 
at 20% D20 in the body fluids for 50 days, and the 
other was maintained at the toxic range of 33-35% for 
a brief period. Deuteration was effected by replace- 
ment of ordinary water with deuterium oxide in the 
food and drink. These dogs (approximately 10 kg) 
appear to be the largest animals subjected to exten- 
sive deuteration. A 30% concentration in the blood 
plasma appears to be close to the acute danger level 
for dogs, as it is for mice and rats. Thus, in intact 
mammals the magnitude of deuterium effect appears 
on the whole to be quite independent of the size of 
the organism. 


In one report (31) on humans, no ill effects were 
noted over 4 months when the body water was re- 
placed with deuterium oxide to the extent of 0.5%. In 
mammals i t  appears that up to 15% deuterium can be 
tolerated, but severe toxic effects and possibly death 
may result at the 30% level and higher. Although 
toxic effects appear to correlate with the overall level 
of deuteration, deuterium probably elicits harmful 
effects in subtle ways even in low concentration. 


Incorporation in viuo of small amounts of deuteri- 
um into sensitive molecules such as enzymes, nucleic 
acids, and similar important substances possibly 
could have serious consequences. Knapp and Gaffney 
(32) pointed out that the small amounts of stable iso- 
topes involved in labeling experiments probably 
would not cause harmful effects. Nevertheless, they 
cautioned that it would be wise to label the molecules 
in molecular positions that are metabolically stable 
to minimize the extent of distribution throughout the 
body. The possible toxicity of stable isotopes at  low 
concentrations clearly merits further study. 


The ultimate cause of death from deuteration is 
not clear. Numerous disturbances are observed in- 
cluding renal function impairment, central nervous 
system (CNS) disturbances, cardiac involvement, en- 
zymic interferences, hormonal imbalances, and glu- 
cose metabolism disturbances. All of these factors 
seem to be involved in the death of the animal, and 
no single factor appears to be the principal cause of 
death. Only a few studies have been directed toward 
finding ways to increase the tolerance of animals to 
the ravages of high concentrations of deuterium 
oxide in the body fluids. An extensive study (33) was 
conducted in which a number of hormones, vitamins, 
and vitamin mixtures were examined for possible 
beneficial effects on the ability of mice to survive 
toxic levels of deuteration. The mice were adminis- 
tered daily injections of hormones, vitamins, or vita- 
min mixtures while being maintained on 50 or 75% 
D20 in the drinking water, but the improvement in 
survival was marginal a t  best. 


Notwithstanding the damaging effects imposed on 
animals from high levels of deuteration, deuterium 
oxide must nevertheless be considered a remarkably 
nontoxic substance. Few, if any, components of the 
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body can be replaced to anywhere the same extent as 
can water by deuterium oxide without the gravest 
consequences. 


Pharmacological and Biological Effects of 
Deuterium Oxide-Morowitz and Brown (4) re- 
viewed the early physiological studies in this area, 
and Thomson (8) prepared a comprehensive summa- 
ry of the literature up to the year 1963. 


Heavy water is readily absorbed from the GI tract 
and rapidly equilibrates with the body fluids. There 
appears to be no selective excretion of heavy water by 
the kidney. Pure (99.8 atom% D) heavy water has 
a taste not too different from distilled water or deaer- 
ated water. It is readily administered to animals in 
their drinking water, and its palatability may be en- 
hanced by addition of traces of sodium chloride. 
Smith (34) suggested that mice are capable of discri- 
minating between deuterium oxide and water, and he 
attributed this ability to the formation of the more 
stable deuterium-oxygen bonds which may be in- 
volved in the interaction between the water molecule 
and “a gustatory receptor site.” This study was later 
challenged (35), since the data were based on only 
two mice (litter mates)2. 


By the selection of the appropriate deuterium 
oxide concentration in the drinking water, the equi- 
librium deuterium oxide concentration in the body 
fluids can be readily controlled. The course of deu- 
teration has been intensively studied in mice (26, 29, 
36) and rats (27). Figure 1 illustrates the-rate of deu- 
teration (as reflected by the deuterium content of the 
urine) as a function of time when varying concentra- 
tions of heavy water were administered to mice in 
their drinking water. An equilibrium state in the 
body fluids was reached by about the 10th day. With 
low concentrations of heavy water in the drinking 
water, the deuterium level in urine reached about 
90% that of the ingested water. Where the deuterium 
oxide content of the drinking water was in the 20- 
50% range, equilibrium urine values were approached 
more slowly and were only 7040% that of the drink- 
ing water. Dilution was due primarily to the fact that 
the food administered to the animal was of ordinary 
isotopic composition. Similar results are obtained 
when the course of deuteration is assessed in terms of 
the deuterium content of the blood serum. 


Both mice and rats react similarly to the effects of 
deuterium ingestion. When the deuterium content of 
blood serum approaches 20%, signs of hyperirritabil- 
ity are observed and the mice show a tendency to 
convulse. Their coats become rough and they tend to 
lose weight rapidly. If the deuterium level is raised to 
still higher levels, the animals show a pilomotor re- 
sponse and become stuporous, the body temperature 
drops markedly, and death may occur in a short time. 
Thomson (27) noted that replacement of the body 
water by 15% DzO resulted in signs of hyperactivity 
in rats. A t  the 20-25% replacement level, they be- 
came hyperexcitable and tended to convulse when 
stimulated. The animals ceased to groom themselves, 


In our experience, mice accustomed to drinking chlorinated water tend 
to discriminate against deuterium oxide. 
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Figure 1-Course of body fluid deuteration of mice drinking 
deuterium oxide of various concentrations. K e y :  I ,  30% D20; 
II,25% DzO; and III ,15% D 2 0 .  Each point represents a mean 
of from five to 22 determinations. (Reprinted, with permission, 
from Ref .  36.) 


ulcers were noted on their paws, and their tails 
showed signs of necrosis. A t  the 30% deuterium level, 
the rats became comatose and refused food; there was 
a precipitous loss in weight, followed by death due to 
respiratory depression. 


Katz et al. (29) found that in mice the brain incor- 
porates deuterium at a slower rate than do the kid- 
neys, liver, and spleen. Lower deuterium incorpora- 
tion into the brain is probably due to the high lipid 
content of the brain with its large amount of nonex- 
changeable hydrogen. Incorporation of deuterium 
proceeds principally by biosynthesis. The rate at  
which deuterium is eliminated from the body fluids 
when deuterium oxide is withdrawn from the body 
was also studied. The deuterium level of the urine fell 
rapidly, although appreciable amounts were still de- 
tectable after 7 days of withdrawal. 


The effects of extensive deuteration on the inter- 
nal organs of mice and rats were detailed (29, 36), 
and the effects of deuteration on liver enzyme activi- 
ty,  kidney function, blood constituents, and enzyme 
systems in rats were discussed (27). Rabinowitz et al. 
(37) studied the effects of heavy water ingestion on 
hepatic lipogenesis. The physiological effect of exten- 
sive deuteration on specific organs and body func- 
tions in mice and rats was considered (26,38). 


The physiological consequences of deuteration in 
two dogs were described (30). (This study was re- 
ferred to earlier.) Particular attention was paid to al- 
terations in the blood picture and the ECG. Although 
the two dogs were maintained in a highly deuterated 
state under different conditions, the changes pro- 
duced were the same in both dogs. The effects on the 
blood picture were consistent with those reported in 
mice (37,39). 


Bachner et al. (40) studied the pathological effects 
of deuteration in mice drinking 75% DzO. Renal tu- 
bular damage was observed as well as destructive 
changes in the salivary gland ducts. Zunker and 
McKay (41) also reported kidney damage in mice 
drinking 75% D20. Serious pathological changes were 
observed in the kidney structure of deuterated mice 
(42). Thomson (8) reviewed in detail the literature 
concerning the effects of deuteration on histological 
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changes, on blood and plasma constituents, and on 
enzyme systems in mammals. 


One significant effect of deuteration in mice is on 
reproductive capacity. Several studies indicated that 
drinking heavy water produces sterility in mice (43- 
45). A decrease in litter size and a decrease in the 
percent of fertile matings were noted when deuterat- 
ed males were mated with untreated females. Almost 
complete sterility was produced in male mice who 
drank 30% D20 for 6 weeks. Sterile matings resulted 
from male mice who were returned to ordinary water 
for a t  least 2 weeks after a period of deuteration with 
30% D20. A high incidence of degenerating eggs was 
found when male mice that were on heavy water for 7 
weeks and then were returned to ordinary water for 2 
weeks were mated with untreated females. These re- 
searchers suggested that when deuterium is substi- 
tuted for hydrogen, changes are produced in the 
physical forces that bind macromolecules and that 
these changes may produce an abnormal genetic ma- 
terial in developing sperm which causes fertilized 
eggs to degenerate. 


Gross and Spindel (46, 47) described in detail the 
antimitotic activity of deuterium oxide. They attrib- 
uted abnormalities in the cell division process to vis- 
cosity changes caused by changes in the hydrogen 
bonding properties of deuterated biopolymers. Be- 
cause heavy water has a pronounced effect on cell di- 
vision in most organisms, it is not unexpected for 
rapidly dividing tissues in animals, particularly the 
reproductive tissues, to be adversely affected by deu- 
terium oxide. 


Czajka and Finkel (28) investigated the effect of 
administration of 25% D20 in drinking water on the 
reproductive potential of female mice. Deuteration of 
the mice was instituted at  various times before and 
after mating to obtain data on the effects on preg- 
nancy and viability of the newborn. Fewer pregnan- 
cies were carried to term in deuterated animals, and 
there was a marked increase in the incidence of whol- 
ly nonviable litters along with a decrease in the sur- 
vival of newborn mice. The ability of female mice to 
carry through a normal pregnancy and bear viable 
offsprings was definitely impaired by deuterium. The 
greatest reduction in fetal viability occurred when 
the dams were substantially deuterated at  the time of 
fetus implantation (about the 5th day after mating). 
Fetal viability ceased when the deuterium oxide con- 
tent of the drinking water exceeded 30%. These un- 
toward effects on reproductive potential were re- 
versed when the female mice were returned to ordi- 
nary drinking water. 


It was noted that spermatogenesis was essentially 
normal in deuterated male mice, suggesting that the 
genetic material in the partially deuterated sperm 
may be abnormal (48). In another study, prolonged 
deuteration of mice led to total aspermia, accompa- 
nied by the formation of multinucleate giant cells in 
the testes (49). Hughes and Glass (50) pointed out 
that the inability of deuterated male mice to produce 
viable offsprings was due to the failure of the sperm 
to fertilize the egg and not to the failure of the fertil- 
ized egg to develop. The fetuses of deuterated mice 


were studied, and it was observed that major distur- 
bances occurred in the development of the nervous 
system (51). The extreme complexity of the effects of 
deuteration on reproduction was emphasized. 


Deuteration in mice at a gradual rate of increase 
up to one-fifth saturation of the body fluids produced 
an elevation in body temperature of about lo, con- 
comitant with an increase in the metabolic rate of 
about 20% above normal (52). In an earlier study, 
Barbour (53) noted a lowering of the basal metabo- 
lism rate in mice injected subcutaneously with 99% 
DzO. Increased levels of deuterium oxide in the body 
fluids of mice were shown to produce a decrease in 
metabolic rate and body temperature (26). With a 
dose of pure deuterium oxide (1.5 m1/10 g of mouse 
body weight), the temperature of the animals began 
to fall on the 1st day. With all doses of 50% D20, the 
temperature fall was delayed; with 40% DzO, the 
temperature did not begin to fall until the 13th day. 
A fall in metabolism rate also occurred simultaneous- 
ly with the fall in temperature. 


The effect of heavy water on the heart rate was 
studied (54). The frequency of pulsation of the ex- 
cised heart of the frog was slowed in 20% heavy 
water. The effect of heavy water was similar to that 
produced by lowering the temperature. This effect 
was confirmed in a study of ECG changes (55). 
Barnes and Warren (56) also studied the effects of 
high deuterium oxide concentrations on the auricles 
of the turtle heart. They found that 75% heavy water 
lessened the amplitude of the auricular beat. Accord- 
ing to these investigators, the effect of heavy water 
was equivalent to lowering the body temperature 
about 5". 


Szczesniak et al. (57) determined whether exter- 
nally applied water can penetrate mammalian skin. 
Young male rats were immersed for 6-7 hr in 40% 
heavy water maintained at  a temperature of 35". 
Blood samples drawn from the pumping heart were 
analyzed for deuterium content. The analytical data 
provided evidence that heavy water did penetrate the 
skin and entered systemic circulation. 


The effect of deuterium oxide on wound healing in 
rats drinking 25% heavy water was studied (58). In 
these rats the equilibrium deuterium content in the 
body fluids was 15% deuterium. Skin incisions were 
made in the abdominal wall, and the effect of deut- 
eration on the healing process was studied. The 
breaking strength of the wounds after 27 and 47 days 
of healing was about 40% less in the deuterated ani- 
mals than in the controls. Cellular population and 
ground substance were similar in the incisions of 
both groups. The wounds in the deuterated rats 
healed abnormally in comparison to the control ani- 
mals. It was concluded that the untoward effects of 
deuterium oxide on wound healing were due primari- 
ly to the solvation effects of deuterium oxide on de- 
veloping collagen and that direct incorporation of 
deuterium into the collagen macromolecule is of 
minor importance. 


Classification of Deuterated Drugs-The num- 
ber of drugs that have been deuterated has been in- 
creasing rapidly. These include compounds contain- 
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ing a single deuterium atom in a specific molecular 
position and drugs that are fully deuterated, pre- 
pared either by biosynthesis or organic synthesis. At- 
tention has generally been directed to the prepara- 
tion of the deuterated drug molecule, but the synthe- 
sis of intermediate compounds utilized ultimately in 
the synthesis of a drug has been the object of some 
research. 


The drugs covered in this review are categorized 
for convenience and the discussion is not based on a 
strict pharmacological or chemical system. We have 
made a serious attempt to include all relevant mate- 
rial and apologize for any inadvertent omissions. 


HEAVY WATER AS A DRUG 


Heavy Water as a Carcinolytic Agent-Deuteri- 
um oxide as an agent for controlling tumor growth 
was one of the earliest therapeutic applications of 
heavy water to be explored. Because deuteration af- 
fects the kinetics of cellular reactions, the conse- 
quences of deuteration are more severe the higher the 
level of metabolic activity. Embryonic tissue and 
neoplastic tissue are mainly rapidly proliferating 
tissues and thus should be particularly susceptible to  
the inhibitory action of deuterium oxide on cell divi- 
sion (36). The hope is that the detrimental effects of 
deuterium to tumor growth are more severe than the 
other consequences to the host. 


In 1936, Fischer (59) noted that mouse carcinoma 
cells and fowl sarcoma cells in tissue cultures were 
unable to grow when the deuterium oxide content of 
the medium was 50-70%. Early studies (60) indicated 
that the rate of growth of transplanted lymphosarco- 
ma and mammary carcinoma in mice was reduced to 
one-half when the animals drank 40% DzO as com- 
pared to mice drinking ordinary water. However, the 
mice on deuterium oxide died faster because of the 
toxic side effects of deuterium oxide. Mice with carci- 
noma drinking 60% DzO died even sooner than mice 
on 40% D2O. Several investigations (61-63) found 
that mouse and rat tumors were unaffected by heavy 
water in concentrations as high as 94%. 


In more recent studies (36), it was reported that 
the growth rate of Krebs-2 ascites tumors and P-1534 
lymphatic leukemia was reduced in host mice deuter- 
ated to a 25% level, which is below the toxic limit for 
deuteration in mice. The glutamic-oxalacetic trans- 
aminase (GOT) determination in the blood serum 
and in the ascites plasma indicated that there was 
tumor cell destruction at  this level of deuteration. 


In a study of Ehrlich ascites tumor in mice, deuter- 
ating the mice to 30% increased survival time by 
about 6 days while deuterating to 40% had no sparing 
effect, with the toxic effects apparently nullifying 
any therapeutic advantage (64). I t  appears to be es- 
tablished that deuteration inhibits tumor growth but 
does not arrest it a t  deuterium concentrations toler- 
ated by the host. 


Finkel and coworkers (65, 66) observed that the 
growth of Krebs-2A ascites tumors in mice was de- 
pressed when the deuterium oxide levels in the body 
fluids ranged from 13 to 32%. With increasing deu- 


teration, there was a progressive elevation in serum 
GOT in tumor-bearing mice and an even greater ele- 
vation in the ascites plasma value. These findings 
suggest that deuteration to high levels leads to tumor 
cell injury with a release of GOT into the ascites 
fluid, from where it is subsequently carried into the 
general circulation and yields elevated serum GOT 
values. 


A combination of deuteration with chemothera- 
peutic agents may offer beneficial effects in tumor 
therapy (36), and this possibility was explored (65, 
67). A potentiating effect for certain antitumor 
agents was reported in mice inoculated with solid and 
ascites Krebs-2 tumors. Fluorouracil was more effec- 
tive in controlling tumors in mice drinking 30% D20 
than in nondeuterated control mice. Similar results 
were obtained with mercaptopurine, colchicine, and 
cyclophosphamide. Additive effects were noted with 
deuterium oxide and fluorouracil, while a distinct po- 
tentiation resulted when deuterium oxide was com- 
bined with colchicine or cyclophosphamide. Amino- 
pterin and cyclophosphamide showed an enhanced 
activity against mouse ascites leukemia in deuterated 
mice. However, combination therapy was generally 
accompanied by a shortened survival time; in addi- 
tion, deuteration may cause an increase in the toxici- 
ty of some chemotherapeutic agents. 


Katz et al. (36) also examined the effect of deu- 
teration on the radiation sensitivity of mice. In some 
experiments, deuterium oxide produced a slight pro- 
longation of survival time in X-irradiated mice. The 
effects of deuteration and X-ray treatments on my- 
elogenous leukemia in mice were studied (68). Oral 
administration of 25% deuterium oxide in drinking 
water produced a significant prolongation in survival 
time. X-radiation, in addition to deuteration, gave 
additive results, but a synergistic effect was not de- 
tected. Mice deuterated prior to irradiation were pro- 
vided some protection against the lethal effects of 
X-rays. 


French et al. (69) studied the effect of deuteration 
in mice infected with ectromelia virus, and they com- 
pared the effect on survival time and histopathologi- 
cal characteristics in two groups of infected mice. 
Mice receiving 30% DzO in drinking water showed a 
slight prolongation in survival time and a slight delay 
in onset of necrosis in the internal organs examined. 


The action of nitrogen mustard and deuterium 
oxide on mitosis and on the nucleic acid content of 
Ehrlich ascites tumor cells was compared (70). Deu- 
terium oxide only blocks the ability of cells to divide, 
while nitrogen mustard prevents mitosis irreversibly. 
The presence of deuterium oxide caused a decrease of 
desoxyribose bound to  purine. 


Patients with uterine cervical cancer were treated 
by local administration of pure heavy water into the 
tumor and beneficial effects were reported (71). 
Heavy water also showed a potentiating effect when 
combined with a chemotherapeutic agent in these 
studies. 


The effects of 30% D2O administered in the drink- 
ing water on a virus-induced mouse leukemia were 
noted (72). Deuterium was administered in the 
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drinking water at different time periods after inocu- 
lation of the tumor virus. The earlier the initiation of 
deuterium oxide administration, the higher was the 
fraction of survivors, suggesting that deuterium oxide 
may have antileukemia virus activity. Furthermore, 
30% D2O was more beneficial than 15%. 


In summary, numerous studies have shown that 
deuterium does inhibit the growth of tumors but, un- 
fortunately, the concentrations of deuterium re- 
quired cannot be tolerated by the host. 


Heavy Water as Measure of Total Body Water- 
Heavy water is used for the measurement of total 
body water in humans by isotope dilution analysis. 
A t  the Mayo Clinic (73), this routine diagnostic pro- 
cedure involves the following basic steps: 


1. The patient receives 25 ml of pure deuterium 
oxide orally. 


2. Urine collections are obtained at 2, 3, and 4 hr 
after administration of the deuterium oxide dose or 2, 
4, and 6 hr in patients suspect of fluid retention. 


3. Urine is reduced by passage over heated zinc 
(74). 


4. The products of reduction (HD and Ha gases) 
are analyzed by a mass spectrometer3 for ratios of 
masses 3 and 2. By calibration of the mass spectrom- 
eter with known concentrations of HD:HZ, the sam- 
ple moles percent deuterium oxide “excess” is calcu- 
lated from the HD:H2 ratio. 


5. The calculation of total body water is then com- 
puted from the expression Vz = (C1V1)/Cz, where V2 
is the total body water; C1 and V1 are the concentra- 
tion and volume of deuterium oxide administered, re- 
spectively; and C2 is the deuterium content of the 
urine at equilibrium. 


6. Total body water calculated from the last two 
urine samples are averaged and taken to be the ob- 
served total body water. If the values of the last two 
samples disagree by more than 5%, equilibration is 
assumed incomplete and an additional specimen is 
obtained. 


The procedure utilized at  the Mayo Clinic is based 
on literature methods (74,75). 


Heavy Water in Neutron Radiography-In re- 
cent years, neutron radiography has made possible a 
number of interesting and potentially useful applica- 
tions in biomedical research and clinical diagnosis. In 
certain. respects, neutron radiography is similar to 
X-radiography. However, the two techniques are 
complementary rather than overlapping; neutron ra- 
diographs often reveal information not readily appar- 
ent from conventional X-rays. 


The subject of neutron radiography was compre- 
hensively treated (76), and various biomedical appli- 
cations of the procedure were discussed recently (77, 
78). The utility of heavy water as a biological contrast 
agent in slow neutron radiography also was explored 
(79). 


Replacement of a substantial amount of hydrogen 
with deuterium by exchange with deuterium oxide 
(the process referred to as deuteration) reduces the 
attenuation of slow neutrons traversing tissue be- 


cause the absorption and scattering probabilities of 
neutrons are much greater for hydrogen than for deu- 
terium. Deuteration is effected by simply contacting 
the tissue with heavy water, whereby exchange takes 
place rapidly. The extent of deuteration depends on 
the chemical nature of the tissue and the number of 
ionizable or exchangeable hydrogens it possesses. 
The reader is reminded that hydrogen atoms bonded 
directly to carbon atoms are not exchangeable, while 
hydrogen atoms bonded to nitrogen, oxygen, or sulfur 
are readily exchangeable. 


Fatty tissues consist largely of hydrocarbon chains, 
which contain essentially only nonexchangeable hy- 
drogen. After deuteration, fatty components there- 
fore form an image with high contrast against sur- 
rounding muscle, bone, and most body fluids. Fats 
retain their lH content and remain opaque to neu- 
trons. A high level of exchange takes place in muscle 
tissue, because proteins and carbohydrates have large 
numbers of exchangeable hydrogen. Since bones are 
largely inorganic in nature, they are generally radi- 
olucent to neutrons, even without deuteration. The 
bone marrow does contain variable amounts of con- 
nective tissue, proteins, and fats. Extensive deutera- 
tion does occur in viable bones, resulting in high con- 
trasts between bones and fatty tissues in neutron ra- 
diographs of deuterated sections. 


A significant contrast between tumor tissue and 
surrounding tissue in specimen radiographs was 
noted (77). Although the specimen was not deuterat- 
ed in this case, it was suggested that the difference in 
the neutron absorption pattern may have been due to 
a higher hydrogen content in the tumor than in nor- 
mal tissue. In a more recent study (79), tissue slices 
from an adenocarcinoma of the colon were soaked in 
heavy water for 24 hr, and comparisons were made 
among the X-ray, neutron radiograph, and micro- 
scopic examinations of the histological section. The 
neutron radiograph revealed greater contrast be- 
tween the fat and other tissues. Neutron radiography 
has been demonstrated to be a unique method for 
imaging bone marrow directly. The radiograph of a 
deuterated specimen (a finger soaked in heavy water 
for 24 hr) showed strong contrast between the radi- 
opaque fatty bone marrow and the radiolucent bone 
cortex and the connective tissue in the joints. 


Heavy water has been employed in a selective 
imaging technique whereby contrasts were produced 
by controlled deuteration in localized areas of an ani- 
mal’s body. A heavy water solution containing dex- 
tran, glucose, and sodium chloride was infused into 
both carotid arteries of a living rat over 4 hr. All or- 
gans except the brain and aqueous humor of the eye 
were extensively deuterated. A neutron radiograph of 
the rat’s head revealed high contrast between these 
organs and the surrounding tissues which became ra- 
diolucent to neutrons. When dextran was deleted 
from the perfusion liquid, the contrast was not ob- 
served. Apparently, dextran interferes with the ex- 
change process across the blood-brain and blood- 
aqueous humor barriers, and this technique may be 
useful in studying the effect of drugs and other fac- 
tors on transport across these barriers. AEI MS 20. 
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Heavy water as a contrast medium in neutron radi- 
ography has limited clinical application at present. It 
is readily applied to isolated tissue sections by simply 
soaking the specimen in heavy water. Heavy water 
may be administered by injection to live research ani- 
mals within the constraints, of course, of the neutron 
radiation dose and the toxicity of the heavy water. 
The thickness of the tissue or organ that may be ef- 
fectively imaged by neutron radiography increases as 
the extent of deuteration becomes greater. 


Although heavy water in small amounts is general- 
ly not toxic to humans or animals, the concentrations 
required for effective neutron radiography in vivo are 
large and probably beyond the dosage that can be 
readily tolerated by humans. 


Parks et al. (79) considered the possibility of ef- 
fecting deuteration in rats by a single large dose of 
deuterium oxide administered by intraperitoneal or 
intravenous injection. They found that rats survived 
injections of heavy water that did not exceed 40% of 
the total body fluid weight. This dose resulted in less 
than 30% deuterium replacement in the body fluids. 
According to these investigators, this level of deu- 
teration is probably not sufficient for clinical applica- 
tions of neutron radiography. Even at  this level of 
deuteration, the thickness of the specimen that may 
be radiographed is only 5 cm. 


The extent of deuteration in rats may be increased 
to 50% by an isolated segment infusion technique. 
This level of deuteration in the muscles of the 
hindlimbs did not prove fatal. Similar levels were 
achieved in the brain of rats by injection of heavy 
water into the carotid arteries. Parks et al. (79) spec- 
ulated on the possible application of this technique 
in humans. Deuteration at the 50% level would per- 
mit radiography of a limb 7 cm thick while imposing 
a high, although clinically acceptable, neutron radia- 
tion dose. It is questionable whether the risks im- 
posed by extensive deuteration of a human limb 
would be outweighed by the advantages derived from 
such a drastic procedure. A review of clinical applica- 
tions of neutron radiography was presented recently 
(80). 


BARBITURATES 


The pharmacological effect of deuterium substitu- 
tion in butethal4 (5-n-butyl-5-ethylbarbituric acid) 
was studied (81, 82). 3’-Dideuteriobutethal, which 
contains two deuterium atoms on carbon 3 of the 
butyl side chain in the 5-position7 was synthesized. 
The deuterated derivative was compared with the 
nondeuterated form by intraperitoneal injection in 
mice and measurement of the duration of induced 
sleeping time, based on the time from loss to return 
of the righting reflex. The deuterated barbiturate in- 
creased sleeping time better than twofold in compari- 
son with the nondeuterated controls. The biological 
half-life of the former was about 2.5 times longer 
than the latter. In vitro studies were conducted by 
incubation with mouse liver microsomes, and an iso- 
tope effect of about 1.6 was observed for the in uitro 


4 Neonal. 


rate of hydroxylation of the deuterated compound 
compared to the nondeuterated molecule. 


The major metabolite of butethal is 5-(3-hydroxy- 
n-butyl)-5-ethylbarbituric acid. If the oxidative pro- 
cess involving the penultimate carbon of the side 
chain of the molecule is the rate-limiting step, re- 
placement of hydrogen with deuterium at  the site of 
oxidation should decrease the rate of oxidation, in- 
crease the biological half-life, and prolong the phar- 
macological activity. Not excluded in these studies is 
the possibility that deuterated butethal may be less 
readily metabolized because of a weaker affinity for 
hepatic microsomal enzymes. Studies with 4’-deuter- 
iobutethal seemed to indicate that the terminal car- 
bon of the side chain may also be involved in the me- 
tabolism of butethal. 


The effects of deuteration on the activity of 541- 
methylbutyl)-5-ethylbarbituric acid were investi- 
gated (83). The 3’-dideuterio derivative was synthe- 
sized, and its anesthetic potency was compared with 
the ordinary drug in mice. While the onset of seda- 
tion was similar in both compounds, the time to peak 
depression was delayed and the total sleeping time 
was extended significantly by the deuterated deriva- 
tive. The biological half-life, determined in dogs, was 
1.7-2.0 times greater for the deuterated compound 
than for the drug of ordinary isotopic composition. 
The metabolic process and mechanism of action ap- 
peared to be the same as those noted for butethal. 


The effect of deuterium substitution on the metab- 
olism of phenobarbital in dogs and rats was reported 
(84). Two deuterated derivatives were studied: one 
containing a deuterium atom in the para-position of 
the phenyl group a t  position 5 and the other contain- 
ing five deuterium atoms in the ethyl group in posi- 
tion 5 in addition to a deuterium atom in the para- 
position of the phenyl group. There was no apparent 
difference in the rates of disappearance of these com- 
pounds and the control from the plasma, which indi- 
cated that there was no significant isotope effect. Al- 
though the major route of metabolism of phenobarbi- 
tal in humans, dogs, and rats is through hydroxyl- 
ation of the para-position of the phenyl group, it 
does not appear that this process is rate limiting. Ap- 
parently, biological aromatic hydroxylation lacks a 
deuterium isotope effect. 


Sleep time studies with mice indicated that there 
were no significant differences in sedative potency 
among the compounds studied, and there appeared 
to be no significant difference in the degree of stimu- 
lation of drug-metabolizing enzymes. It was also indi- 
cated that the 5-ethyl substituent contributes only in 
a minor way to the sedative activity of barbiturates, 
perhaps by increasing the lipid solubility of the mole- 
cule. There was no apparent alteration in the meta- 
bolic pathway of the deuterated drug. Alterations in 
the pharmacological activity of barbiturates are often 
dependent on structural changes involving longer 
and more highly branched alkyl substituents in posi- 
tion 5. Further work based on kinetic isotope studies 
should be of considerable value in determining the 
precise effect of molecular changes on the pharmaco- 
logical function of barbiturates. 
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HORMONES AND RELATED COMPOUNDS D,COH 
I 


The estrogenic activity of a-bromo-a,/3-diphenyl- 
6-pentadeuteriophenylethylene was compared to its 
nondeuterated analog and found to be considerably 
less active (85). The pharmacological activity appar- 
ently depends on the oxidation to the corresponding 
bis-p-hydroxy derivative, which has a structure simi- 
lar to diethylstilbestrol. The decrease in activity of 
the deuterated form is the result of a primary kinetic 
isotope effect on the oxidation of a C-D bond. The 
assay procedure (Allen-Doisy test) was based on the 
induction of estrus in ovariectomized rats. No signifi- 
cant difference was noted between the two com- 
pounds in their preoestrus-inducing activity. 
lla-Deutero-17a-hydroxycorticosterone was syn- 


thesized, and its biological activity was compared to 
hydrocortisone (86). In the oral glycogen deposition 
test in mice and in the oral systemic granuloma assay 
in rats, the approximate relative potencies of the 
deuterated derivative compared to hydrocortisone 
were 0.7 to 1.0 and 1.5, respectively. 


The androgenic activity of 3a-deutero-17a-methyl- 
Sa-androstane-3/3,17/9-diol was compared to the cor- 
responding ‘H derivative (87). The 3-hydroxy form is 
probably androgenically inactive as such and must be 
oxidized in uiuo to the keto derivative, which is a po- 
tent androgen. If the oxidation to the 3-ketone with 
the loss of the 3a-hydrogen or 3a-deuterium is the 
rate-determining step, then the 3a-deutero com- 
pound should be oxidized more slowly and therefore 
exhibit lower androgenic activity than the 3a-hydro- 
gen compound. 


This possibility was tested in castrated male rats, 
and it was found that the IH compound was 3.36 
times more active than the deuterated compound on 
the basis of the ventral prostate response and 4.65 
times more active in the response of the seminal ves- 
icles, demonstrating that oxidation to the keto form 
is a necessary step for androgenic activity in the rat. 
This result is interpreted to be due to an in uiuo iso- 
tope effect on the oxidation of the 3-hydroxy group, 
which involves the cleavage of the 3a-deuterium- 
carbon bond. No difference was noted in androgenic 
activity between testosterone and 17a-deuterotestos- 
terone in the castrated rat when administered orally 
or subcutaneously. 


A number of deuterated deaminooxytocin deriva- 
tives, variously substituted in the lp-mercaptopro- 
pionic acid position or in the 5-asparagine position 
were synthesized (88, 89). The biological activity of 
the deuterated derivatives was compared with deami- 
nooxytocin. Statistical analysis of the data revealed 
that, within experimental error, all compounds elic- 
ited the same vasodepressor and oxytocic activities. 
It was also shown that deuterated amino acids can be 
incorporated into peptides, using ordinary synthetic 
procedures, without significant loss of deuterium. 


Pitman et al. (90) synthesized hydrocortisone (I) in 
which two deuterium atoms were incorporated in the 
C-21 position. Its stability against degradation in 
aqueous solution under both aerobic and anaerobic 
conditions was compared with that of hydrocorti- 


0 
I: hydrocortisone- d ,  


sone. Under oxidative conditions, the deuterated 
compound was more stable than the protio form of 
hydrocortisone. The explanation may be that the 
reaction mechanism for the degradation involves a 
rate-determining enolization in the C-17 position of 
the dihydroxyacetone side chain. 


Lemieux et al. (91) studied the in uiuo oxidation of 
the antidiabetic drug tolbutamide (N-p-tolu- 
enesulfonyl-N’-n- butylurea) to N-p-carboxybenzene- 
sulfonyl-N’-n-butylurea. The rate of oxidation in 
adult human subjects was essentially unaffected by 
complete deuteration of the methyl group of the tolu- 
ene residue, as measured by the rate of the excretion 
of the oxidation product. Tagg et al. (92) identified 
hydroxymethyltolbutamide as the major oxidation 
product in the urine of rats and rabbits administered 
tolbutamide, a finding confirmed by Thomas and 
Ikeda (93). The tolbutamide was shown to be metab- 
olized by liver microsomes in the rat. Only a small 
isotope effect (H/D = 1.14) was noted in comparing 
the oxidation rates of tolbutamide containing three 
deuterium atoms in the methyl group with nondeu- 
terated tolbutamide. The small isotope effect indi- 
cates that the breaking of carbon-hydrogen bonds is 
not the rate-determining step in the oxidative reac- 
tion. 


The specificity of the pharmacological action of 
dopamine was examined by substituting deuterium 
for hydrogen in the alkyl side chain (94). Both a,a’- 
dideuteriodopamine and P,p-dideuteriodopamine 
were synthesized chemically and tested for activity in 
the dog. No difference in pharmacological activity 
was noted between the deuterated dopamines and 
the protio analog, suggesting that this agent acts di- 
rectly on a dopaminergic receptor without involving 
the formation of intermediate compounds. If hydrox- 
ylation were the rate-determining step involved in 
the pharmacological activity, then the rate of in uiuo 
conversion to norepinephrine would have been re- 
duced due to a primary deuterium isotope effect in- 
volving the P-carbon position. If dopamine activity 
were effected through the monoamine oxidase en- 
zyme, then a comparable effect would have been 
noted as a result of substitution in the a-carbon posi- 
tion. The absence of these effects supports the con- 
cept that dopamine acts directly on a receptor. 


Barbour and Dickerson (95) observed the effect of 
deuterium oxide a t  20,50, and 75% on the hydrolysis 
of acetylcholine bromide both in the presence and in 
the absence of cholinesterase. Dog blood serum 
served as the source of cholinesterase. Deuterium 
oxide slowed the hydrolysis of acetylcholine to the 
same extent whether or not enzyme was present. The 
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rate of hydrolysis was decreased 10.6% in 20% D20, 
23% in 50% Dz0, and about 33% in 75% D20. Appar- 
ently, the inhibition of hydrolysis cannot be attrib- 
uted to poisoning of the enzyme. 


Acetylcholine was synthesized with three hydrogen 
atoms of the acetyl group replaced by deuterium 
atoms; about a 30% reduction in potency was re- 
ported as a result of the deuterium substitution (96). 


Belleau (23) synthesized acetylcholine bromide 
variously substituted with deuterium: Compound A, 
three deuterium atoms in the acetyl group as synthe- 
sized earlier (96); Compound B, two deuterium atoms 
in the choline part of the molecule alpha to the ester 
linkage; Compound C, two deuteriums in the choline 
part beta to the ester linkage; and Compound D, full 
deuteration of the three methyl groups attached to 
the quaternary nitrogen. Michaelis constants were 
obtained for the isomeric deuterated acetylcholine 
bromides. The respective constants were identical, 
4.5 f 0.3 X lo-* M. Each compound was further test- 
ed for cholinergic activity, using the hypotensive re- 
sponse of the dog to intravenous administration be- 
fore and after treatment with physostigmine. The ab- 
sence of deuterium isotope effects on the binding of 
acetylcholine with the esterase enzyme or the cholin- 
ergic receptor is a t  variance with previous observa- 
tions (96) or a 30% reduction in potency for Com- 
pound A. 


ANESTHETICS 


The anesthetic properties of deuterated chloro- 
form in dogs and mice were studied (97). The exhaled 
deuterated chloroform had the same isotopic compo- 
sition as the inhaled chloroform, which indicated that 
no exchange had taken place. In mice, the response to  
the anesthetic action of both forms of chloroform was 
similar. In dogs, the anesthetic syndrome was the 
same for both compounds. But, on the basis of limit- 
ed studies, it appeared that deuterated chloroform 
was somewhat more potent; 20% more ordinary chlo- 
roform was required to achieve the same stage of an- 
esthesia as the deuterated form when compared in 
the same five dogs. It did not appear that chloroform 
was metabolized to any significant extent. 


The anesthetic properties of fully deuterated ethyl 
ether were also studied (98). The anesthetic syn- 
drome in mice was identical to that for the protio an- 
alog. On the basis of mass spectrometric analysis, it 
was determined that no deuterium exchange had 
taken place, suggesting that the anesthetic action of 
ether does not depend on chemical interaction with 
the biological systems of the body and that it is 
evoked by the intact molecule involving weak inter- 
actions rather than chemical reactions. In an earlier 
study (991, it was shown that fully deuterated ethyl- 
ene and acetylene elicited anesthesia in dogs and cats 
similar to that of ordinary ethylene and acetylene. 


The effect of deuterium oxide on the local anes- 
thetic activity of procaine was studied, using the cor- 
nea of the guinea pig as the test site (100). The EDs0 
of procaine in deuterium oxide was found to be about 
one-half of the EDSO for procaine in water. No signifi- 


cant difference in the toxicity of procaine was found 
with either solvent. Stability studies indicated that 
procaine is more stable in deuterium oxide solutions 
than in water solutions at comparable pH values. 
Greater activity of procaine in deuterium oxide was 
accounted for by the fact that procaine free base is 
more stable in deuterium oxide solutions and also 
that a deuterium oxide solution of procaine contains 
more free base than the corresponding aqueous solu- 
tion at comparable pH values5. 


The effect of a-deuteration on the metabolism and 
depressant action of ethanol was studied, using the 
mouse as the test animal (101). Ethanol and a-deu- 
terioethanol were administered intraperitoneally (4 
g/kg). The deuterated compound slowed the rate of 
metabolism from 794 to 692 mg/kg/hr. Sleeping time 
was increased from 110 to 170 min for the deuterio 
compound after the injection of 5 g/kg for both com- 
pounds. 


ANTIBIOTICS 


Shaffer et al. (106) examined the effects of deu- 
teration on the growth rate and morphology of the 
fungi Penicillium notatum and Aspergillus fonse- 
caeus. These organisms were grown over 3 months in 
media containing 10-99% D20 and protio substrates. 
Severe growth inhibition was noted a t  the 50% D20 
level in the P. notatum cultures and at  the 66% level 
in the A. fonsecaeus cultures. In both fungi, the nor- 
mal floating-mat type of growth was replaced a t  the 
highest deuterium oxide levels by a submerged floc- 
culated type of growth. Pigment production de- 
creased as the deuterium oxide level increased, and 
sporulation was inhibited in both fungi. P. notatum 
sporulated in media containing 0, 10, and 25% D20, 
while A. fonsecaeus sporulated in all but the 99% 
D20 medium. Combustion analysis data indicated 
that the extent of deuterium incorporation into fixed 
positions in the mycelia was only about 50% that of 
the deuterium level of the medium, indicative of the 
lH contribution from the lH- glucose used in the cul- 
ture medium. The effect of deuteration on antibiotic 
production was not investigated in these studies. 


Nona et al. (107) investigated the effect of deutera- 
tion on the growth of Penicillium janczewskii, a 
mold that produces the antifungal antibiotic griseo- 
fulvin. The mold was cultured by the shake culture 
technique and by surface culture in media containing 
50, 75, and 99.6% D20 with protio or deuterio sugars 
as the carbon source. Griseofulvin titers, pigmenta- 
tion, and mycelial dry weights were all markedly de- 
pressed as the deuterium oxide content of the medi- 
um was increased. Corn steep solids and vitamin B 
complex appeared to enhance both mycelial growth 
and griseofulvin production in highly deuterated 
media. In a highly deuterated environment, the mold 
apparently uses nutrients to support vital metabolic 
activities and meets only those needs required for 


Someliterature reports (102-105) have dealt with relating the pD scale 
and the operational pH in deuterium oxide solutions. Generally, a correction 
of about 0.40 pH unit is added to the “apparent” pH of a heavy water solu- 
tion as measured by a conventional glass electrode. 
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survival. Griseofulvin biosynthesis appears to be non- 
essential for mold survival and can be depressed 
without damage to the organism. 


A subsequent study (108) found a “replacement 
culture” technique to be useful for obtaining nones- 
sential metabolites. The mycelial contents of shake 
cultures grown in a water medium were used as the 
starting tissue for preparative replacement cultures. 
After about 1 week’s growth, the vegetative tissue 
was removed from the culture, washed free of water 
with deuterium oxide, and redispersed in a deuteri- 
um oxide medium. When the replacement deuterium 
oxide medium contained deuterio sugars, fully deu- 
terated griseofulvin was produced; when protio sug- 
ars were included in the deuterium oxide medium, 
the griseofulvin was partially deuterated. In the 2H- 
cultures, griseofulvin did not accumulate to any ap- 
preciable extent before the 15th day of incubation. 
Therefore, the ‘H-mycelium younger than 15 days 
could be used in a replacement culture without fear 
of product contamination. This procedure reduced 
the 50-60 days generally required for maximum anti- 
biotic production by the direct fermentation method 
to about 30-35 days. No significant increase in anti- 
biotic production was noted by the latter method. 
The antibiotic was isolated and purified by TLC. 
PMR (‘HMR) spectral analysis indicated complete 
deuteration in the sample obtained from a fully deu- 
terated replacement medium. 


The antifungal activity of the isolated deuterated 
antibiotic was compared (109) with that of ordinary 
griseofulvin by the plate assay method, with Micro- 
sporum gypseum as the test organism, and the deu- 
terated antibiotic was found to be about 10% more 
active than the protio form. The increased activity of 
the deuterated griseofulvin may be due to an in- 
creased efficiency of action resulting from a primary 
isotope effect a t  the target site where the rupture of 
C-D bonds may be directly involved, or the in- 
creased stability of the deuterated molecule may play 
a role in that the fungus may not be able to metabo- 
lize deuterated griseofulvin as readily as it does the 
protio form. However, a better understanding of the 
mechanism of antifungal activity of ordinary griseo- 
fulvin is needed before the effect of deuterium re- 
placement is more completely understood. 


Mohammed et al. (110,111) reported the effects of 
deuterium oxide on the growth and antibiotic pro- 
duction of 13 low-producing strains of two species of 
Penicillium and three high-producing strains of P. 
chrysogenum. However, the deuterated antibiotic 
was not isolated in these investigations. 
Deuterophenylacetyl-15N-DL-valine was synthe- 


sized where 41% of the hydrogen in the benzene ring 
was replaced with deuterium (112). This compound 
was used to study the incorporation of phenylacetic 
acid and valine into the benzylpenicillin molecule 
during fermentation. It was learned from deuterium 
analyses that the phenylacetyl moiety was incorpo- 
rated directly into benzylpenicillin. Very little 15N 
was found in the molecule, from which it was con- 
cluded that the nitrogen of the amide group did not 
originate from the added labeled valine. 


Deuteriobenzylpenicillin, in which the benzene 
ring contained five deuterium atoms, was utilized as 
a label for monitoring net penicillin production dur- 
ing fermentation (113). 


Deuteriobenzyl-&-penicillin was synthesized 
chemically and used to study the deuterium isotope 
effect on the biological activity of penicillin (114). 
The biological activity of the selectively deuterated 
penicillin was compared to that of the protio form by 
a turbidimetric assay procedure, using Staphylococ- 
cus aureus as the test organism. The relative potency 
(penicillin to deuteriopenicillin) was reported to be 
1.25. It was suggested that since the binding of the 
benzylpenicillin molecule to proteins is apparently 
mediated by the benzyl moiety and not by the &lac- 
tam-thiazolidine nucleus (1151, alteration in the rate 
and strength of binding may account for decreased 
bioactivity of the deuterated molecule. 


P, chrysogenum (Wisconsin strain 53-414) was cul- 
tured in a defined medium containing glucose, ace- 
tate, lactate, and phenylacetate as carbon sources 
and pure deuterium oxide as the solvent (116). Par- 
tially deuterated benzylpenicillin was isolated from 
the culture containing protio substrates and deuteri- 
um oxide. The extent of solvent participation in the 
biosynthesis of penicillin was determined by analysis 
of the ‘HMR spectrum. The culturing procedure in- 
volved a modification of the replacement technique, 
whereby a thick seed culture was produced in a pro- 
tio medium. The mycelial pad was separated, rinsed 
with deuterium oxide, and used as an inoculum for 
the deuterated culture. 


Incorporation of deuterium appears almost com- 
plete a t  the C-3 position of the thiazolidine ring and 
the C-6 position of the P-lactam ring (11). Only par- 
tial incorporation of deuterium (60-70%) at  the C-5 
position was noted. The deuterium atoms in the C-5 
and C-6 positions probably arise during the biosyn- 
thesis of cysteine. The deuterium a t  the C-3 position 
may arise from the precursor valine or in the final 
step of biosynthesis involving the thiazolidine ring 
closure, whereby a deuterium may be incorporated 
through solvent participation. 


A highly deuterated penicillin was obtained (1 17) 
by using deuterated substrates in the replacement 
culture medium. Analysis of the lHMR spectrum re- 
vealed an average deuterium replacement of 89%. 
Complete deuteration was noted in the phenylacetyl 
group, a t  the C-3 position of the thiazolidine ring, 
and at  the C-6 position of the @-lactam ring. Partial 
2H incorporation (64%) was noted at  the C-5 position 
of the P-lactam ring and in the methyl groups (77%) 
at  the C-2 position of the thiazolidine ring. When 
deuterated pyruvate (the precursor for the two meth- 
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11: partially deuterated benzylpenicillin 
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yl groups attached to C-2) was included in the medi- 
um, the methyl group contained only ‘H. However, 
when deutetated pyruvate was incorporated in the 
seed culture medium, deuterium was present in the 
methyl groups. The methyl groups are apparently 
preformed in the seed inoculum with little or no ad- 
ditional biosynthesis of methyl groups during fer- 
mentation. 


The antibiotic potency of highly deuterated ben- 
zylpenicillin was compared (118) with the compound 
of normal isotopic composition by the USP cup-plate 
assay, with Sarcina lutea as the test organism. A rel- 
ative potency (H/D) of 1.23 was obtained. Thus, as 
also noted by Laskar and Mrtek (114), deuterium in 
the penicillin molecule affected the potency adverse- 
ly. Penicillin acts by inhibiting cell wall formation, 
possibly at the cross-linking level in mucopeptide 
synthesis. According to Wise and Park (119), the 
penicillin molecule fits the active site of a hypotheti- 
cal transpeptidase enzyme. The P-lactam ring of the 
penicillin molecule apparently reacts with the en- 
zyme and inactivation results. Penicillin has been 
shown (120) to be bound irreversibly to a “penicillin- 
binding component” of bacterial cell walls. The com- 
ponent is presumably the transpeptidase enzyme. 
The binding strength of deuterated penicillin to the 
enzyme would be expected to be less than the protio 
form of penicillin, thus accounting for a decrease in 
potency. 


The deuterium isotope effect on the antibiotic ac- 
tivity of chloramphenicol was studied (121). This an- 
tibiotic apparently interferes with the synthesis of 
proteins essential in cell division (122). The antibiot- 
ic may bind irreversibly to an enzyme active center or 
covalently to an enzyme product used in a subse- 
quent biosynthetic step. Chloramphenicol may act 
through a hydrogen radical transfer mechanism 
(123). The benzylic C-H bond is proposed as the 
point of attack at  the receptor site. The antibiotic ap- 
parently forms a free radical, which binds covalently 
to the enzyme. The a-deuterio derivative should pos- 
sess a lower activity if, in fact, the rate-determining 
step is a deuterium radical transfer. 


a-Deuteriochloramphenicol was synthesized and 
its antibacterial activity was compared with the pro- 
tio analog using Escherichia coli as the test organism. 
An isotope effect of 1.27 was obtained based on in- 
hibitory rate constant measurements; i.e., the deuter- 
io form had only 80% of the activity of the protio 
species. This result is consistent with the hypothesis 
that the benzylic C-H bond is broken in the rate- 
determining step anc with the concept that the anti- 
biotic blocks an enzyme covalently. 


ALKALOIDS 


Beckett et al. (124) postulated that N-dealkylation 
at the central receptor site is the initial process re- 
sponsible for morphine analgesia. Since this is an en- 
zymatic oxidative reaction, involving the breaking of 
C-N and C-H bonds, the rate of demethylation 
and the pharmacological activity depend on the ease 
with which these bonds are oxidized. 


Morphine, in which the N-methyl group was com- 
pletely deuterated, was prepared and then the effect 
of deuteration on the analgesic potency and enzymat- 
ic N-demethylation of the molecule was studied (125, 
126). A significant lowering in potency in mice (tail- 
flick method), as well as the LD50, irrespective of the 
mode of administration was found; no differences in 
time of onset, maximal effect, or duration of action 
were detected. The potency ratio (morphine to deu- 
teriomorphine) ranged from 1.56 to 3.00, depending 
on the mode of administration. Absorption effects 
were ruled out since similar results were obtained 
when the drugs were administered intracerebrally 
and intravenously. 


The rate of morphine demethylation was studied 
in vitro by measuring the formaldehyde released 
when morphine was incubated with rat liver micro- 
somes. An isotope effect ( l z ~ / l z ~ )  of 1.4 was reported. 
Based on the Michaelis and velocity constants, the 
observed isotope effect apparently results from a 
weaker bonding of the morphine molecule to the N- 
demethylating enzyme. The difference in potencies 
may thus be due to a decreased affinity of the deuter- 
ated morphine for the receptor site, assisted by a di- 
minished reaction rate of the bound material. 


A series of studies (127-129) examined the biosyn- 
thesis of a water-soluble group of clavine alkaloids 
elaborated by certain strains of Claviceps purpurea. 
Conditions were established for the optimal growth 
of the Claviceps strain 47 A-Tyler in a fully deuterat- 
ed form (127). At high concentrations of deuterium 
oxide, saprophytic growth was highly dependent on 
the nature of the carbon source. This strain of Claui- 
ceps was well maintained and produced high yields of 
alkaloids in water on a medium containing a mixture 
of 5-15% protiomannitol and 0.5% protiosuccinic 
acid. 


At  deuterium oxide levels up to 75%, growth and 
alkaloid production were realized in submerged and 
mat cultures with 7% protiosuccinic acid as the only 
carbon source. Reduction of the phosphate content in 
the nutrient medium stimulated alkaloid production 
in water cultures but only slightly in deuterium oxide 
cultures. Complete deuteration of the organism and 
successful maintenance of the culture were achieved 
on a low phosphate nutrient medium containing 2% 
fully deuterated monosaccharides and 0.5% deuter- 
iosuccinic acid plus traces of vitamins. However, at 
high levels of deuterium oxide, alkaloid production 
was severely impaired, although the organism grew 
well. 


Further studies (128) used a replacement culture 
technique for the biosynthesis of highly deuterated 
clavine alkaloids. Cultures grown in an ordinary hy- 
drogen environment (water and protio substrates) 
were transferred to a deuterium oxide medium con- 
taining only phosphate buffer salts and tryptophan, 
phenylalanine, succinic acid, and sugars, either in ‘H 
or 2H forms. Multimilligram amounts of deuterated 
alkaloids were obtained from preparative replace- 
ment cultures containing phenylalanine and deuter- 
iosuccinic acid as substrates in pure deuterium oxide. 
The alkaloid fractions consisted of elymoclavine (111) 
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with minor amounts of agroclavine (IV) and were iso- 
lated by solvent extraction. 


No alkaloids were elaborated when deuterated tis- 
sue was used in a replacement culture experiment in- 
dependent of whether the replacement medium was 
made with water or deuterium oxide. Alkaloid pro- 
duction is apparently a nonessential activity, and or- 
ganisms that produce this class of compounds do so 
only under quite specific and probably nonobligatory 
conditions. As indicated by Mrtek et  al. (128), a pri- 
mary effect of deuteration in biological systems ap- 
pears to be the suppression of nonessential metabo- 
lism, which in a way represents an afterthought for 
the organism. High deuterium oxide concentrations 
make Clauiceps use available metabolites for essen- 
tial nutrition at the expense of alkaloid synthesis, a 
result similar to that observed by others (107, 116). 
The replacement culture technique provides a mech- 
anism for circumventing at  least some problems en- 
countered in the adaptation of the fungus to a deu- 
terated environment. 


The third study of this series (129) provided a de- 
tailed magnetic resonance spectral analysis of a num- 
ber of the clavine alkaloids. The spectra were used to 
establish the isotopic composition of elymoclavine 
biosynthesized in deuterium oxide with selected pro- 
tio substrates. The results indicated a large degree of 
solvent participation during alkaloid biosynthesis. 
Alkaloids produced in this way contain both hydro- 


' gen and deuterium and are referred to  as isotope hy- 
brid compounds. The hydrogen-to-deuterium ratios 
at the different hydrogen positions in the molecule 
can be determined from IHMR data. Elymoclavine 
obtained from replacement cultures in 99% D20 with 
protiosuccinate and protiophenylalanine as sub- 
strates was highly deuterated at  all positions. The 
hydrogen atoms at positions 10 and 17 (111) were 
completely deuterated, and the hydrogens at  posi- 
tions 4, 5, 6, 7, and 9 contained 6846% deuterium, 
indicating extensive labilization of carbon-bound hy- 
drogen during biosynthesis. 


Blake et al. (130) studied the effects of deuteration 
on peppermint (Mentha piperita).  This appears to 
be the first detailed study of the effects of extensive 
replacement of hydrogen by deuterium on the growth 
of a higher plant. Cuttings were grown hydroponical- 
ly in nutrient solutions containing varying concentra- 
tions of deuterium oxide. There was a progressive in- 
hibitory effect on growth with an increase in the deu- 
terium oxide content of the nutrient. The effect be- 
came particularly pronounced a t  the 50% level, and 
growth essentially stopped in 70% D20. There was 


impairment in the ability to flower at  all levels of 
deuterium oxide, which seems to parallel fertility ef- 
fects in mammals as noted earlier. This probably re- 
sults because of the high metabolic activity associ- 
ated with reproduction and the large deuterium ki- 
netic isotope effect that might be expected in such a 
situation. 


A comparison was made between the deuterium 
content of the water distilled from the deep-frozen 
plant (labile water), which represents the isotopic 
composition of the exchangeable hydrogen in the 
plant, and the deuterium content of the water ob- 
tained from the combustion of dried plants, which 
represents the organically bound exchangeable and 
nonexchangeable deuterium. The deuterium content 
of the former was found to be approximately 75% 
that of the nutrient solution in which the plant was 
grown, while the latter was about 50% of the deuteri- 
um content of the nutrient solution. Thus, the ratio 
of organically bound to labile deuterium was about 
0.66, somewhat higher than that reported for animals 
(29). 


A subsequent study (131) described the histologi- 
cal effects of deuterium. The major effect of deuteri- 
um on the growth of peppermint appeared to be inhi- 
bition of cell division; in general, the effects were 
more pronounced in actively growing tissues. The 
third study of this series (132) reported the effects of 
certain growth regulators on the growth of mint at 
different concentrations of deuterium oxide in the 
nutrient solution. The inhibitory effects of deuterium 
on the cellular level were not reversed by the plant 
growth hormones used, but maleic hydrazide, usually 
considered to be a plant growth inhibitor, stimulated 
the growth of partially deuterated peppermint 
plants. The metabolic effects of maleic hydrazide are 
apparently converted into stimulation because of the 
contrasted metabolic effects of deuteration. 


Although peppermint is not an alkaloid-producing 
plant, the studies described with mint did suggest the 
possibility of utilizing an alkaloid-producing plant 
for the preparation of deuterated or partially deuter- 
ated alkaloids by biosynthesis. A series of studies was 
undertaken involving the growth of the plant Atropa 
belladonna in heavy water. This plant produces atro- 
pine and related alkaloids. The general morphologi- 
cal effects of deuteration on belladonna plants grown 
in nutrient solution containing 30, 50, and 60% D20 
were described (133). The extent of deuterium up- 
take by the plant, the effect of deuteration on seed 
germination, and the effect on alkaloid content were 
examined. 


The growth of belladonna was strongly inhibited 
by deuterium oxide concentrations greater than 50%, 
and the morphological effects were qualitatively sim- 
ilar to those reported earlier for peppermint plants. 
In 60% DzO, the effects were so drastic that the 
plants were not recognizable as belladonna; plant 
elongation was slight, only a few pale poorly expand- 
ed leaves developed, and there was no indication of 
inflorescence. In general, with increasing concentra- 
tions of deuterium oxide, there was a marked reduc- 
tion of normal growth patterns; above 50% D20 in the 
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medium, there was a loss of reproductive capacity. 
Most disappointing, however, was the progressive 


inhibitory effect on alkaloid production as the deute- 
rium content of the plant increased, a situation not a t  
all unlike that described for the clavine alkaloids 
(128). In fact, plants grown in 60% .D20 medium did 
not produce sufficient plant material to permit an 
analysis for alkaloid content. 


A subsequent study in this series described the ef- 
fects of deuteration on flower, fruit, and seed devel- 
opment in A. belladonna grown in high concentra- 
tions of deuterium oxide (134). Intercomparison of 
plants grown through three generations of exposure 
to heavy water indicated that the most drastic 
growth inhibition took place during first generation 
growth in a deuterium environment. After three gen- 
erations, some adjustment to the deuterium in the 
environment appeared to occur as the plants showed 
better growth in 50% D20. Blake et al. (135) reported 
that in 50% D20, only 75% of belladonna seeds germi- 
nated; in concentrations above 50% D20, the germi- 
nation rate was reduced to zero. 


A replacement culture technique (128) was used to 
study the effect of deuteration on alkaloid produc- 
tion in A.  belladonna (136). Belladonna plants grown 
to maturity in aqueous (water) nutrient solution were 
transplanted to nutrient solutions containing 50, 60, 
75, and 100% DzO. The plants placed into a 99.7% 
D20 medium showed drastic effects of deuteration 
within hours, and all plants died in several days. The 
plants transplanted into 75% D20 survived about 3 
weeks. The 50 and 60% D20 plants survived the 
stresses imposed by deuterium and were harvested 
after a growth period of 7.5 months. Alkaloid produc- 
tion was reduced drastically, ranging from about one- 
third to one-tenth that of the control plants. The al- 
kaloid content was too small and the amount of plant 
material collected too little to permit isolation of al- 
kaloid for further study. Although total alkaloid 
analysis and analysis for atropine and scopolamine 
content were performed, the isotopic composition of 
the alkaloid fraction was not determined. Although 
the time for transplantation was selected when the 
rate of alkaloid synthesis in the plant was greatest, 
extremely low alkaloid analyses were obtained for the 
deuterated plants a t  harvest. It seems likely that al- 
kaloid production was completely inhibited upon 
transfer of the plants from normal growth in water to 
the deuterated nutrient. 


All studies reported in this section, much of the 
work summarized in the section on antibiotics, and 
some of the investigations covered in the amino acid 
section were conducted in a series of collaborative ef- 
forts between the Chemistry Division of Argonne Na- 
tional Laboratory and the College of Pharmacy of the 
University of Illinois. These collaborative programs 
were the subject of a recent article (137). 


AMINO ACIDS 


The successful culturing of several species of algae 
in 99.6% D20 was reported about 15 years ago (138- 
140), and the details of mass culturing on a continu- 


ous basis were published (141) shortly thereafter. 
The algae are grown autotrophically in deuterium 
oxide containing inorganic salts, with carbon dioxide 
as the source of carbon. Under these conditions, all 
compounds synthesized by the algae are fully deuter- 
ated6. 


The identification and isolation of fully deuterated 
amino acids and monosaccharides in alga hydrolysate 
were described (142). The isolated amino acids in- 
cluded deuterioalanine, deuterioglutamic acid, deu- 
terioaspartic acid, and deuterioglycine. Deuterioman- 
nose and deuterioglucose were also isolated in greater 
than gram amounts by chromatography on cellulose, 
and the amino acids were obtained by passage of the 
ionic fraction of the hydrolysate through an ion-ex- 
change7 column. Cohen and Putter (143) reported 
the preparative separation of most deuterated amino 
acids present in the protein hydrolysate prepared 
from the algae Scenedesmus obliquus grown in heavy 
water. 


The chemical synthesis of a series of fully deuter- 
ated amino acids was described including deuterated 
glycine (144); deuterated aspartic acid, glutamic acid, 
asparagine, and glutamine (145, 146); and deuterated 
phenylalanine (147). One objective of these studies 
was to prepare highly deuterated derivatives for use 
in the synthesis of deuterated analogs of oxytocin 
and vasopressin. 


A nonenzymatic transamination method was em- 
ployed for the preparation of “amino acids” deuter- 
ated in the a-position (148). The protio amino acid 
was heated for 70 hr at 120’ with salicylaldehyde in 
the presence of copper ion in deuterium oxide. The 
&-substituted deuterio amino acids prepared in this 
way included glycine, alanine, glutamic acid, valine, 
isoleucine, aspartic acid, and phenylalanine. a-Deu- 
terioglutamic acid and a,fl,fl-trideuterioglutamic acid 
were prepared by enzymatic transamination of glu- 
tamic acid with pig heart glutamate-pyruvate amino- 
transferase and pig heart glutamate-oxaloacetate 
aminotransferase, respectively (149). a-Deuterioglu- 
tamic acid was synthesized by heating the acetylami- 
no acid at 100’ in deuterium oxide in the presence of 
acetic acid-dl and acetic anhydride (150). 


Guroff et al. (151, 152) synthesized phenylalanine 
with a deuterium atom exclusively in the para-posi- 
tion of the phenyl ring by the catalytic reduction of 
the para-bromo derivative of phenylalanine. The p- 
deuteriophenylalanine was used as a substrate for 
Pseudomonas phenylalanine hydroxylase. Hydroxyl- 
ation of the phenylalanine resulted in the formation 
of p-tyrosine, with the concomitant migration of the 
deuterium atom to the meta-position. Although a sig- 
nificant isotope effect was observed in this study, Gu- 
roff and Daly (153), in a subsequent report dealing 
with the migration of a deuterium atom during phe- 
nylalanine hydroxylation, concluded that no isotope 
effect was observed. The same substrate and enzyme 


The term “fully deuterated” and the prefix “deuterio” are used here to 
indicate that nonexchangeable hydrogen atoms have been replaced with 
deuterium atoms. 
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system were used in both studies. The authors ex- 
plained that the discrepancy was apparently caused 
by the presence of impurities in the deuterated sub- 
strate used in the earlier study, which resulted in an 
overestimation of the actual amount of phenylalanine 
present. This hydroxylation-induced migration was 
named the “NIH shift” and was the subject of an ex- 
tensive review (154). Frequent reference is made to 
the utilization of deuterated substrates in studies 
concerned with the elucidation of the mechanism in- 
volved in this important phenomenon. 


The preparation of specifically labeled or fully 
deuterated amino acids has provided useful com- 
pounds for the synthesis of deuterated drugs, for 
studying the mechanism of biochemical reactions, 
and for kinetic isotope studies. 


The deuterium kinetic isotope effect in nonenzym- 
atic transamination of alanine was studied with pyri- 
doxal (155). L-Deuterioalanine was isolated from the 
hydrolysate of the algae Scenedesmus obliquus 
grown in deuterium oxide (142). In the solvent water, 
the reaction of L-protioalanine with pyridoxal was 2.4 
times faster than for L-deuterioalanine, and in deute- 
rium oxide the reaction with L-protioalanine was 2.9 
times faster than with L-deuterioalanine. Lin et al. 
(156) determined the isotope effect in the nonenzym- 
atic transamination of L-glutamic acid. L-Deu- 
terioglutamic acid was isolated from deuterated algae 
as described earlier (142). The reaction with protio- 
glutamic acid was 2.1 times faster than with deuterio- 
glutamic acid. The reaction was found to be general 
acid-base catalyzed. 


Fang et al. (157) investigated the kinetic isotope 
effects in the enzymatic transamination of fully deu- 
terated glutamic acid (isolated from deuterated algae 
hydrolysate), a-deuterioglutamic acid (synthesized 
from protioglutamic acid), and 3,3,4,4-dd-glutamic 
acid (synthesized from fully deuterated glutamic 
acid). The glutamate-oxaloacetate aminotransferase 
enzyme system was employed in the transamination 
reactions. The two compounds with deuterium in the 
a-position showed an isotope effect (VH/VD) of 1.85, 
while the compound having a hydrogen in the a-posi- 
tion and deuterium atoms in the p- and y-positions 
showed an isotope effect (VH~VD)  of 1.26. The latter 
isotope effect was explained in terms of a secondary 
isotope effect where the deuterium atoms of the mol- 
ecule decrease the rate of a-hydrogen elimination, 
the rate-limiting step of the reaction. The data indi- 
cated that the bond to the a-carbon and not the bond 
to the P-carbon is broken during transamination. 


L-Deuteriophenylalanine was isolated from the 
ionic fraction of the cell wall hydrolysate of algae 
grown in a medium containing 99.6% DzO (158). The 
transamination rate of the protio and deuterio ana- 
logs to the corresponding analogs of phenylpyruvic 
acid was compared by using rat brain extract as the 
enzyme system. The deuterium isotope effect ( VH/ 
VD) was found to be 1.64. 


Partially (37%) deuterated DL-phenylalanine was 
used to study the metabolic pathways by which phe- 
nylalanine is converted to tyrosine (159). A normal 
patient, a patient with phenylketonuria, and a pa- 


tient with hyperphenylalaninemia were administered 
doses of 200 mg/kg of deuterated phenylalanine, and 
the deuterium content of the excreted aromatic acids 
was determined. In the healthy subject, the m-hy- 
droxyphenylacetic acid produced by metabolism was 
markedly deuterated, but this was not the case in the 
patient suffering from phenylketonuria. Thus, m- 
hydroxylation of phenylacetic acid in this disease ap- 
pears to be blocked. This was also true for the hyper- 
phenylalaninemic patient. No deuterium was incor- 
porated into the metabolites of tyrosine by patients 
with phenylketonuria and hyperphenylalaninemia. 
That mandelic acid is a product of phenylalanine me- 
tabolism was confirmed in both the healthy as well as 
the phenylketonuric patient. It was suggested that 
another metabolic pathway for phenylalanine degra- 
dation may exist in patients with hyperphenylalani- 
nemia. Some reservation was expressed about the 
conclusions arrived a t  since DL-phenylalanine was 
used in these studies rather than the naturally occur- 
ring L-form. 


Methionine containing a deuteriomethyl group was 
used to study the mechanism of transmethylation in 
biological systems (160, 161). It was shown clearly 
that the methyl group is transferred from methionine 
to choline and creatine in animals. It was further es- 
tablished that the hydrogen atoms of the methyl 
groups do not exchange with the hydrogen atoms of 
the body water and that the methyl group is trans- 
ferred as a unit in the transmethylation process. 


Triggle and Moran (162) investigated the kinetic 
isotope effect involved in the rate of oxidation of a- 
deuteriophenylglycine and a-deuteriotyrosine by L- 
aminooxidase. The synthetic procedures yielded 95% 
deuterium labeling in the a-position. An isotope ef- 
fect ( k ~ / k ~ )  of 1.41 was reported. On the basis of the 
isotope effect, it was clearly established that removal 
of an a-hydrogen is rate determining in the enzymat- 
ic oxidation of tyrosine and phenylglycine. 


Rhodes et al. (163) used L-deuterioglutamic acid 
and L-deuterioaspartic acid, isolated from the ionic 
fraction of the hydrolysate of deuterated algae, as the 
starting compounds in the synthesis of 2,6-dioxo-3- 
phthalimidopiperidine-3,4,4,5,5-d~ and 2,5-dioxo-3- 
phthalimidopyrrolidine-3,4,4-&. Inasmuch as these 
compounds are partially deuterated forms of thalido- 
mide and N-phthalylaspartimide, respectively, and 
because both substances elicit sedative and terato- 
genic activity, the effect of deuterium substitution on 
these activities can be evaluated. Such studies may 
provide information about the mechanism by which 
these agents produce their teratogenic effects. 


SYMPATHOMIMETIC AMINES 


Deuterium oxide had sympathomimetic activity 
when substantial amounts of it replaced the body 
water of mice (164, 165). At the 20% saturation level, 
the animals showed definite signs of sympathomi- 
metic stimulation including exophthalmos and the 
pilomotor reaction. It was suggested that deuterium 
oxide protected the natural sympathetic hormones 
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by delaying their disappearance from the body. 
Fully deuterated dl-epinephrine was synthesized 


in which 90% of the hydrogen atoms were substituted 
with deuterium atoms (166). Injection into a cat pro- 
duced an elevation in blood pressure indistinguisha- 
ble from that resulting from ordinary epinephrine. It 
was concluded that deuteration caused little, if any, 
change in the physiological activity of epinephrine. 


The effect of deuterium substitution in certain 
sympathomimetic amines on their interaction with 
the enzyme monoamine oxidase was studied (167- 
169). (The catecholamines, such as epinephrine and 
norepinephrine, are apparently inactivated primarily 
through 0-methylation rather than through attack 
by monoamine oxidase.) Tyramine was synthesized 
in which the &-hydrogens were replaced with deuteri- 
um atoms. Since tyramine is a good substrate for 
monoamine oxidase, the rate of oxidation by the en- 
zyme should be decreased in view of the fact that 
C-D bond cleavage is involved in the reaction. An 
isotope effect ( k ~ / k ~ )  of 2.3 for the oxidation was ob- 
served. The magnitude of the pressor response, as 
noted in cats given barbiturates, was about the same 
for both compounds, but the duration of effect (pres- 
sor area) was twice as prolonged for the dideuterio 
compound. The magnitude and duration of nictitat- 
ing membrane contractions were likewise twice as 
large for the deuterated derivative. No difference in 
pressor response was noted when 1-a-dideuterionore- 
pinephrine was compared with 1-norepinephrine, in- 
dicating that a t  the effector cell level norepinephrine 
is probably not attacked by monoamine oxidase. 


The stereospecific nature of the observed isotope 
effects was also studied. On the basis of a three-point 
contact between substrate and enzyme or receptor 
site, only one enantiomeric form of a-monodeuter- 
iotyramine (V) should be responsible for the isotope 
effect noted with dideuteriotyramine. Both optical 
isomers were prepared by enzymic decarboxylation of 
tyrosine. I n  vitro studies with liver monoamine oxi- 
dase showed one optical isomer to be 2.3 times as re- 
active as the other, a ratio similar to that of the iso- 
tope effect noted when the dideuterio compound was 
compared to the protio form. This clearly demon- 
strates that the two a-hydrogens in tyramine are not 
equivalent for the enzyme, and that the observed re- 
sults are explainable in terms of a three-point contact 
between substrate and enzyme. The stereospecificity 
of the isotope effect was also demonstrated from the 
effects on arterial pressure and nictitating membrane 
contraction. Belleau et al. (167-169) claimed these 
studies to be the first pharmacological ones in which 
conclusions about mechanism were based on kinetic 
isotope effects. These studies have indeed provided 
significant information on certain aspects of the 
mechanism of adrenergic activity not readily attain- 
able through more conventional methods. 


The effect of deuterium substitution a t  the carbon 
alpha to the amine group in the substrate kynuram- 
ine on the kinetics of oxidation by monoamine oxi- 
dase was examined (169, 170). A primary isotope ef- 
fect of 2.1 ( k ~ l k ~ )  was obtained, which is comparable 
to the isotope effect reported for the corresponding 
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tyramine compounds as previously noted. Also stud- 
ied was the effect of deuterium atoms at  the carbon 
beta to the amine group in kynuramine. In this case 
there was a reduction in the rate of oxidation by 
monoamine oxidase, with a secondary deuterium iso- 
tope effect of 1.18. The ratio of the Michaelis con- 
stants for a-d2-kynuramine to kynuramine (KmD/ 
KmH)  was 3.0, while the Michaelis constant for the 
,&dz-kynurarnine was identical to that for kynuram- 
ine. The a-dz compound apparently forms a weaker 
complex with monoamine oxidase, whereas the &d2 
compound is bound by the enzyme to about the same 
extent as kynuramine. 


The deuterium isotope effect on the enzymatic 
deamination of /-amphetamine was studied (171). 
This process appears to be the major metabolic path- 
way for amphetamine in rabbits, dogs, and humans. 
Oxidative deamination studies were performed in 
vitro on 1-amphetamine containing a deuterium on 
the a-carbon atom by following the substrate concen- 
tration in the enzymatic reaction with microsomal 
enzymes in a rabbit liver homogenate. Relative rates 
of metabolism of the protio and deuterio forms of 
amphetamine were determined by simultaneous in- 
cubations under identical conditions. The ratio of ap- 
parent rate constants ( k ~ l k ~ )  based on initial veloci- 
ties was found to be 2.0 f 0.3. Since cleavage of a car- 
bon-hydrogen bond is involved in the deamination 
process and since this step of the reaction is rate lim- 
iting, a significant deuterium isotope effect was not 
unexpected. 


Deuterium isotope effects on the metabolism of 
amphetamine and N-substituted amphetamines were 
studied in humans (172, 173). When the excretion 
rate of a-deuterio-d-amphetamine was compared 
with that of its protio analog, a small, but not quanti- 
tatively determined, deuterium isotope effect was ob- 
served. Larger isotope effects were noted in the dex- 
tro-isomers of the N-alkyl-substituted amphetamines 
than in the leuo-forms. 


Deuterium-labeled amphetamine, p-methoxyam- 
phetamine, and a-methyltyramine were synthesized 
primarily for use as internal standards in GC-mass 
spectrophotometric procedures for the analysis of 
amphetamine and its metabolites (174). These com- 
pounds were variously labeled with deuterium in the 
alkyl side chain attached to the phenyl group. Deute- 
rium-labeled phentermine (2-methyl-1-phenylisopro- 
pylamine) was synthesized in which the 2-methyl 
group was fully deuterated (175). The labeled com- 
pound was prepared specifically for use in compara- 
tive metabolic studies with amphetamine, as suggest- 
ed in the previous paper. Further reference to the 
metabolic studies will be made in the section on 
Bioanalytical Applications. 


V d .  64, No. 3, March 197.5 13x3 







D MISCELLANEOUS DEUTERATED COMPOUNDS OF 
BIOLOGICAL IMPORTANCE 


A number of deuterated drugs and related prod- 
ucts will be considered here since they do not fit ap- 
propriately into any of the categories of drugs already 
covered. 


In the section on amino acids, it was noted that 
some amino acids and monosaccharides were isolated 
from the hydrolysate of the algae Scenedesmus obli- 
quus grown in a medium containing 99.6% DzO (142). 
The sugars were fractionated from the nonionic frac- 
tion of the hydrolysate on a cellulose chromatograph- 
ic column. Fully deuterated mannose and glucose 
were isolated and purified in greater than gram 
amounts, and some of their properties were studied. 
These sugars have been incorporated into deuterated 
nutrient media used for the culturing of organisms 
that elaborate natural products of therapeutic value. 
The sugars have been used in mechanistic studies of 
the biosynthesis of highly deuterated drugs including 
penicillin (117), griseofulvin (107), clavine alkaloids 
(127), and riboflavin (176). 


Li et  al. (177) studied the primary and secondary 
deuterium isotope effects on the rate of mutarotation 
of fully deuterated glucose and mannose. The de- 
crease in the rate of mutarotation observed in deute- 
rium oxide was attributed to a primary isotope effect 
arising from the breaking and reforming of 0-H and 
0-D bonds, and a secondary isotope effect was at- 
tributed to the C-D bonds in the molecule that were 
responsible for a further decrease in the rate of mu- 
tarotation. 


GLC was used to separate fully deuterated from 
protio carbohydrates (178). Complete separation of 
glucose and glucose-& was reported. Other carbohy- 
drate mixtures were only partially separated. 


A number of fully deuterated fatty acids from S. 
obliquus cultured in heavy water were isolated and 
characterized (179). The fatty acid composition of 
the total lipids and of individual lipid classes was de- 
termined. The fatty acids, as their methyl esters, 
were characterized by GLC and mass, IR, and 'HMR 
spectroscopy. Rohwedder et  al. (180) determined the 
composition of the fatty acid fraction obtained from 
the deuterated algae S. obliquus and assigned the JR 
spectra of the fatty acids. McCloskey et  al. (181) 
studied the GC and mass spectrometric properties of 
fully deuterated fatty acids obtained from the same 
deuterated algae source. 


Zoxa'zolamine, 2-amino-5-chlorobenzoxazole, is a 
muscle relaxant metabolized by ring hydroxylation at 
C-6 to yield 2-amino-5-chloro-6-hydroxybenzoxazole. 
Dideuteriozoxazolamine-4,6-d~ (VI) was synthesized, 
and the lHMR spectral data were used to establish 
the exact structure of the compound (182). From i n  
uiuo studies, it was concluded that there was no iso- 
tope effect on the duration of paralysis in rats after 
drug administration, since the behavior of ordinary 
and dideuteriozoxazolamine was not significantly dif- 
ferent. I n  uitro metabolic studies were conducted 
with liver microsomes. The deuterated compound 
was metabolized more slowly than the protio com- 


H 
VI: zoxazolamine-4,6-d2 


pound (k&D = 1.4). The isotope effect may be due 
to a lower affinity of the deuterated compound for 
the degradative enzyme or to a slower cleavage rate 
of the C-D bond compared to the C-H bond. No 
explanation for the absence of a difference in the du- 
ration of paralysis between the two forms of zoxa- 
zolamine was advanced despite a difference in the i n  
vitro degradation rates by the liver microsomes. 


0-Demethylation is an oxidative reaction catalyzed 
by the liver microsomes in drug detoxification. The 
effect produced on the enzymic demethylation of o- 
nitroanisole when the hydrogens of the 0-CH3 
group were replaced with deuterium atoms was stud- 
ied (183). Because the rupture of carbon-hydrogen 
bonds is involved in the demethylation process, a 
deuterium isotope effect should be evident if this 
step in the reaction is rate limiting. On the basis of 
the rate of formation of the reaction products, a deu- 
terium isotope effect ( k ~ / k ~ )  of about 2 was noted. 
This primary isotope effect could also account for a 
lowered Michaelis-Menten constant, and a KmDIKmH 
of 0.4 was indeed observed. However, considering the 
complexity of the enzyme system (liver microsomes), 
a straightforward interpretation of the change in K ,  
is not possible. 


Marcucci et al. (184) investigated the effect of deu- 
teration on the anticonvulsant activity of N-de- 
methyldiazepam (7 -chloro- 1H- 5-phenyl- 1 ,4-benzodi- 
azepin-2-one), a major metabolite of diazepam with 
pharmacological properties similar to the parent 
compound. I n  uiuo, N-demethyldiazepam is hydrox- 
ylated in the C-3 position to form oxazepam, which 
accumulates in the brain and is responsible for the 
anticonvulsant activity of the parent compound. I n  
uitro, oxidation to the hydroxyl derivative is effected 
by the liver microsomal system. 


Deuterated N-demethyldiazepam. (VII) was syn- 
thesized in which two deuterium atoms were intro- 
duced into the C-3 position. If cleavage of the car- 
bon-hydrogen bond in the oxidative process is rate 
limiting, then deuteration would be expected to af- 
fect the metabolism and pharmacological activity in 
mice. I n  uitro studies revealed that the deuterated 
form oxidized at  a slower rate to form oxazepam than 
did the protio form of N-demethyldiazepam. I n  viuo 
studies in mice indicated that the anticonvulsant ac- 


VII: N -demethyldiazepam- d ,  
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tivity was reduced from 20 to 5 hr for the deuterated 
compound and that the ED50 was increased from 198 
pg/kg for the protio compound to 288 pglkg for the 
deuterated analog. The decreased activity of the deu- 
terated compound is apparently due to a decreased 
accumulation of the hydroxylated derivative, oxaze- 
Pam, in the brain of the mice because of the reduced 
rate of oxidation of the parent deuterated compound. 
It was concluded that decreased oxazepam formation 
in the case of deuterated N-demethyldiazepam may 
arise from one of the following causes: (a)  a reduced 
rate of cleavage of the carbon-deuterium bond, ( b )  a 
lower affinity for the active enzyme site, or ( c )  the 
formation of a more stable complex with the enzyme. 


Hydroxylating enzymes present in liver micro- 
somes play an important role in the detoxification of 
foreign organic compounds. In the conversion of acet- 
anilide to p-hydroxyacetanilide by rabbit liver micro- 
somes, molecular oxygen was incorporated by the mi- 
crosomes into the hydroxyl group of p-hydroxy- 
acetanilide (185). The rate of hydroxylation of pen- 
tadeuterioacetanilide was compared to that of ordi- 
nary acetanilide to determine whether the breaking 
of a carbon-hydrogen bond was rate limiting in the 
microsomal hydroxylation of acetanilide (186). The 
ratio, k & ~ ,  turned out to be unity, indicating the 
absence of any deuterium isotope effect and suggest- 
ing that cleavage of the carbon-hydrogen bond is 
not rate limiting. The slow step in the reaction may 
instead be the incorporation of molecular oxygen in 
the para-position or possibly the fixation of oxygen 
by the enzyme. 


Hydroxylation of p-deuterioacetanilide by the hy- 
drolase enzymes in rabbit liver microsomes formed 
m-deuterio-p-hydroxyacetanilide (187). The en- 
zyme-catalyzed aromatic hydroxylation appears to be 
accompanied by a stepwise migration of the group 
(deuterium in this instance) displaced by the hydrox- 
yl. While a mechanism for the reaction was postula- 
ted, possible kinetic isotope effects were not consid- 
ered. 


BIOANALYTICAL APPLICATIONS 


Methods-Stable isotopes, particularly deuteri- 
um, are proving useful as tracers for drug distribu- 
tion and metabolism studies. The many advantages 
of stable isotopes for these purposes include the ab- 
sence of possible radiation hazards, especially impor- 
tant where children and pregnant women are con- 
cerned. Simpler procedures and precautions are re- 
quired during the synthesis and the general handling 
of compounds enriched with stable isotopes. In addi- 
tion to deuterium, I3C, 15N, and l80 are useful stable 
isotopes for such studies. Deuterium and 13C offer 
the additional advantage over radioactive tritium 
and 14C of smaller mass differences as compared to 
the more abundant natural isotopic form. A smaller 
mass difference leads in general to a smaller kinetic 
isotope effect and therefore to a smaller perturbation 
in the data obtained from tracer experiments. In the 
case of nitrogen and oxygen, of course, there are no 
radioactive species of sufficiently long half-life for 


use as tracers or labels. 
A major deterrent to more extensive use of stable 


isotopes for tracer studies has been the lack of suit- 
able instrumentation that provides for simple, sensi- 
tive, specific, and reasonably inexpensive methods of 
quantitation. These considerations are particularly 
important where low concentrations of labeled mole- 
cules are involved. For radioactive labels, of course, 
there are convenient, inexpensive, and sensitive 
methods for detection of emitted radiation; these 
methods permit detection of labeled drugs or metab- 
olites a t  the picogram concentration level. Because of 
concern over possible radiation hazards, however, ra- 
dioactive isotopes are generally not used for in vivo 
metabolic studies. Radiometric procedures also lack 
specificity, because the isotope content in a sample is 
usually measured without regard to the way in which 
it is incorporated. 


The use of stable isotopes for the quantitative de- 
termination of compounds can be based on an isotope 
dilution analysis technique, which is more commonly 
used with radioactive isotopes. Stable isotopes were 
first used in this manner by Rittenberg and Foster 
(188) who employed I5N-labeled amino acids for the 
determination of glycine, glutamic acid, and aspartic 
acid in fibrin hydrolysates and deuterium-labeled 
fatty acid for the determination of palmitic acid in 
rat fat. Isotope ratios of the isolated and purified 
compounds were determined by mass spectrographic 
analysis after combustion. 


The development of GC-mass spectrometry-alter- 
nating voltage acceleration instrumentation has 
greatly simplified this procedure and has made possi- 
ble the application of stable isotope dilution analysis 
to intact molecules. The need for isolation, purifica- 
tion, and combustion has been largely eliminated. 
Numerous applications of this technique to the de- 
termination of drugs and their metabolites have ap- 
peared in the literature in recent years. Some of these 
applications have already been mentioned, and addi- 
tional ones will be noted briefly here. 


The mass spectrometer is perhaps the most suit- 
able instrument for the detection of stable isotopes. 
However, complicated separation and purification 
procedures are usually required for mass spectromet- 
ric analysis, and poor yields frequently result. A tech- 
nique has been developed which combines the high 
resolving power of GC and the sensitivity and specific 
ion-detecting ability of the mass spectrometer, thus 
simplifying considerably the problems encountered 
previously with mass spectral analysis. GC-mass 
spectrometry has found wide application in the qual- 
itative identification of drugs (189), especially where 
small quantities of drugs and metabolites may be in- 
volved. The use of stable isotopes in clinical pharma- 
cology, particularly as tracers for drug distribution 
and metabolism studies, were reviewed (32). 


A modification of the GC-mass spectrometry tech- 
nique, referred to as “mass fragmentography,” was 
introduced in 1968 (190) for the identification of 
chlorpromazine and some of its metabolites in human 
blood. The use of a multiple-ion detector accessory 
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with a gas chromatograph-mass spectrometer per- 
mits the mass spectrometer to serve as a sensitive, se- 
lective, and molecule-specific GC detector. Molecular 
species in the picogram range have been detected 
with this procedure. Specific ions and fragments 
formed by the compound of interest that elute from 
the gas chromatograph and enter the mass spectrom- 
eter can be conveniently monitored. The mass spec- 
trometer detector selectively monitors only com- 
pounds yielding fragments at  preselected mass num- 
bers, so the complete mass spectrum need not be 
scanned. 


The use of an alternating voltage accelerator was 
introduced into the mass spectrometer system, per- 
mitting continuous monitoring of the intensity of 
several ions or fragments (191). Thus, the composi- 
tion of certain unresolved or partially resolved 
mixtures in GC effluents can be determined. Two 
mass numbers were used in determining the composi- 
tion of a mixture of glucose and glucose-d7 that was 
rendered volatile by formation of the penta-O-tri- 
methylsilyl derivatives. Samples as small as 0.1 pg 
could be conveniently analyzed. Mixtures of epian- 
drosterone and dehydroepiandrosterone were deter- 
mined with as little as 20 ng of the compounds. 


Hammar et al. (190) were apparently the first to 
apply mass fragmentography to the characterization 
of drugs and their metabolites. They pointed out the 
extensive possibilities offered, particularly since 
modern drugs generally have known structures and 
synthetic analogs containing stable isotope labels are 
readily available. When mass numbers are employed 
for continuous monitoring, the peak areas obtained 
are proportional to the abundance of the fragment in 
question and are therefore applicable for quantita- 
tion. This system of analysis is generally referred to 
as GC-mass spectrometry-alternating voltage accel- 
eration, and instrumentation with this capability is 
commercially available. 


Several variations in the labeling techniques are 
utilized. In drug metabolism studies, labeled drug 
may be added prior to extraction, derivatization, and 
analysis. This technique of adding a “carrier” com- 
pound prior to GC corrects for error introduced as a 
result of processing tissue samples. This procedure 
requires the addition of a relatively large quantity of 
a carrier compound that possesses chemical and 
physical properties similar to the compound of inter- 
est. 


Deuterated analogs are ideal carriers. Deuterium is 
the least expensive of the commonly used stable iso- 
topes and is available in the widest variety of com- 
pounds; it is readily introduced into compounds by 
the usual synthetic methods. Gaffney et al. (192) de- 
scribed the use of “internal standards” labeled with 
stable isotopes that correct for losses of the com- 
pound under study during the GLC treatment of the 
sample. With the mass spectrometer as the detector 
for the GLC effluent, chemical differences between 
the compound being determined and the internal 
standard are not necessary, because mass differences 
alone are sufficient to discriminate between the com- 
pound and the standard. 


The ideal internal standard is the actual com- 
pound under investigation modified to contain an in- 
creased mass by the introduction of a stable isotope 
in appropriate molecular positions. Quantitation de- 
pends on a comparison of the response of the mass 
spectrometer at two masses, one mass characteristic 
of the internal standard and the other characteristic 
of the substance being analyzed. Cho et al. (193) 
noted that since internal standards are isotopic vari- 
ants of the compound being studied, fragmentation 
patterns and retention times will be essentially iden- 
tical. 


I t  is desirable for the standard to have more than 
one labeled atom. The masses of the fragment ions 
selected for measurements could therefore differ by 
perhaps 2 or 3 mass units. Knapp et al. (194) devel- 
oped the technique of using stable isotopes for intro- 
ducing visually conspicuous mass spectral “isotope 
clusters” into drug molecules as labels or markers. 
They prepared trideuterium-labeled nortriptyline, in 
which the three hydrogen atoms attached to the N -  
methyl group were replaced with deuterium atoms. 
An M, M + 3 doublet was created by an equimolar 
mixture of the labeled and nonlabeled drug, and this 
mixture was used for following the fate of the drug 
and its metabolic products. The drug and any of its 
metabolites retaining the labeled moiety showed an 
M, M + 3 doublet in the mass spectrum for the mo- 
lecular ion and any fragment ions containing the la- 
beled moiety. The concept of multiple deuterium la- 
beling has been applied in sequence analysis of pro- 
teins by mass spectrometry (195,196). 


Applications Involving Deuterated Drugs- 
Chlorpromazine and several of its metabolites have 
been identified in human blood (190). Desmethyl- 
chlorpromazine and didesmethylchlorpromazine 
have been identified in plasma and in red blood cells 
after treatment with P-glucuronidase. 2-Chlorophe- 
nothiazinylpropionic acid was identified in plasma 
after treatment with P-glucuronidase. 


The metabolic pathways of deuterated tyrosine 
and leucine were studied in human subjects (197). 
Healthy controls and patients suffering from certain 
metabolic disorders were administered oral doses of 
3,5-dideuterio-l-tyrosine and dl-deuterioleucine (ap- 
parently a trideuterio-derivative). The urine was col- 
lected and examined for amino acid metabolites 
using GC-mass spectrometry. In three mentally re- 
tarded patients, high concentrations of deuterated 
hippuric acid and benzoic acid were detected after 
orally loading the patients with deuterated tyrosine. 
No isotopic labeling of either acid was found in nor- 
mal subjects after loading with deuteriotyrosine. 


Deuterated 3-hydroxyisovaleric acid was detected 
in a patient with suspected “sweaty feet syndrome” 
after oral administration of deuterated leucine. This 
compound is excreted in increased amounts in pa- 
tients with the metabolic defect involving leucine 
degradation (P-hydroxyisovalericacidemia). The sig- 
nificance of stable isotope labeling and GC-mass 
spectrometry detection technique in studying meta- 
bolic pathways in vivo was emphasized, particularly 
in patients with metabolic defects. 
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Three variously deuterium-substituted amphetam- 
ines were synthesized and evaluated for use as inter- 
nal standards in the GC-mass spectrometry assay for 
the quantitative determination of amphetamine in 
biological fluids (193). Because of their desirable 
GLC and mass spectral properties, the trifluoroacetic 
acid amide derivatives were used. 


A procedure based on GC-mass spectrometry was 
developed for the quantitative determination of pros- 
taglandin El  (PGEI) as the methyl ester and O-meth- 
yl oxime (methoxime) derivative (198). The same de- 
rivative was used as a deuterated carrier, except that 
the methyl of the methoxime contained three deute- 
rium atoms. The ions at  m/e 470 and 473, produced 
by electron impact on the effluent, were monitored. 
The method was sensitive at  the nanogram level. 


Axen et al. (199) reported the GC-mass spectrom- 
etry determination of prostaglandins E2 and Fza, 
which permitted the determination of picomole 
amounts. The corresponding tetradeuterio (3,3,4,5- 
d4) derivatives were synthesized and served as deute- 
rium-labeled carriers. This method is sufficiently 
sensitive and specific to be useful for the analysis of 
plasma prostaglandins and for studies involving en- 
zymatic synthesis of prostaglandins in vitro from en- 
dogenous precursors. 


The simultaneous microestimation of choline and 
acetylcholine was reported using GC-mass spectrom- 
etry (200, 201). The corresponding compounds con- 
taining nine deuterium atoms in the N-methyl 
groups served as internal standards and carriers. 
This procedure permitted the quantitative determi- 
nation of 1 pmole or less of compound. 


A very sensitive and specific assay for 5-hydroxyin- 
dole-3-acetic acid in human cerebrospinal fluid was 
reported based on GC-mass spectrometry analysis of 
the diheptafluorobutyryl methyl ester derivative 
(202). The two major ions (mle 538 and 597) of the 
mass spectrum were monitored after elution from the 
chromatographic column. The dideuterium-labeled 
5-hydroxyindole-3-acetic acid was synthesized and 
served as an internal standard for the quantitation of 
5-hydroxyindole-3-acetic acid in cerebrospinal fluid. 
An analysis required less than 2 min and permitted 
an accurate determination of 5-hydroxyindole-3-ace- 
tic acid in the range of 2-50 ng/ml of cerebrospinal 
fluid when 2 ml of cerebrospinal fluid was taken for 
analysis. In the 8-20-ng/ml range, the standard de- 
viation for the method was less than 7%; it was 1-2% 
at higher levels of 5-hydroxyindole-3-acetic acid. 


Deuterated nortriptyline was used as an internal 
standard for unlabeled nortriptyline (192, 194). In 
the synthesis of the labeled molecule, two deuterium 
atoms were introduced into the side chain as 
-CHCH2CD2NHCH3 (the M + 2 amu compound). 
The trifluoroacetate derivative was prepared by 
treatment with trifluoroacetic anhydride. Equimolar 
mixtures of the nortriptylines at the 50-100-pg con- 
centration level were used for producing mass frag- 
mentograms of nortriptyline trifluoroacetate (M = 
232) and nortriptyline trifluoroacetated2 (M = 234). 
Mass fragmentograms of extracts of human plasma 
samples. containing nortriptyline and its deuterated 


0 


VIII: propoxyphene (variously labeled) 


analog were also obtained. Elution and resolution of 
the two compounds were quite satisfactory. 


The stable isotope labeling technique was used to 
identify the metabolites of nortriptyline in human 
urine and bile (203). The trideuterium derivative was 
prepared in which the three deuterium atoms were 
located in the N-methyl position. A single 25-mg oral 
dose containing an equimolar mixture of the deuter- 
ated and unlabeled nortriptylines was administered 
to adult humans. By mixing stable isotope-labeled 
and unlabeled drugs, an artificially created isotopic 
doublet (M, M + 3) was produced, which served as a 
conspicuous spectral marker for identifying drug me- 
tabolites in urine and bile. Urine extracts treated 
with trifluoroacetic anhydride were examined by 
GC-mass spectrometry, and the parent drug and any 
metabolites retaining the labeled moiety were readily 
identified by the presence of the doublet. Mass frag- 
mentography was successfully employed where me- 
tabolites were present in quantities insufficient for 
ordinary mass spectral scanning. 


On the basis of the essentially equal intensity of 
the artificially created doublet, the following were 
identified in urine: unchanged nortriptyline and the 
desmethyl, 10-hydroxy, and 10-hydroxydesmethyl 
derivatives of nortriptyline. The same compounds 
were also identified in human bile in the same rela- 
tive amounts as found in urine. The advantages and 
further possibilities of the mass fragmentography 
technique in drug metabolism studies were empha- 
sized. The small dose requirement and the absence of 
radiation hazards associated with the use of radioac- 
tive isotopes make stable isotope labeling particular- 
ly attractive for studies involving children and preg- 
nant women. 


Clarke and Foltz (204) used morphine, in which 
the N-methyl group contained three deuterium 
atoms, as a carrier and as an internal standard for de- 
termining low morphine levels in human urine by the 
reverse isotope dilution technique. The deuterated 
morphine exhibits mass spectral fragments 3 amu 
higher than those for morphine. The labeled mor- 
phine was added to the urine prior to the extraction 
process, and the morphine content of the urine sam- 
ple was determined from the ratio of ion current 
peaks corresponding to the nonlabeled morphine and 
the added carrier-labeled morphine. The method was 
sensitive to the nanogram concentration level. 


The biotransformation of propoxyphene in hu- 
mans was studied (205, 206) using variously deuteri- 
um labeled forms (VIII) of the drug: (a)  propoxy- 
phene-d2, in which one N-methyl group was replaced 
by the N-CD2H group; ( b )  propoxyphene- 
d3, in which the methyl group of the propionyl func- 
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IX: diazoxide-d, 


tion was replaced by CD,; and (c) propoxyphene-d7, 
in which all the hydrogens of the benzyl group were 
replaced with deuterium. In this study, mixtures of 
the unlabeled drug and the deuterium-labeled form 
were used to create isotope clusters in the mass frag- 
mentation patterns. These clusters served as tags for 
identifying the parent drug and drug metabolites in 
complex mixtures containing endogenous compo- 
nents such as tissues and body fluids. 


The labeled drug was administered orally to 
human subjects as a 1:l mixture with unlabeled drug. 
Urine samples were extracted and the extracts were 
analyzed by GC-mass spectrometry. Drug metabo- 
lites in the mixture were detected by analyzing the 
fragmentation pattern of each component for the 
presence of M, M + 2; M, M + 3; and M, M + 7 dou- 
blets. Analysis was also performed on the fragmenta- 
tion patterns obtained from urine extracts of subjects 
administered only unlabeled or labeled drug. In addi- 
tion to unmetabolized drug, the following metabolites 
were identified: norpropoxyphene, dinorpropoxy- 
phene, propoxyphene carbinol, norpropoxyphene 
carbinol, dinorpropoxyphene carbinol, hydroxypro- 
poxyphene, hydroxynorpropoxyphene, and 6-phenyl- 
6- benzyl- 2 -ethyl -5,6-dihydro- 5-methyl-4H- 1,3-oxa- 
zine. 


The concentration of N,N-dimethyltryptamine in 
human plasma was estimated by stable isotope dilu- 
tion analysis (207). N,N-Dimethyltryptamine is a 
psychotomimetic agent which, along with related 
methylated indoleamines, has been identified in the 
blood and urine of schizophrenics. However, a caus- 
ative role in mental disease has not been established. 
Dideuterio-N,N-dimethyltryptamine was synthe- 
sized in which the two deuterium atoms were located 
on the carbon alpha to the indole ring. Dideuterio- 
N,N-dimethyltryptamine served as a carrier and was 
added to the plasma at  the beginning of the isolation 
procedure. It also served as an internal standard in 
the quantitation step of the GC-mass spectrometry 
analysis for N,N-dimethyltryptamine in the isolate. 
The sensitivity limit was 0.5 f 0.2 ng/ml of plasma. 


A stable isotope dilution and mass fragmentogra- 
phy assay was used in pharmacokinetic studies with 
diazoxide, an antihypertensive and hyperglycemic 
agent (208). Diazoxide-d3 (IX) was synthesized, in 
which the three deuterium atoms were located in the 
methyl group attached to the ring system. This com- 
pound served as a carrier and internal standard for 
determining plasma concentrations of the drug. The 
sensitivity of the procedure was reported to be about 
1 nglsample. The plasma half-life of the drug ranged 
between 20 and 53 hr in four adult patients. 


Hofmann et al. (209) synthesized deuterium-sub- 
stituted bile acids. A stable isotope dilution tech- 


nique was developed for determining the bile acid 
pool size which required only 10 mg of deuterium- 
labeled bile acid. In patients with cholesterol gall- 
stones, the gallbladder was found to be supersaturat- 
ed with cholesterol while the amount of circulating 
bile acids was generally lower than normal. This find- 
ing was confirmed in 60 patients with gallstones. 


CONCLUSION 


An impressive number of drugs have been synthe- 
sized or biosynthesized that are variously substituted 
with deuterium; while they have not found applica- 
tion in drug therapy, they are being used to study the 
mechanism of drug action, to elucidate metabolic and 
biosynthetic pathways, and to study kinetic isotopic 
effects. Deuterated drugs labeled in specific molecu- 
lar positions are proving invaluable in drug distribu- 
tion and metabolism studies. Mass fragmentography 
makes good use of deuterated drugs for the detection 
of specific ions and molecular fragments representa- 
tive of metabolic products present in the body fluids 
a t  extremely low concentrations. 


Heavy water is employed as a routine diagnostic 
agent for measuring total body water and shows 
promise as a contrast medium in certain biomedical 
applications of neutron radiography. Some studies 
have indicated that heavy water inhibits tumor 
growth but, unfortunately, the concentrations re- 
quired are not well tolerated by the host. 


The toxicological effects resulting from extensive 
deuteration in mice, rats, and dogs have been de- 
scribed. In intact mammals the magnitude of deuteri- 
um toxicity appears mainly to be independent of the 
size of the animal. It appears that up to 15% deuteri- 
um replacement can be tolerated by mammals, but 


’ severe toxic effects and even death result when the 
level exceeds 30%. The physiological effects of deu- 
teration on numerous specific organs and body func- 
tions have been thoroughly studied, including the ef- 
fects on liver activity, kidney function, blood constit- 
uents, enzyme systems, reproductive capacity and 
cell division, the heart, the .nervous system, metabo- 
lism, and even the wound-healing process. 


A variety of unicellular microorganisms has been 
cultured in a fully deuterated environment. However, 
higher plants show a graded response to 2H20, with 
60-70% the maximum level tolerated in the nutrient 
medium. A primary effect of deuteration appears to 
be suppression of the production of such important 
natural products as alkaloids and antibiotics. How- 
ever, the problem has been circumvented to some ex- 
tent by using replacement culture techniques. 
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BOOKS 


REVIEWS 
Advances in Drug Research, Volume 7. Edited by N. J. HAR- 


PER and ALMA B. SIMMONDS. Academic, 111 5th Avenue, 
New York, NY 10013,1973.231 pp. 15.5 X 23 cm. Price $15.50. 
The latest volume in this series consists of three chapters; one 


reviews the latest research on penicillin antibiotics, another de- 
scribes work to date on fibrinolysis, and the final chapter is a re- 
view of psychotomimetic agents. The chapters in each case reflect 
the primary interests of the individual authors, their backgrounds 
being chemist, clinician, and pharmacologist, respectively. How- 
ever, in all cases the importance of the multidisciplinary approach 
to drug research is apparent. 


The first chapter in the book, “Advances in Penicillin Re- 
search,” by J. H. C. Nayler is an updating of the review on penicil- 
lins and related structures published in the first volume of this se- 
ries and covers work done between the years 1963 and 1973. The 
newer preparative procedures for semisynthetic penicillins are re- 
viewed and the chemical properties of penicillins are discussed ex- 
tensively. This discussion is divided into reactions a t  the fl-lactam 
ring, the carboxyl group, sulfur atom, amino group, and the C6 po- 
sition. There are brief sections on the mechanism of action of peni- 
cillins and the problem of bacterial resistance to these agents. A 
major section of the chapter is concerned with antibacterial activi- 
ty in relation to structure and will be of particular interest to the 
medicinal chemist. The section concerned with behavior of penicil- 
lins in uiuo will be pertinent to a broad spectrum of pharmaceuti- 
cal scientists since it considers the distribution, elimination, and 
absorption of penicillins along with a brief discussion of various 
prodrugs which have been prepared and utilized clinically. .The 
final section of the chapter deals with hypersensitivity reactions 
and means of modifying or possibly eliminating this phenomenon. 
As noted, the data reported in this review are basically from the 
years 1963 to 1973 and are documented with over 300 references. 


The second chapter is written by a clinician, G. R. Fearnley, and 
describes the relatively little studied process of fibrinolysis. This 
chapter is clearly written and presents an excellent overview of the 
phenomenon of fibrinolysis. The chapter begins with the history of 
the development of studies on fibrinolysis and proceeds to adescrip- 
tion and definition of the components of this phenomenon and of 
the experimental techniques currently used in studies of fibrinoly- 
tic activity. Physiology of fibrinolytic activity and factors influenc- 
ing it along with possible mechanisms are described and the im- 
portance of fibrinolysis in occlusive vascular disease is discussed. A 
most important area discussed, of interest to researchers in the 
pharmaceutical sciences, is the pharmacological enhancement of 
fibrinolytic activity. .In uitro and in vivo tests for fibrinolytic activ- 
ity are discussed in this section along with correlation as well as 
lack of correlation observed. In addition, the various chemicals 
studied and tested clinically for enhancement of fibrinolysis are 
described. A discussion of pharmacological inhibition of fibrinoly- 
tic activity and the effect of pathological fibrinolysis along with a 
description of known antifibrinolytic drugs is also included. 


The final chapter in the book, “Psychotomimetic Drugs; Bio- 
chemistry and Pharmacology” is contributed by R. W. Brimble- 
combe. Psychotomimetic drugs are defined as “substances which 
will consistently produce changes in thought perception and mood 
occurring alone or in concert without causing major disturbances 
in the autonomic nervous system or other serious disability.” The 
author classifies the psychotomimetic drugs into four types: (a) 
sympathomimetic amines, (b) antiacetylcholine drugs, (c) Canna- 
bis and cannabinoids, and (d) miscellaneous. Drugs in each of the 
first three categories are described along with the in viuo responses 
observed in each instance. In addition, in the case of the antia- 
cetylcholine and Cannabis and cannabinoid drugs structure-activ- 
ity relationships which have been developed are also included. The 
final section is concerned with the biochemical and pharmacologi- 
cal actions of the drugs in each class and their mechanism of ac- 
tion. 


This volume presents the information on the topics covered in a 
broad and interesting manner and should be of value to pharma- 
ceutical scientists. 


Reviewed by John W. Poole 
Wyeth Laboratories, Znc. 
Philadelphia, PA 19101 


The Suppository. By B. R.. GUILLOT and A. P. LOMBARD. 
Maloine S. A., 27, rue de 1’Ecole de Medecine, 75006 Paris, 
France, 1973.143 pp. 16.5 X 24 cm. 
“The Suppository” is a multiauthor paperback printed on glossy 


paper. The style and editorial arrangement of the booklet are a t  
times less than perfect, but perhaps, this is to be anticipated in the 
first English edition. In reading the booklet one has the impression 
of having read a company brochure. The photographs and figures 
are good and numerous. 


The first section of the booklet introduces and defines the role 
of the suppository in modern medicine, discusses the manufacture 
of semisynthetic glycerides, and illustrates some applications of 
chromatography to the investigation of glycerides. The crystallog- 
raphy of fats and the polymorphism of fats are discussed in an in- 
teresting manner under separate headings. 


In the sections on manufacture and control the relation of the 
department of galenical pharmacy to other departments in a phar- 
maceutical firm is described in terms of product design, adjuvants, 
variations, and formulations. The manufacture of suppositories is 
classified as manual, semiautomatic, and automatic production. 
Detailed floor plans, personnel, photographs, and sources of Euro- 
pean equipment are given. Difficulties encountered in manufactur- 
ing, control methods, and packaging complete the section on man- 
ufacturing. 


The remainder of the booklet covers toxicity and tolerance of 
suppositories and the physiology of the rectum. Some in vitro ap- 
paratus for testing suppositories are diagrammed. Some aspects of 
formulation on bioavailability are summarized, and specific exam- 
ples are erythromycin, aminosalicylic acid, eserine (physostig- 
mine), and sulfisoxazole. 


“The Suppository” is a specialized booklet of interest to phar- 
macists engaged in suppository production and to those who desire 
a complete reference library. 


Reviewed by Eugene L. Parrott 
College of Pharmacy 
University of Iowa 
Iowa City, I A  52242 


A Chemist’s Guide to  Regulatory Drug Analysis. By DANIEL 
BANES. Association of Official Analytical Chemists, Box 540, 
Benjamin Franklin Station, Washington, DC 20044, 1974. vi + 
133 pp. 15 X 23 cm. Price $7.00. 
The laboratory duties of a chemist involved in regulatory drug 


analyses are performed not in isolation but within the framework 
of current activities and legal restraints of the regulatory body as a 
whole as well as in relationship to official and reference informa- 
tional sources. In this book, the author explores these interrela- 
tionships and, as stated in the preface, aims in particular “to ac- 
quaint the reader with the basis of the legal requirements con- 
cerning the composition of drug products in the legitimate chan- 
nels of commerce, to indicate the affinity of purpose between the 
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Utility of Fasting Essential Amino Acid Plasma Levels in 
Formulation of Nutritionally Adequate Diets 111: 
Lowering of Rat Serum Cholesterol Levels by 
Lysine Supplementation 


C. 1. JAROWSKI" and R. PYTELEWSKI 


Abstract A lysine-supplemented ration lowered the serum cho- 
lesterol levels of rats. The level of iysine supplementation was de- 
rived from the fasting plasma essential amino acid profile. 


Keyphrases Lysine supplementation-effect on rat serum cho- 
lesterol levels Amino acid supplementation-effect of added ly- 
sine on rat serum cholesterol levels 0 Cholesterol levels-effect of 
lysine supplementation, rats Nutrition-effect of lysine supple- 
mentation on rat serum cholesterol levels 


Earlier studies demonstrated that the molar pro- 
portions of the essential amino acids in the fasting 
plasma of Sprague-Dawley rats (1) and Wistar rats 
(2) were useful in: (a) determining the order of limit- 
ing essential amino acids in rations, (b) preparing 
chemically defined synthetic diets, and (c) ranking 
diets according to their biological value and net pro- 
tein utilization. The average values of fasting plasma 
essential amino acids of human adults were also used 
to rank a series of protein diets fed to premature in- 
fants (2). 


This paper presents an additional application of 
the fasting plasma profile in a nutritional study con- 
ducted with Sprague-Dawley rats. An increase in the 
dietary protein level resulted in a decrease in the 
total plasma cholesterol in chicks (3) and mice (4). 
The cholesterol blood levels of calves were reduced 
by a higher level of dietary protein (5). 


It was of interest to determine how the serum cho- 
lesterol level would be influenced by feeding a lysine- 


Table I-Calculation of the Order  of Limiting Essential  
Amino Acids Based on  the Fast ing P la sma  
Profile of Ratsa 


Essential Amino Acid 


L-L ysine 
L-Tryptophan 
L-Threonine 
L-Histidine 
L-Arginine 
L-Methionine + '/2 cystine 
L-Phenylalanine + tyrosine 
L-Leucine 
L-Valine 
L-Isoleucine 


A ,  
mmoles/  


l i ter  
Plasma 


B.  
mrnoies/ 


100 g 
Ra t ion  B / A  


0.389 
0.054 
0.199 
0 .062  
0.146 
0.052 
0.115 
0.100 
0.101 
0 .060 


10.80 27 
1 . 5 6  29 
8.22 41 ~~ 


3.86  62 
9 . 2 4  63 
3 . 8 6  74 


14 .86  129 
15.16 151 
15.95 157 
10.51 175 


L-Lysine is limitina since the R / A  value is the sinallest: 


1.-tryptophan R / A  value = 29 
L-lysine H / A  value = 27 


2 
~ 


Therefore, 2 X 0.38Y = 0.778 niinole = 0.114 g of L-lysine to be added to 
100 g of ration Lo make 1.-tryptophan and L-lysine equally limiting. 


Table 11-Serum Cholesterol Levels of Rats wi th  a n d  
without  Supplementary L-Lysine 


Serum Cholesterol Levels, mg % 


Rat ion  plus 
Lvsine 


Ra t ion  plus for 3b Days,  
Lysine then Ra t ion  


Rat Ra t ion  (0.11%) for 11 D a y s  


1 128 82 113 
120 
134 
130 
122 
126 


76 
99 


100 
84 


100 


117 
131 
119 
109 
124 


Average 127 90 119 
Average 127 =t 5 . 2  90 =t 12.4  119 f 7 . 9  
f SD 


supplemented ration. The level of lysine supplemen- 
tation was derived from the fasting essential amino 
acid profile of Sprague-Dawley rats. 


EXPERIMENTAL 


Two groups of 20 female Sprague-Dawley rats, 216 f 8.8 g, were 
fed a complete diet1 and a lysine-supplemented ration for 30 days 
(0.114 g/100 g of ration). The method for calculating the L-lysine 
level is shown in Table I. A third group of 20 rats was fed the ly- 
sine-supplemented ration for 30 days and was then switched to the 
unsupplemented ration for 11 days. 


After an 18-hr fast, groups of six rats were sacrificed and the col- 
lected blood was allowed to clot. Serum cholesterol was deter- 
mined by the method of Levine and Zak (6) (Table 11). 


DISCUSSION 


The data in Table I1 were subjected to a statistical evaluation. 
The serum cholesterol levels for the rats fed the lysine-supple- 
mented ration were significantly lower than those for the control 
group. They also differed significantly from the group fed the con- 
trol ration for 11 days. The value for the control uersus the lysine- 
supplemented ration was p < 0.001, and the value for the rats fed 
the control ration for 11 days uersus the lysine-supplemented ra- 
tion was p < 0.01. The value for the control uersus the group fed 
the control ration for 11 days wasp < 0.1. 


A suggested mechanism for these observations is that the addi- 
tion of 0.114 g of lysine to 100 g of ration improves the biological 
value and net protein utilization. Evidence for this finding is the 
improved growth consistently obtained with the lysine-supple- 
mented ration ( 7 ) .  Therefore, it follows that by increasing net pro- 
tein utilization, less essential and nonessential amino acids will re- 
main for intermediary metabolic conversion to cholesterol inter- 
mediates (acetate, acetoacetic acid, acetone, pyruvic acid, etc .  ). 


Thus, it appears that  it is possible to lower cholesterol serum 
levels by strategic supplementation with limiting essential amino 


' Rockland Farms Mouse/Rat Complete Diet. 







acids. The reported reversible atherosclerosis in Rhesus monkeys 
adds further potential significance to these observations in rats 
(8). This reversible atherosclerosis was achieved through dietary 
control. The ingestion of lysine-supplemented rations, wherein the 
protein component has been improved biologically by the addition 
of an essential amino acid, may prove to be practical in human nu- 
trition. 
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Utility of Fasting Essential Amino Acid Plasma Levels in 
Formulation of Nutritionally Adequate Diets IV: 
Lowering of Human Plasma Cholesterol and Triglyceride 
Levels by Lysine and Tryptophan Supplementation 


P. K. RAJA and C. I. JAROWSKIX 


Abstract The administration of capsules containing L-lysine 
monohydrochloride (0.205 g) and L-tryptophan (0.069 g) three 
times daily after meals resulted in a significant drop in plasma 
cholesterol and triglyceride levels. The proportion of amino acids 
in the blend was derived from the average fasting plasma essential 
amino acid profile. 


Keyphrases 0 Lysine and tryptophan supplementation-effect 
on human plasma cholesterol and triglyceride levels Tryptophan 
and lysine supplementation-effect on human plasma cholesterol 
and triglyceride levels 0 Amino acid supplementation-effect of 
added lysine and tryptophan on human plasma cholesterol and tri- 
glyceride levels Cholesterol and triglyceride levels-effect of ly- 
sine and tryptophan supplementation, humans 0 Nutrition-ef- 
fect of lysine and tryptophan supplementation on human plasma 
cholesterol and triglyceride levels 


~~ 


Earlier studies demonstrated that the molar pro- 
portions of the essential amino acids in the fasting 
plasma of Sprague-Dawley rats (1-3), Wistar rats, 
and humans (4) were useful in (a) determining the 
order of limiting essential amino acids in rations, (b) 
preparing chemically defined synthetic diets, (c) 
ranking diets according to their biological value and 
net protein utilization, and (d) lowering serum cho- 
lesterol levels in Sprague-Dawley rats by L-lysine 
supplementation. 


This paper presents another application of the 
fasting plasma profile concept in a nutritional study 
conducted with adult humans. Supplementation of 
the normally varied human dietary regimen with L- 
lysine and L-tryptophan was investigated since these 
essential amino acids are most frequently limiting. It 


was reasoned that provision of two essential amino 
acids usually found to be limiting would improve the 
biological value and net protein utilization of each 
meal. The great variety of protein combinations con- 
sumed by humans on ad libitum dietary regimens 
would be a complicating feature in a supplementa- 
tion study. Lowering of serum cholesterol levels in 
Sprague-Dawley rats had been achieved by lysine 
supplementation of a standardized ration (2). Never- 
theless, it was decided to determine the effect of L- 
lysine and L-tryptophan supplementation on the 
plasma levels of cholesterol and triglycerides in hu- 
mans. 


EXPERIMENTAL 


Derivation of Capsule Formula-The average fasting human 
plasma concentrations of lysine and tryptophan are 0.170 and 
0.052 mmole/liter, respectively (4). Thus, the ratio of lysine to 
tryptophan on a molar basis is 3.27 to 1. A blend of 595 g of L-lys- 
ine monohydrochloride (3.27 moles) and 204 g of L-tryptophan (1 
mole) was prepared. Hard gelatin capsules (No. 1) were hand filled 
with 0.274 g of the blend. Each capsule contained 0.069 g of L- 
tryptophan and 0.205 g of L-lysine monohydrochloride. This level 
of supplementation was judged to be satisfactory. The minimum 
daily requirement of L-tryptophan and L-lysine for adult males 
had been established (5,6) t o  be 0.25 and 0.80 g, respectively. 


Human Volunteers Studied-Six persons participated in the 
study’. Phenotyping of the hyperlipidemia or hyperlipoproteine- 
mia was established by zone electrophoresis, using agarose as the 


l M.S.C., 48 years old, and S.C., 22 years old, mother and daughter, re- 
spectively, were members of a family with a history of hyperlipidemia. M.B. 
and D.G. were 56-year-old females. A.Z. was a 40-year-old male who was in- 
cluded in the study in spite of his being a moderate alcoholic. G.C. was a 42- 
year-old male who had been on clofibrate for several months. 
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C O M M U N I C A T I O N S  


Dose Adjustment in Renal Failure 


Keyphrases 0 Renal failure-problems of dose adjustment, rate 
constants 0 Dosage regimens-dose adjustment in renal failure 


PharrnacokineticsAose adjustment in renal failure, rate con- 
stants 


To the Editor: 


In 1972, Gibaldi and Perrier (1) discussed the 
problems associated with dose adjustment in patients 
with renal insufficiency for drugs that obey two-com- 
partment model kinetics. These authors suggested 
that, due to the curvilinear relationship between the 
hybrid rate constant j3 and the elimination rate con- 
stant k el, assumption of a linear relationship between 
endogenous creatinine clearance (CCJ and j3 may re- 
sult in underestimation of j3, leading to undermedica- 
tion in some circumstances. They pointed out, how- 
ever, that due to normal scatter generally observed in 
clinical data, the assumption of a linear relationship 
between In 2/t 112 and C,, is still valid for practical 
purposes. 


Added support for the latter comment may be 
found if one considers the relative magnitude of the 
distribution and elimination rate constants appropri- 


7 I 


0'4 
4 0  


0'2 
2 0  


do2 
0 2  


3 


0 3 1  I 5  


ate to the two-compartment model along with the 
constraints imposed on j3 and the associated biologi- 
cal half-life by the values of k 21 and k el. If one as- 
sumes that 12 el is linearly related to C cr but that k 12 


and k21 are invariant, then, as indicated by Gibaldi 
and Perrier (11, /3 will approach zero as k el approach- 
es zero but will approach k 21 as k el increases to large 
values. 


To examine the relationship between curve nonlin- 
earity and rate constant values, curves were con- 
structed based on the parameter values given in 
Table I. 


Plots of j3 uersus k,l are given in Fig. 1. In each 
case, the plot is essentially linear at low values of @ 
and k ,I. When j3 values fall within this low range, one 
observes a linear relationship between j3 and Ccr. As 
the value of k,1 increases, j3 approaches k21. The 
maximum values for j3 in the four cases are 1.5, 0.1, 
1.0, and 0.15 hr-l, equivalent to biological half-lives 
of 0.46,6.93,0.69, and 4.62 hr, respectively. 


From Fig. 1, the appropriate @/k relationships are 
essentially linear for values of B less than 0.5, 0.03, 
0.7, and 0.1 hr-l, equivalent to biological half-lives 
greater than 1.4, 23.1, 1.0, and 6.9 hr, respectively. In 
these four cases, a pseudolinear relationship is ob- 
tained between j3 and kel, and hence 0 and C,,, after 


0'4 
4 0  


05 
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0 2  
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2 0  
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Figure 1-Relationships between p and k,, in the four situations described in Table I .  Key: (3, bottom scale; 0, top scale; and 
@, common point on both scales. 
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Table I-Distribution and Elimination Rate Constants Table I-Organisms Investigated 


1 1 . 0  1 . 5  0 . 0 1  -, 4 . 0  
2 1 .0  0 . 1  0 . 0 1  + 4 . 0  
3 0 . 1  1 . 0  0 . 0 1  + 4 . 0  
4 0 . 1  0 . 1 5  0 . 0 1  + 4 . 0  


half-lives are increased between 1.4 and 3.3 times the 
minimum possible value. For most drugs, however, 
biological half-lives in conditions of normal renal 
function may be considerably longer than the mini- 
mum value and a linear relationship might be expect- 
ed after a much smaller increase in half-life. 


Even when the extreme case applies, it is evident 
from these data that dose adjustment assuming a lin- 
ear relationship between In 2/t  112 and Cc, is a realis- 
tic procedure regardless of the pharmacokinetic 
model. The errors in the assumption would be great- 
est in conditions of relatively mild renal insufficien- 
cy, where dose adjustment might not be considered 
necessary. 


(1) M. Gibaldi and D. Perrier, J.  Pharm. Sci., 61,952(1972). 
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Free Amino Acids in Higher Marine Fungi 


Keyphrases Marine fungi (higher)-determination of free amino 
acids from Ascomycetes and Fungi Imperfecti Fungi, marine- 
determination of free amino acids Amino acids, free-content of 
Ascomycetes and Fungi Imperfecti determined 


To the Editor: 


Attention has been directed to the potential im- 
portance of higher marine fungi as contributors of 
metabolites to marine ecosystems and producers of 
bioactive compounds (1). Continuing our investiga- 
tions on the overall metabolic capabilities of these or- 
ganisms, we now report on the free amino acids of se- 
lected marine Ascomycetes and Fungi Imperfecti. 
Related published reports are limited to that by 
Schafer and Lane (2), who identified 12 amino acids 
from hydrolyzed peptides of the Ascomycete Lulwor- 
thia floridana Meyers, and Kirk's (3) cytochemical 
investigations of marine pyrenomycete ascospores. 


Shake cultures of 10 isolates (Table I) were grown 
on a yeast extract-glucose-inorganic salts1 medium 
and harvested after 7 days as described previously 
(4). Mycelia were washed thoroughly in cold water, 


Rila Marine Mix, Rila Products, Teaneck, N.J. 


Ascomycetes 


Lignincola laevis Hohnk 
Nais inornata Kohlm. 
Leptosphaeria oraernaris Linder 
Corollospora maritima Werdermann 
Halosphaeria rnediosetigera Cribb et Cribb 
Halosphaeria harnata (Hohnk) Kohlm. 
Haligena elaterophora Kohlm. 
Halosphaeria appendiculata Linder 


Culcitalna uchraspora Meyers et Moore 
Zalerion maritimum (Linder) Anastasiou 


Fungi Imperfecti 


Isolate5 


R-2 
R-4 
R-13 
R-19 
R-524 
R-577 
R-601 
R-605 


F-1 
R-6 


a Refers to isolate number of particular species as cataloged in the my- 
cological collection of P. W. Kirk, Jr., Old Dominion University, Norfolk, 
VA 23508 


dried in forced air a t  40' for 48 hr, and defatted with 
petroleum ether (bp 30-60') for 12 hr in a soxhlet ap- 
paratus. Extracts of free amino acids were then pre- 
pared according to the method of Heathcote et al. 
(5), modified by extending the aqueous extraction 
phase to 48 hr. These extracts were desalted and pu- 
rified according to Pocklington (6). The extracts, free 
from interfering ions and peptides, were analyzed by 
TLC and GLC. 


Aqueous extracts were spotted on thin-layer cellu- 
lose plates and developed in a two-dimensional sys- 
tem: isopropanol-butanone-1 N HC1 (12:3:5) in the 
first direction and butanol-acetic acid-water (2: 1:l) 
in the second. Identification of the amino acids was 
achieved by comparing chromatograms of reference 
amino acids with those of extracts and mixtures of 
the two. The amino acid spots were revealed by heat- 
ing plates sprayed with ninhydrin solution. 


GLC analyses were based on the method described 
by Zumwalt et  al. (7). The instrument2 used was 
equipped with a flame-ionization detector. Instru- 
ment conditions included: silanized3 borosilicate 
glass column, 1.8-m X 0.3-cm (6-ft X 0.125-in.) o.d., 
packed with 3% methyl silicone on calcined diatoma- 
ceous earth4; carrier gas, nitrogen at  45 ml/min; oven, 
75' increased by 7.5"Imin to 300'; detector, 250'; 
flash heater, 200'. 


Reference trimethylsilyl amino acid derivatives 
were prepared as follows (8). One milligram of amino 
acid was dissolved in 50 ml of methanol. One millili- 
ter of this stock solution was placed in a 0.6 X 5.1-cm 
(0.25 X 2-in.) screw-capped vial containing 1 ml of 
anhydrous methylene chloride. This was heated to 
70' in a sand bath to remove the solvent and azeotro- 
pically remove all moisture. While the vial remained 
in the sand bath, its contents were further dried 
under a stream of nitrogen for 30 min. 


To the dried residue was added 0.25 ml of bis(tri- 
methylsilyl)trifluoroacetamide, and this mixture was 
heated for 1 hr in a sand bath at  135'. After reflux- 
ing, the vial was allowed to cool spontaneously. De- 
rivatives of the dried free amino acid extracts were 
prepared in an identical manner. Freshly prepared 


Hewlett-Packard model 402. 


3% OV-1 on Gas Chrom Q,  Applied Sciences Labs., Inc. 
3 Sylon, Supelco, Inc. 
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RESEARCH ARTICLES 


Rational Development of a Soluble Prodrug of a 
Cytotoxic Nucleoside: Preparation and Properties of 
Arabinosyladenine 5’-Formate 


A. J. REPTAX, BRIAN J. RAWSON*,RICHARD D. SHAFFERt, 
KENNETH B. SLOAN $, N. BODOR *, and T. HIGUCHI 


Abstract 0 The 5’-O-formate ester of arabinosyladenine was syn- 
thesized and shown to be suitable as a water-soluble prodrug, 
being a t  least 60 times more soluble than the parent cytotoxic nu- 
cleoside. This increased solubility was ascribed to a decrease in in- 
termolecular interaction in the crystalline state, as evidenced by 
an -90’ lower melting point for the ester relative to the parent 
compound. The prodrug reverted to the parent compound in aque- 
ous solution, its pH-rate profile being V-shaped with maximum 
stability at  a pH -4.2, corresponding to a half-life of about 10 
days. The rate of hydrolysis of the prodrug at  37’ in 91% human 
serum and 91% whole blood was studied. At an initial concentra- 
tion of 0.4 mg of prodrug/ml of 91% whole blood, reversion to ara- 
binosyladenine appeared to be essentially complete in about 15 
min. The prodrug did not appear to be subject to enzymatic deam- 
ination. This feature, together with the good solubility of the pro- 
drug, makes possible the effective formulation of arabinosyladen- 
ine for intravenous purposes. The rationale involved in the general 
design of a prodrug and the specific considerations necessitated in 
the case of adenine arabinoside are discussed. 


Keyphrases 0 Arabinosyladenine 5’-formate-~ynthesized as 
highly water-soluble prodrug, hydrolysis rates in biological 
fluids 0 Prodrugs-synthesis of highly water-soluble arabinosyla- 
denine 5’-formate, hydrolysis rates in biological fluids 0 Cytotoxic 
nucleosides-synthesis of arabinosyladenine 5’-formate as highly 
water-soluble prodrug, hydrolysis rates in biological fluids 


The nucleoside arabinosyladeninel (I) is an epimer 
of adenosine (TI) and has been shown to be an effec- 
tive agent in the inhibition of the growth of viruses 
and tumors in various in uitro and in uiuo tests (1-6). 
The low water solubility2 (0.0018 M ,  0.5 mg/ml) of 
this drug and the large (2.5 g) human doses suggested 
have hampered its clinical testing3. Infusions of sev- 


I: R = R = H, R‘ = OH 
11: R = R = H, R” = OH 
III: R = HCO, R = OH, R” = H 


Arabinosyladenine is referred to in a number of ways in the literature 
including 9-fl-D-arabinofuranosyladenine, ara-A, NSC-404241, and adenine 
arabinoside. 


2 Determined in these laboratories. 
3 J. P. Davignon, National Cancer Institute, personal communication. 


era1 liters of intravenous vehicle containing the dis- 
solved drug have been employed in some case$. The 
present studies were undertaken to develop a more 
soluble prodrug form of I and thus reduce the mini- 
mum volume in which this dose (2.5 g) could be dis- 
solved. 


DISCUSSION 


A comparison of the chemical structures of I and I1 shows that 
they differ only in their stereochemical configuration a t  the 2’-po- 
sition of the sugar group. Both substances appear to be quite polar, 
and they might be expected to be similarly solvated in aqueous so- 
lution. The lower solubility of l (1.8 X M) relative to I1 (-0.02 
M ) 2  may be explained by stronger intermolecular hydrogen bond- 
ing in the crystal lattice of I due to the different geometry. This ra- 
tionalization appears to be supported by the observed differences 
in melting points (I, mp 258-260’; 11, mp 235O), where the higher 
melting material is less soluble. 


One method of achieving an apparent increase in the solubility 
of I is through the use of a water-soluble prodrug form (7, 8) of I. 
This method involves the identification of a suitable chemical de- 
rivative of I that  reverts to I under in uiuo conditions. Two differ- 
ent approaches for increasing solubility through prodrug forma- 
tion are immediately apparent. The first is to prepare a derivative 
considerably more hydrophilic than I, in which case the increase in 
solubility would be achieved through increased solvent-solute in- 
teractions. The 5’-phosphate of I (9), which is simply an epimer of 
adenosine monophosphate, is an example of this type of prodrug 
and has already been reported. 


The second type of prodrug with increased solubility relies on 
the perturbation of the geometry of the crystal and/or a decrease 
in the capacity for intermolecular interaction to achieve the in- 
crease in solubility. Such changes would be expected to increase 
the free energy of the crystalline solute and thereby would tend to 
increase solubility. An example of this approach is the W-(di-  
methy1amino)methylene derivative of I (10). 


Although the specific prodrug examples cited successfully 
achieved significant increases in solubility, other criteria, such as 
the rate of release of the drug from the prodrug form, also should 
be considered in the design of a prodrug. 


If the purpose of utilizing the prodrug approach is to attain im- 
proved drug delivery as evidenced by greater concentrations of the 
drug in the body fluids, then it is the position of these investigators 
that the prodrug should not persist appreciably once the delivery 
function has been achieved. Therefore, unless designed specifically 
for other purposes such as timed release, prodrugs should be rapid- 
ly converted to the drug itself in the relevant biological medium. If 
such is not the case and the drug is released over a period of hours, 
some doubt will exist as to whether the nature of the observed 
pharmacological response is due to the drug or to the prodrug. 
This is particularly important in cases where the prodrug itself, 
because of inherent chemical or structural features, may be likely 
to exert a biological response. 


The rate of regeneration of a drug from its prodrug form may 
also be important from a kinetic standpoint when attempting to 
achieve increased blood levels of drug. A simplified representation 
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H ,  
prodrug + drug 


J Rlr, J. R.d 


prodrug metabolite drug metabolite 


Scheme I 


of potential problems of the kinetic type are presented in Scheme 
I, where R,, and R,d represent the rates of inactivation of the pro- 
drug and the drug, respectively, and R ,  represents the rate of re- 
lease of the drug from the prodrug. From an inspection of Scheme 
I, it is obvious that the concentration of the drug that can be at- 
tained is dependent on the magnitude of R ,  relative to R,, and R,d. 
As the magnitude of the ratio R,/[R,,  + R,d] increases, the concen- 
tration of the drug that can be achieved is increased. 


When one considers that arabinosyladenine undergoes enzymat- 
ic deamination (11, 12) to the corresponding biologically inactive 
hypoxanthine (6) rather rapidly4, it is obvious that a slow rate of 
reversion, such as that exhibited by the previously reported pror 
drugs of I (9, lo), will result in extremely low concentrations of I in 
uiuo. Hence, an important consideration in this work was the iden- 
tification of a prodrug that, in uiuo, would rapidly revert to I as 
well as provide the desired solubility properties. 


The chosen approach for increasing the solubility of I involved 
the formation of a prodrug exhibiting decreased intermolecular hy- 
drogen bonding in the crystalline state and thereby increasing the 
activity of the solid. It was anticipated that this objective could be 
achieved by reducing the hydrogen donor capacity of the sugar 
portion of the molecule. The replacement of the hydrogen atom of 
a hydroxy group by acylation or alkylation was expected to accom- 
plish this goal. Again, any such derivative should rapidly revert to 
I under in uiuo conditions. The well-known facts that esters are 
normally more rapidly cleaved than are ethers and that blood con- 
tains esterases suggested that an ester would be preferred over an 
ether as a prodrug. 


Esterification of the 5’-hydroxy group was decided upon, since i t  
was expected to offer some advantages. First, the 5’-hydroxy is a 
primary alcohol, while the 2‘- and 3’-hydroxy groups are secondary 
alcohols. Since it was shown (13) with a series of butyl and propyl 
esters that the esters of primary alcohols are normally cleaved more 
readily than the corresponding esters of secondary alcohols, an 
ester at the 5’-position would be expected to be the most rapidly 
hydrolyzed of the possible esters of I. 


Second, earlier work (6, 11) on adenosine and related com- 
pounds strongly suggested that a free hydroxy group at  the 5’-posi- 
tion was required to serve as a good substrate for adenosine deami- 
nase. Therefore, derivatization at  the 5’-hydroxy would be expect- 
ed to prevent or retard the enzymatic deamination of I11 as dis- 
cussed previously. Such protection from deamination, if realized, 
would then assure that reversion of the prodrug would occur prior 
to any deamination. 


The specific choice of the formyl group as the acyl group of 
choice for esterification of the 5’-position was based on the greater 
facility with which formate esters are hydrolyzed in comparison to 
more bulky homologs (14, 15) such as acetate and propionate. An- 
other consideration in this choice was that the formyl group, being 
extremely compact, would not be expected to introduce any appre- 
ciable lipophilic character into the otherwise polar nature of I. On 
the basis of these considerations, arabinosyladenine 5’-formate5 
(111) appeared to be an attractive candidate as a prodrug of I. 


(inactive) (inactive) 


EXPERIMENTAL 


Anhydrous 16, mp 258-260°, was used as supplied. All other 
chemicals used were of the highest commercial grade available. 
The water was triply distilled, with the final distillation beinefrom 
acid permanganate solution in an all-glass still. 


Dr. Florence White of the National Cancer Institute stated, in a person- 
al communication, that  the deamination resulted in loss of antitumor activi- 
ty and that the biological half-life for the enzymatic deamination of I was 
-30 min. 


The prodrug, arabinosyladenine 5-formate, was recently assigned the 
identification number NSC 171240 by the National Cancer Institute. 


Furnished by the National Cancer Institute. 


Liquid Chromatography-High-pressure liquid chromatogra- 
phy (HPLC) was used for monitoring and optimizing the condi- 
tions for the synthesis of 111 and for following the kinetics of hy- 
drolysis of 111. Except for the eluants, the chromatographic sys- 
tems used were identical for both purposes. The liquid chromato- 
graph7 was equipped with a U V  (254 nm) detector and a 0.5-m 
stainless steel column having an internal diameter of 2 mm. The 
stationary phase was a strong cation-exchange resins. Samples 
were eluted a t  600 psig, which resulted in a flow rate of about 1 
ml/min. 


Since the chromatograph used was not insulated or thermo- 
stated, column temperatures during operation were subject to fluc- 
tuations in room temperature. The temperature varied from day to 
day but was in the range of 23-27’; fluctuations within the time 
period of a given run or series of runs were normally <1.5’. Such 
temperature variations caused retention times to vary by as much 
as 20-3096, peak heights were also found to vary. Because of such 
variation in peak heights, integration of the area of the peaks was 
performed using a planimeter. This approach yielded results that, 
when normalized as described later, were not noticeably affected 
by the temperature variation. Detailed differences between the 
HPLC systems used will be discussed. 


System Used in Following the Synthesis o f  III-The eluant 
system used for monitoring and optimizing the synthesis of I11 was 
an aqueous solution containing 0.04 M NaH2P04 and 0.05 M 
NaN03, pH 4.5. This system resulted in the separation of several 
components. Typical retention times were as follows: I = 1 min, 111 
= 2 min, I1 (adenineIg = 2.5 min, arabinosyladenine 3’-formate10 
(IV) = 4 min, and arabinosyladenine 3’,5’-diformatel* (V) = 12.5 
min. 


System Used in Following Hydrolysis of Ill-In studies on the 
hydrolysis of 111, the eluant used was aqueous 0.04 M NaHzP04, 
which had been adjusted to pH 4.2 with 10% H3P04 in water. Al- 
though retention times varied somewhat with temperature fluctua- 
tions, typical values for the retention times of I and I11 were 1.5 
and 4.5 min, respectively. 


Preparation, Isolation, and Characterization of 111-The 
synthetic method and conditions reported here were arrived at 
after monitoring the reaction by liquid chromatography and at- 
tempting to optimize the conditions with respect to the yield of 111. 


Compound I (10.0 g) was dissolved in anhydrous formic acid 
(16.0 ml) and maintained a t  5O for 96 hr. The isolation of 111 was 
accomplished by the use of conventional column chromatography 
according to the following procedure. 


The reaction mixture (after 96 hr) was diluted to 2 liters with 
ether while being stirred vigorously with a magnetic stirrer. The 
crystalline solid that separated was allowed to settle, and the su- 
pernate was decanted. The precipitate was washed with an addi- 
tional 500 ml of ether, which was decanted. The ether solutions 
were combined (2.5 liters) and passed through a chromatographic 
column (7 cm i.d.1 previously packed with an ether slurry of silica 


(450 9). The solid residue remaining after the washing proce- 
dure was dissolved in acetone-ether (41, 3 liters) and passed 
through the column. Further elution with 2 liters of acetoneether 
(91) followed. 


These eluate fractions were found by HPLC analysis to contain 
little of the desired product and were discarded. Further elution 
with acetone (8 liters) was carried out and the eluate was concen- 
trated in uacuo at  room temperature. The gummy residue ob- 
tained was transferred to a crystallizing dish, using a minimal 
amount of acetone. A crystalline solid formed spontaneously on 
standing. The filtered and dried product (5.5 g, 50% yield) was 
found by HPLC analysis to contain >96% of I11 with the remaining 
4% consisting of unreacted I and some 11, IV, and V. Recrystalliza- 
tion from acetone resulted in a solid, mp 168-170°, which ap- 
peared to be essentially homogeneous by HPLC and TLC [silica 
gel, chloroform-methanol (2:1), R/  0.41. This material was charac- 


DuPont model 840. 
SCX on Zipax, DuPont. 
Compounds I1 and 111 were not completely resolved, but the presence of 


small amounts of I1 was awaren t  as a small shoulder nr oeak on the much 
larger I11 peak. The r e t e n t h  time was confirmed with authentic 11. 


identified as the 3’-formate ester of I. 


he the 3’,5’-diformate ester of I (mp 153-155”). 


lo Compound IV was not completely characterized hut was tentatively 


l 1  Compound V was isolated, characterized, and definitely established to 


Silicar CC-7. Mallinckrodt. 
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terized as arabinosyladenine 5'-formate (111); IR (KBr): 1730 (9, 


C=O) cm-'; NMR (dimethyl sulfoxide-4): 6 8.25 (s, 1, 5'-02CH), 
8.16 (s, 2, 2- and 8-H), 7.35-7.05 (m, 2, N-H), 6.36 (d, J = 4 Hz, 1, 
l'-H), 5.95-5.55 (m, 2, 3'- and 2'-0-H), 4.55-4.35 (m, 2, 5'-H), and 
4.35-3.85 (m, 3,4'-, 3'-, and 2'-H) ppm. 


Elemental analysis for carbon, hydrogen, and nitrogen was with- 
in 0.3% of theory for CllH13N505. 


Preparation of Whole Blood and  Se rum Samples-Serum 
was prepared by inducing rapid and complete clotting of the blood 
samples through agitation with glass rods. The resulting sample 
was centrifuged and the supernatant serum was collected. When 
whole blood was desired, potassium oxalate (-2 mg/ml of blood) 
was added to the freshly drawn sample to prevent coagulation. 


Kinetic Studies-Hydrolysis in Aqueous Solutions-Reactions 
were initiated by adding freshly prepared aqueous solutions of I11 
to the buffered media in small screw-capped vials. For studies car- 
ried out a t  25O, the solutions were preequilibrated in a water 
bath13; sampling was begun immediately after mixing. For studies 
a t  elevated temperatures, samples were mixed at room tempera- 
ture and subsequently placed in the thermostated bath; no sam- 
pling was done for a t  least 15 min. Initial concentrations of 111 
were approximately I mg/ml(-0.003 M). 


The reaction was monitored by HPLC analysis of aliquots of the 
sample solution removed a t  various times. In runs at elevated tem- 
peratures, aliquots of the sample solutions were taken, the reac- 
tions were stopped by chilling in an ice bath, and the aliquots were 
subsequently chromatographed. In the case of reactions at 25", ali- - 
quots were removed and chromatographed directly. Sample vol- 
umes used for HPLC were kept small (1-1.5 gl), since in large vol- 
umes the buffers in the reaction mixture were sometimes capable 
of altering the pH of the mobile phase sufficiently to disturb the 
chromatographic separation. 


To minimize errors due to the possibility of slight variations in 
the volume of injected samples and the slight changes in instru- 
ment sensitivity that appeared to accompany the temperature- 
dependent fluctuations, the peak areas for 111 were normalized. 
The normalization procedure took into account the facts that  the 
reaction involves the hydrolysis of I11 to yield only I and that the 
UV detector response to 111 was only 97% of the response to I on a 
molar basis. The normalization equation is given in Eq. 1: 


where AIII,N = normalized area of the peak corresponding to  111, 
AIII,E = area of the peak corresponding to I11 as determined exper- 
imentally, and A 1 3  = area of the peak corresponding to I as deter- 
mined experimentally. Plots of log AIII,N uersus time were used to 
calculate the apparent first-order rate constants of the hydrolysis 
reaction. 


Hydrolysis in Serum and Blood-Reactions in serum and blood 
were initiated by adding one volume of a freshly prepared stock so- 
lution of 111 to 10 volumes of either serum or whole blood, both 
having been previously equilibrated a t  37". After a predetermined 
time, the protein was precipitated using tungstatekulfuric acid 
method of Folin and Wu (16). The precipitant was prechilled to 0" 
to quench the reaction rapidly. The sample was allowed to stand 
until coagulation and hemolysis were complete. The samples were 
then centrifuged, and the supernatant liquid was'used for chroma- 
tographic analysis. 


Such samples did not appear to undergo further reaction to  any 
appreciable extent during the time necessary to complete the sepa- 
ration and analysis. In this case, because of the enzymatic deami- 
nation of I in blood (11, 12), normalization as described above was 
impossible. 


Lyophilization-An aqueous solution containing -30 mg of III/ 
ml of water was prepared. Aliquots were placed in suitable screw- 
capped vials, and these vials were immediately frozen in a freezing 
mixture of solid carbon dioxide and acetone. The sample vials were 
then placed in the lyophi l i~er '~  and freeze dried at a pressure of 
about 0.2 mm Hg and an initial shelf temperature of from -20 to 
-25O. The shelf temperature rose to  near 0" over 24 hr, during 
which time most water had been removed. The shelf temperature 


'3 The thermostated water baths used maintained temDeratures at the 
stated value f0.2'. 


14 Virtis model 10-800 attached to a Cenco Hyrac 14 vacuum pump. 


was then increased to 25", and the samples were maintained for 
about 8 more hours a t  a pressure of about 6.1 mm Hg. The water 
content of the ffeeze-dried samples as determined by loss in weight 
was -1-2%. 


RESULTS 


Preparat ion and Characterization-Compound I11 was syn- 
thesizedI5 by dissolving I in anhydrous formic acid (18)16 and al- 
lowing the resulting solution to stand at 5" for 4 days. Isolated 
yields of I11 in excess of 50% were obtained. The yield was de- 
creased and the problem of greater quantities of undesired side 
products was worsened when higher temperatures were used. In 
addition to 111, the 3'-formoyl and the 3',5'-diformoyl derivatives 
of I (see Experimental) were produced along with a small percent- 
age of adenine (20). The various products were separated by col- 
umn chromatography and analytically pure I11 was obtained after 
recrystallization from acetone. 


The characterization of 111 was based on satisfactory analytical 
results and NMR spectra. It has been established from studies of 
model nucleosides and derived esters of known structure that the 
methylene and methine protons experience deshielding only when 
attached to the carbon involved in the ester bond. The two methy- 
lene (5') and the three methine (2', 3'. 4') protons of arabinosylade- 
nine are represented by two multiplets in the 6 4.35-3.55 region. In 
the spectrum of the monoformate (by analysis, CllH1:3N505), two 
of those five protons are deshielded; this result is compatible only 
with Structure 111. 


Physical Properties-The white crystalline prodrug melted a t  
166-168", about 90" lower than I. Due to the decomposition of 111 
in water, as discussed later, it was not possible to determine the 
equilibrium aqueous solubility of the prodrug. However, a concen- 
tration of about 34 mg of III/ml of solution was achieved within 1 
hr when an amount of the solid in excess of the solubility was agi- 
tated with water at 25". On the basis of these data, i t  appears that 
the solubility of 111 in water is a t  least 34 mg/ml or nearly 0.12 M. 
This solubility value for 111 corresponds to the equivalent of -30.5 
mg of I/ml of water, which represents something more than a 60- 
fold increase in the aqueous molar solubility of I11 relative to that 
found for I. This 60-fold increase in the apparent solubility of the 
drug means that the minimum volume of solution necessary to de- 
liver the equivalent of 2.5 g of I would be reduced from 5 or 6 liters 
with I itself to about 80 ml with the prodrug. 


A comparison of the melting points and the aqueous solubility 
behavior of I and I11 clearly demonstrates that  formylation of the 
5'-position resulted in a significant decrease in intermolecular in- 
teraction in the crystalline state. As stated earlier, the qualitative 
results observed were anticipated on the basis of the hypothesis 
that  acylation of the 5'-hydroxy group would eliminate the ability 
of that  group to act as a hydrogen donor and thereby decrease the 
extent of intermolecular hydrogen bonding in the solid state. The 
observed effects on physical properties may arise simply as a direct 
result of the inability of the 5'-position to act as a proton donor, or 
they may be due to decreased hydrogen bonding caused by more 
gross changes in intermolecular and intramolecular geometry in 
the solid state due to formylation at the 5'-posjtion. 


Hydrolysis in Blood a n d  Serum-As stated earlier, it was an- 
ticipated that the esterases in body fluids would enzymatically cat- 
alyze the hydrolysis of the ester prodrug and thereby facilitate 
rapid and complete reversion to I. The hydrolysis of I11 a t  37" in 
91% serum and in 91% whole blood was studied; the data obtained 
showed that, at an initial concentration of about 2 mg of III/ml of 
fluid, 50% of the prodrug was lost in about 15-18 min in 91% plas- 
ma. However, in 91% whole blood, 50% disappearance of 111 oc- 
curred in about 6-8 min. The observed difference in the time re- 
quired for disappearance of 50% of the prodrug is probably due to 
the loss of certain enzymes or enzyme activities, which may occur 
during the separation of the serum from the whole blood. Observa- 
tions of this kind have been reported previously for the hydrolysis 
of aspirin in blood and plasma (21). 


More extensive studies in 91% whole blood were performed, and 


15 The synthesis of 111 was first accomplished in these laboratories utilizing 
acetic-formic anhydride (17) in formic acid. This method suffered from low 
overall yields and is, therefore, not presented in detail. 


Ifi  Acylation under acidic conditions has been shown to yield selectively 
5'-esters in the case of certain nucleosides (19). 
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Table I -Comparison of the Biological Activity of I a n d  111 
against  Two Experimental  T u m o r s  in Mice 


Survival  Time* for Mice Inoculated 
wi th  Tumor Cells, days  


~~ 


Hepa toma  134d 
Trea tmen ta  Ehrl ich Tumor.  Tumor 


Control  11.6 & 2 .2  21 .5  f 1 . 3  
I 21.0 f 1.3  25 .3  + 2 . 0  


I11 21.0 =t 2 . 0  25.5 f 1 . 0  


'1 I was given a t  25 mg/kg ip twice daily on Days 1-4 after inoculation 
with iumor cells. Compound I11 was given in equimolar doses according to 
the same schedule. b The values given represent the average survival and the 
average mean deviaiion for groups consisiing of six mice. ICR female mice 
were inoculated intraperitoneally with 106 Ehrlich cells. d C3H female mice 
were inoculated intraperitoneally with 6 X 10" Hepatoma 134 cells. 


some typical data are presented in Fig. 1. I t  was apparent from 
data of this type that the disappearance of I11 corresponded quite 
well to the appearance of I in the initial part of the reaction. How- 
ever, after about 26% of 111 had been converted to I, the rates of 
appearance of I and disappearance of 111 began to differ markedly 
and the concentration of I actually reached a maximum and began 
to decrease prior to the complete disappearance of 111. This obser- 
vation may be explainedon the basis of the occurrence of the enzy- 
matic deamination of I to yield the arabinosylhypoxanthine, as 
previously reported (9 , l l )  and discussed. 


Figure 1 also shows that the apparent rate of hydrolysis of 111, 
when expressed as a percent of the initial concentration, is depen- 
dent upon the initial concentration of 111. The apparent rate of re- 
version of 111 was observed to be more rapid a t  the lower initial 
concentration of 111, suggesting that the reaction order was less 
than unity. This observation is probably due to the relatively high 
concentration of I11 used, which caused saturation (21) of the es- 
terases involved in the hydrolysis. The initial concentration of 0.4 
mg of III/ml of blood represents the range of concentration that 
would be encountered if a dose of 111, which is the equivalent of a 
2.0-g dose of I, were administered to an average 70-kg person. 


From Fig. 1, it is apparent that  even a t  the lower initial concen- 
tration of 111, the peak concentration of I approached 50% of the 
theoretical value. Furthermore, the peak concentration of I ex- 
pressed as a fraction of the initial dose of 111 increased as the ini- 
tial concentration of 111 was increased; even a t  the higher initial 
concentration of 111, nearly complete hydrolysis of the prodrug 
occurred in about 20-25 min. 


The positive intercepts of the curves corresponding to the con- 
centration of I a t  each initial concentration of 111 are due at least 
in part to the presence of some I in the aqueous stock solutions 
prior to the addition of blood. 


The data obtained from the blood studies clearly demonstrate 
that the prodrug rapidly reverts to I and results in a concentration 
of I that  is not currently attainable with I or either of the previous- 
ly reported prodrug forms (9,lO) in biological fluids. 
In Vivo Activity-Subsequent to the in uitro studies in blood 


and serum, the prodrug was compared in uiuo in both the Ehrlich 
ascites and Hepatoma 134 rodent tumor systems (Table I)17. In 
both systems, I11 appeared to have activity equivalent to I when 
administered intraperitoneally. T o  obtain meaningful results, eval- 
uation of the prodrug as a method of delivering I should be carried 
out in systems that possess esterase activity. 
In Vitro Chemical Stability-Although the aqueous solubility 


of 111 and the in uitro and in uiuo data obtained are such that 111 
would appear to be a prodrug form of I satisfactory for use in in- 
travenous solutions, it was necessary to investigate various other 
properties and behavior related to stability and formulation before 
fully evaluating the suitability of 111 as a prodrug. 


As expected, in aqueous buffered solution, 111 underwent a sim- 
ple hydrolysis at  the 5'-position to yield quantitatively I and for- 
mic acid. The reaction was studied a t  pH N 1-8, and the kinetics 
of the process appeared to be first order throughout this pH range. 
The rate of reaction in this region was virtually independent of 
ionic strength but extremely pH dependent. The log rate-pH pro- 


These studies were conducted by G. A. LePage, McEachern Laboratory, 
University of Alberta, Edmonton, Alberta, Canada, who provided the data 
to the authors. 


0 5 10 15 20 25 30 60 90 
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Figure 1-Plot of concentrations of 111 and Z in 91 76 whole 
human blood at 37" as a function of time and the anitial 
concentration of I I I .  The triangles represent the concentra- 
tions of III  ( A )  and I ( A )  at an  initial concentration of 2 mg 
of IZI/ml of blood solution. The circles represent the concentra- 
tions of IZZ (0) and I (0) where the initial concentration of IIZ 
was 0.4 mglml.  


file for hydrolysis of 111 a t  25" is V-shaped (Fig. 2) and is qualita- 
tively similar to that commonly observed for ester hydrolyses, with 
slopes approaching an absolute value of unity a t  pH 5 2.6 and 1 
7.0. 


The buffer systems used in the pH range studied were phos- 
phate, chloroacetate, and acetate. All of these buffers were ob- 
served to catalyze the ester hydrolyses to a limited extent. Because 
of such catalysis, the values for the rate constants a t  the various 
pH values, as shown in Fig. 2, were obtained by extrapolation to 
zero buffer concentration of the linear relationship between the 
observed rate constant and buffer concentration for a given buffer 
system a t  that  particular pH. 


As can be seen from Fig. 2, the minimum spontaneous hydrolyt- 
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Figure 2-Log rate-pH profile for the spontaneous hydrolysis 
of  IZZ at25',  ionic strength 0.05. The data points for the various 
p H  values were obtained by extrapolation of plots of observed 
rates versus buffer Concentration at each p H .  
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Table 11-Temperature Effect o n  the R a t e  of Hydrolysis 
of I11 at p H  4.2, Ionic S t r eng th  0.05 


T k,, X lO‘rnin-’“ ti/?, days  
~ 


25 O 
36;8O 
60 


0 . 4 7  10 .o 
1 . 4  3 . 4  


82 0 . 6 8  


( 1  These values are for the spontaneous hydrolysis of 111 aml were 01,- 
tained by extrapolation to zero buffer concentration. 


ic rate, or the maximum stability of 111, is found a t  pH -4.2. At 
this pH the observed first-order rate constant was about 4.7 X 
min-* which corresponds to a half-life of about 10 days. At pH 7.4, 
which approximates physiological pH, the hydrolytic rate constant 
as shown in Fig. 2 is about 2.5 X min-’ which corresponds to 
a half-life of about 4.5 hr. 


The effects of temperature on the rate of hydrolysis of 111 a t  pH 
4.2 were determined and these data are presented in Table 11. The 
rate constants were obtained by extrapolation to zero buffer con- 
centration from a series of buffered solutions. The energy of acti- 
vation for the hydrolytic reaction was calculated from the data in 
Table I and was found to be about 16 kcal/mole. 


Formulation Considerations-On the basis of the kinetic 
data, i t  was apparent that 111 would not be suitably stable for for- 
mulation as ready-to-use solution even a t  refrigerated tempera- 
tures. However, the 10-day half-life for hydrolysis a t  pH 4.2 and 
room temperature appeared to be compatible with its use as a for- 
mulation to be reconstituted as a solution, a t  pH 4.2., within sever- 
al hours prior to use. 


The suitability of the prodrug for use in a lyophilized dosage 
form was examined in a limited study. An unbuffered aqueous so- 
lution containing -30 mg of lII/ml, which is equivalent to -27 mg 
of I/ml, was prepared and 1-ml aliquots were quickly frozen and 
lyophilized. The freeze-drying process resulted in a white porous 
cake which was readily reconstituted as a solution upon the addi- 
tion of 1 ml of water. The lyophilization process and subsequent 
storage of the freeze-dried product in sealed vials for 3 months at 
4O resulted in less than 1% degradation of 111. These data seem to 
suggest strongly that formulation of 111 as a lyophilized dosage 
form would present no major problems. 


CONCLUSION 


On the basis of these results, it appears that  111 meets virtually 
all the important criteria for a prodrug form of arabinosyladenine 
which would be suitable for formulation in parenteral solutions. 


More importantly, this work has demonstrated that the design 
of a prodrug can be accomplished through use of a rational ap- 
proach. Such an approach requires that the underlying causes 
which necessitate the use of the prodrug approach be defined and 
understood. It may then be possible to identify several alternatives 
which may overcome these basic difficulties. However, only those 
specific approaches which are compatible with the overall require- 
ments and objectives of the chosen or required pharmaceutical 
system can be utilized effectively. 
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BOOKS 


REVIEWS 
Advances in Drug Research, Volume 7. Edited by N. J. HAR- 


PER and ALMA B. SIMMONDS. Academic, 111 5th Avenue, 
New York, NY 10013,1973.231 pp. 15.5 X 23 cm. Price $15.50. 
The latest volume in this series consists of three chapters; one 


reviews the latest research on penicillin antibiotics, another de- 
scribes work to date on fibrinolysis, and the final chapter is a re- 
view of psychotomimetic agents. The chapters in each case reflect 
the primary interests of the individual authors, their backgrounds 
being chemist, clinician, and pharmacologist, respectively. How- 
ever, in all cases the importance of the multidisciplinary approach 
to drug research is apparent. 


The first chapter in the book, “Advances in Penicillin Re- 
search,” by J. H. C. Nayler is an updating of the review on penicil- 
lins and related structures published in the first volume of this se- 
ries and covers work done between the years 1963 and 1973. The 
newer preparative procedures for semisynthetic penicillins are re- 
viewed and the chemical properties of penicillins are discussed ex- 
tensively. This discussion is divided into reactions a t  the fl-lactam 
ring, the carboxyl group, sulfur atom, amino group, and the C6 po- 
sition. There are brief sections on the mechanism of action of peni- 
cillins and the problem of bacterial resistance to these agents. A 
major section of the chapter is concerned with antibacterial activi- 
ty in relation to structure and will be of particular interest to the 
medicinal chemist. The section concerned with behavior of penicil- 
lins in uiuo will be pertinent to a broad spectrum of pharmaceuti- 
cal scientists since it considers the distribution, elimination, and 
absorption of penicillins along with a brief discussion of various 
prodrugs which have been prepared and utilized clinically. .The 
final section of the chapter deals with hypersensitivity reactions 
and means of modifying or possibly eliminating this phenomenon. 
As noted, the data reported in this review are basically from the 
years 1963 to 1973 and are documented with over 300 references. 


The second chapter is written by a clinician, G. R. Fearnley, and 
describes the relatively little studied process of fibrinolysis. This 
chapter is clearly written and presents an excellent overview of the 
phenomenon of fibrinolysis. The chapter begins with the history of 
the development of studies on fibrinolysis and proceeds to adescrip- 
tion and definition of the components of this phenomenon and of 
the experimental techniques currently used in studies of fibrinoly- 
tic activity. Physiology of fibrinolytic activity and factors influenc- 
ing it along with possible mechanisms are described and the im- 
portance of fibrinolysis in occlusive vascular disease is discussed. A 
most important area discussed, of interest to researchers in the 
pharmaceutical sciences, is the pharmacological enhancement of 
fibrinolytic activity. .In uitro and in vivo tests for fibrinolytic activ- 
ity are discussed in this section along with correlation as well as 
lack of correlation observed. In addition, the various chemicals 
studied and tested clinically for enhancement of fibrinolysis are 
described. A discussion of pharmacological inhibition of fibrinoly- 
tic activity and the effect of pathological fibrinolysis along with a 
description of known antifibrinolytic drugs is also included. 


The final chapter in the book, “Psychotomimetic Drugs; Bio- 
chemistry and Pharmacology” is contributed by R. W. Brimble- 
combe. Psychotomimetic drugs are defined as “substances which 
will consistently produce changes in thought perception and mood 
occurring alone or in concert without causing major disturbances 
in the autonomic nervous system or other serious disability.” The 
author classifies the psychotomimetic drugs into four types: (a) 
sympathomimetic amines, (b) antiacetylcholine drugs, (c) Canna- 
bis and cannabinoids, and (d) miscellaneous. Drugs in each of the 
first three categories are described along with the in viuo responses 
observed in each instance. In addition, in the case of the antia- 
cetylcholine and Cannabis and cannabinoid drugs structure-activ- 
ity relationships which have been developed are also included. The 
final section is concerned with the biochemical and pharmacologi- 
cal actions of the drugs in each class and their mechanism of ac- 
tion. 


This volume presents the information on the topics covered in a 
broad and interesting manner and should be of value to pharma- 
ceutical scientists. 


Reviewed by John W. Poole 
Wyeth Laboratories, Znc. 
Philadelphia, PA 19101 


The Suppository. By B. R.. GUILLOT and A. P. LOMBARD. 
Maloine S. A., 27, rue de 1’Ecole de Medecine, 75006 Paris, 
France, 1973.143 pp. 16.5 X 24 cm. 
“The Suppository” is a multiauthor paperback printed on glossy 


paper. The style and editorial arrangement of the booklet are a t  
times less than perfect, but perhaps, this is to be anticipated in the 
first English edition. In reading the booklet one has the impression 
of having read a company brochure. The photographs and figures 
are good and numerous. 


The first section of the booklet introduces and defines the role 
of the suppository in modern medicine, discusses the manufacture 
of semisynthetic glycerides, and illustrates some applications of 
chromatography to the investigation of glycerides. The crystallog- 
raphy of fats and the polymorphism of fats are discussed in an in- 
teresting manner under separate headings. 


In the sections on manufacture and control the relation of the 
department of galenical pharmacy to other departments in a phar- 
maceutical firm is described in terms of product design, adjuvants, 
variations, and formulations. The manufacture of suppositories is 
classified as manual, semiautomatic, and automatic production. 
Detailed floor plans, personnel, photographs, and sources of Euro- 
pean equipment are given. Difficulties encountered in manufactur- 
ing, control methods, and packaging complete the section on man- 
ufacturing. 


The remainder of the booklet covers toxicity and tolerance of 
suppositories and the physiology of the rectum. Some in vitro ap- 
paratus for testing suppositories are diagrammed. Some aspects of 
formulation on bioavailability are summarized, and specific exam- 
ples are erythromycin, aminosalicylic acid, eserine (physostig- 
mine), and sulfisoxazole. 


“The Suppository” is a specialized booklet of interest to phar- 
macists engaged in suppository production and to those who desire 
a complete reference library. 


Reviewed by Eugene L. Parrott 
College of Pharmacy 
University of Iowa 
Iowa City, I A  52242 


A Chemist’s Guide to  Regulatory Drug Analysis. By DANIEL 
BANES. Association of Official Analytical Chemists, Box 540, 
Benjamin Franklin Station, Washington, DC 20044, 1974. vi + 
133 pp. 15 X 23 cm. Price $7.00. 
The laboratory duties of a chemist involved in regulatory drug 


analyses are performed not in isolation but within the framework 
of current activities and legal restraints of the regulatory body as a 
whole as well as in relationship to official and reference informa- 
tional sources. In this book, the author explores these interrela- 
tionships and, as stated in the preface, aims in particular “to ac- 
quaint the reader with the basis of the legal requirements con- 
cerning the composition of drug products in the legitimate chan- 
nels of commerce, to indicate the affinity of purpose between the 
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Percutaneous Absorption of Drugs IV: 
Percutaneous Absorption of Drugs from Oily Vehicles 


MITSUNORI WASHITAKE *x, TOSHIO ANMO *, ICHIRO TANAKA *, 
TAKAIC!HI ARITA $, and MASAHIRO NAKANO $. 


Abstract 0 The percutaneous absorption and retention of salicyl- 
ic acid and carbinoxamine from four oily vehicles (liquid paraffin, 
oleic acid, hexadecyl alcohol, and isopropyl myristate) were stud- 
ied by employing a recirculation apparatus. The absorption fol- 
lowed first-order kinetics, with the exception of the initial period. 
The vehicle that  had a strong affinity to the drug showed a poor 
drug-releasing effect, and poor absorption and retention of drugs 
by the skin were observed. Higher absorption rate constants were 
observed for damaged skin than intact skin. The acceleration of 
absorption because of skin damage, however, was not so great from 
liquid paraffin as from the aqueous solution. The amount of drugs 
retained in the damaged skin declined following the initial in- 
crease. 


Keyphrases 0 Salicylic acid in oily vehicles-correlations be- 
tween in uztro adsorption and in uiuo percutaneous absorption, 
physicochernical parameters 0 Carbinoxamine in oily vehicles- 
correlations between in uitro adsorption and in uiuo percutaneous 
absorption, physicochemical parameters 0 Vehicles, oily-percu- 
taneous absorption of salicylic acid and carbinoxamine from liquid 
paraffin, hexadecyl alcohol, oleic acid, and isopropyl myristate 
Ahsorption, percutaneous-salicylic acid and carbinoxamine from 
oily vehicle:, intact and damaged skin 


In previous studies (1-3), the percutaneous absorp- 
tion of salicylic acid and carbinoxamine was investi- 
gated using the intact and damaged skin of male 
guinea pigs. The factors involved in the percutaneous 
absorption from aqueous solutions were examined by 
measuring the amount of the drugs retained in the 
skin and the amount lost from the recirculating solu- 
tions. Ointment and cream bases are generally used 
in topical dosage forms. I t  is, therefore, possible that 
these vehicles interact with drugs and modify their 
release rate from the bases. Moreover, vehicles may 
have effects on the permeability of drugs through the 
cutaneous tissue barrier and on the barrier itself. 


The percutaneous absorption of drugs from vegeta- 
ble oils and animal fats that tend to penetrate 
through the skin was reported to be superior to that 
from mineral oils (4-6). The effects of various oily ve- 
hicles on the percutaneous absorption of salicylic 
acid was studied by measuring the amount of the 
drug excreted in the urine; the drug was substantially 
absorbed from lard and lanolin but only slightly ab- 
sorbed from petrolatum1 (7, 8). Strakosch (9) re- 
ported that the extent of absorption of salicylic acid 
was not affected by the type of emulsion, but Stolar 
et al. (10) pointed out that the extent of absorption 
of drugs varies with the type of emulsion. 


The absorption of salicylic acid from hydrophilic 
ointment was less than that from yellow petrolatum, 
simple ointment, and absorption ointment, although 
the influence of the ointment base was not great (11). 


' Vaseline. 


Studies on the absorption of salicylic acid from poly- 
ethylene glycol 400 and four other hydrophilic vehi- 
cles showed that the partition coefficient of the drug 
between the vehicle and benzene was well correlated 
with the degree of drug absorption from the vehicle 
(12). An experimental model for the thermodynamic 
consideration of the relation between the vehicle and 
percutaneous absorption was presented (13, 14), but 
many problems remain to be solved. 


In the present study, the authors used oily vehicles 
to examine the influence of four different types of 
bases, i .e.,  liquid paraffin, oleic acid, hexadecyl alco- 
hol, and isopropyl myristate, on the percutaneous ab- 
sorption of drugs and compared the absorption from 
the oily vehicles with that from aqueous solutions. 


EXPERIMENTAL 


Drugs-Salicylic acid (pKa = 3.0) was employed as an acidic 
drug, and carbinoxamine (pKa = 8.9) was used as a basic drug. 
These drugs were dissolved in hexadecyl alcohol, oleic acid, o r  iso- 
propyl myristate to give a concentration of 500 pg/ml. Carhinox- 
amine was dissolved in liquid paraffin to give concentrations of 
250, 500, and 1000 pg/ml; the concentrations of salicylic acid were 
75, 150, and 300 pg/ml because of its poor solubility in liquid par- 
affin. 


Oily Vehicles-Light liquid paraffin (specific gravity 0.855, hp 
180-190°/5 mm Hg), hexadecyl alcohol (2-hexyl-1-decanol, specific 
gravity 0.842, bp 195-205'/50 mm Hg), oleic acid (specific gravity 
0.895, bp 230-235'/15 mm Hg), and isopropyl myristate (specific 
gravity 0.850, bp 158-160°/5 mm Hg) were used immediately after 
distillation of the reagent grade oils. 


Absorption Experiments-A recirculation apparatus, de- 
scribed previously ( l ) ,  was fixed to the abdominal skin of a male 
guinea pig, 300-400 g, after removal of the abdominal hair with an 
electric hair clipper. The abdominal skin from which the stratum 
corneum was removed by stripping 20 times with cellophane adhe- 
sive tape was used as a damaged skin. During the recirculation of 
test solutions a t  a constant flow rate, an aliquot of the test solution 
was pipetted at fixed time intervals and the amount of the drug 
absorbed was calculated from the decrease in the concentration of 
the drug in the recirculating solution. Experimental conditions 
were the same as reported previously (1-3): area of skin, 2.25 K 
cm2; temperature of solutions, 31 f lo; recirculating flow rate, 15 
f. 5 ml/min; solution volume, 25 ml; and room temperature, 2 3  f 
2". 


Measurement of Cutaneous Retention of Drugs-Male guin- 
ea pigs were killed immediately after recirculation of a drug solu- 
tion for a given time, and the area of the abdominal skin to which 
the apparatus was fixed was wiped with absorbent cotton to re- 
move the drug solution. The skin of the area was then excised to 
the corium, and the drug in the skin was determined by the analyt- 
ical methods described previously (2,3). 


Determination of Parti t ion Coefficients-Ten milliliters of 
an isotonic solution of sodium chloride was added to 10 ml of the 
oily vehicles containing the drug a t  the same concentrations as the 
test solutions in the absorption experiment. The mixtures were im- 
mersed in a thermostated water bath a t  31", and the container was 
shaken in the bath for 30 sec every 10 min. When equilibrium was 
attained (approximately 4 hr), the oily phase was separated by 
centrifuging and the drug concentration was determined spectro- 


Vol. 64, No. 3, March 19751397 







0 1 2 3 4 5 6 
HOURS 


Figure 1-Logarithmic plots of salicylic acid remaining i n  
the recirculating liquid parafin solution against  time. In i t i a l  
concentrations of salicylic acid were 300 (*) a n d  150 (Q) Irglml 
(mean f standard error of five experiments). 


photometrically. The partition coefficient was calculated by com- 
parison of the equilibrium concentration with the initial concen- 
tration of the drug in the oily vehicle. 


Determination of Solubility of Salicylic Acid-Each oily ve- 
hicle was placed in a glass-stoppered test tube, and excess salicylic 
acid was added. The tubes were then shaken in the thermostated 
water bath. An aliquot of the supernate was pipetted a t  fixed time 
intervals until the equilibrium concentration was obtained. The 
equilibrium value was taken as the solubility of drug in the oily ve- 
hicles. 


Experiment on Adsorption of Drugs to  Excised Skin In 
Vitro-Twenty milliliters of each oily vehicle containing a known 
amount of drug was placed in a glass-stoppered 50-ml test tube, 
and a section of abdominal skin (2.25 T cm* in size) of the guinea 
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Figure 2-Logarithmic plots of salicylic acid remaining in 
various oily vehicles against time. Key: e, liquid parafin; 0, 
oleic acid; H, hexadecyl alcohol; and U, isopropyl myristate. 
Initial concentrations of salicylic acid were 300 pg/ml in 
liquid parafin and 500 pg/ml in the rest. Each plot represents 
the mean of three to six experiments. 
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Figure 3-Logarithmic plots of carbinoxamine remaining in 
various oily vehicles against time. Key: e, liquid parafin; 0, 
oleic acid; H, hexadecyl alcohol; a n d  0, isopropyl myristate. 
Ini t ia l  concentrations of carbinoxamine were 500 pg /ml. 


pig was added. The tube was placed in the thermostated water 
bath a t  31' and shaken occasionally. An aliquot of the solution was 
withdrawn a t  suitable time intervals over 96 hr to determine the 
equilibrium amount of drug adsorbed by the excised skin. 


Change in Solution Volume-The change in the solution vol- 
ume during the experimental period was determined because ab- 
sorption of the oily vehicle through the skin was expected. The vol- 
ume of the test solution a t  the starting point of this experiment 
was compared with that after recirculation for 6 hr. The absorp- 
tion of the oily vehicles through both the intact skin and the dam- 
aged skin during the experimental period was negligible. 


Determination of Salicylic Acid in Oily Vehicles-Salicylic 
acid in oleic acid was determined by the colorimetric method using 
ferric nitrate (15). Determination of salicylic acid in the other oily 
vehicles was carried out by partly modifying the method used for 
determination of the drug in an aqueous solution (1). One milliliter 
of the test solution was placed in a glass-stoppered test tube, and 2 
ml of chloroform and 8 ml of 0.2 N NaOH were added. After shak- 
ing for 20 min, the tube was centrifuged and 2 ml of the aqueous 
layer was transferred to another test tube. To this tube was added 
5 ml of chloroform. After shaking for 20 min and centrifuging, sali- 
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Figure 4-Percutaneous absorption and  retention patterns of 
salicylic acid. Key: e, amount retained in the slzin from liquid 
parafin; 0, amount absorbed from liquid parafin; M, amount 
retained in the skin from buffer solution, p H  3.0; and  :, 
amount absorbed from buffer solution, pH 3.0. Ini t ia l  concen- 
trations of salicylic acid were 300 pg 'ml in liquid paraf in  and  
500 pg/ml in  the buffer solution. 
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Table I--Relationship between Percutaneous Absorption a n d  Physical Properties of Drugs 


Drugs 


Amoun t  
Amoun t  Water-Oil Adsorbed by 


Absorbed Solubility Par t i t ion Excised 
Skin I n  


Vitro,  mg 
during at 31°, Coefficient 


Oily Vehicles 1-6 hr, % m g / m l  at  31" 


Salicylic acid Liquid paraffin 1 4 . 6  0.495 
Isopropyl myris ta te  1 . 7  4 3 . 1  
Hexadecyl alcohol 1 . 6  7 9 . 2  
Oleic acid 1 . 5  4 5 . 2  


4 1 . 5  3 . 5 6  
0 . 1 7  2 . 2 6  
0.17 1 . 5 7  
0 . 2 4  0 . 7 3  


Carbinoxamine Liquid paraffin 2 . 8  Very 0 . 4 9  0 . 9 2  


Isopropyl myris ta te  1 . 7  1.09 1.18 
Hexadecyl alcohol 0 .0  0.51 0.16 


soluble 


Oleic acid 0 .0  1.02 0.001 


cylic acid in the chloroform layer was determined spectrophoto- 
metrically a t  310 nm. 


Determination of Carbinoxamine in Oily Vehicles-Carbi- 
noxamine in oily vehicles was determined by partly modifying the 
previously reported method (1) for the determination of the drug 
in an aqueous solution. One milliliter of test solution was placed in 
a glass-stoppered test tube, and 2 ml of chloroform and 8 ml of 0.2 
N HCI were added. After shaking for 20 min, the tube was centri- 
fuged, 3 ml of the aqueous layer was transferred to  another test 
tube, and 1 ml of 2 N NaOH and 6 ml of chloroform were added. 
After shaking the tube for 20 min, it was centrifuged and carbinox- 
amine in the chloroform layer was determined spectrophotometri- 
cally at  262.5 nm. 


The calibration curves of both salicylic acid and carbinoxamine 
in oily vehicles were obtained in the 75-1000-pg/ml concentration 
range prior to  the determination of both drugs in oily vehicles. The 
standard deviation of these data was 1.3%, and these methods were 
able to  determine the drugs with sufficient precision. 


Determination of Drug  Contents in Skin-Salicylic acid and 
carbinoxamine in the skin were determined by the method de- 
scribed previously (2). 


RESULTS AND DISCUSSION 


Absorption of Drugs through Intact  Skin-Percutaneous 
Absorption of Drugs from Oily Vehicles -When the logarithmic 


0 1 2  3 4 5 6 7 8 
HOURS 


concentrations of salicylic acid in liquid paraffin were plotted 
against time, straight lines were obtained except for the initial pe- 
riod (Fig. l). The slopes of the lines were independent of the initial 
concentration of drug. Similar straight lines also were obtained 
with carbinoxamine. Therefore, the disappearance of the drugs 
from liquid paraffin followed first-order kinetics as was the case 
from the aqueous solution (1). 


From the measurement of salicylic acid concentrations in the re- 
circulating medium a t  1 and 6 hr of perfusion for three initial con- 
centrations of 75, 150, and 300 pg/ml, the percentage of salicylic 
acid absorbed during the 5-hr period was calculated for each initial 
concentration. The values were around 15% irrespective of the ini- 
tial concentration. Similarly, the percentage of carbinoxamine ab- 
sorbed during the same period was around 2.8 for three initial con- 
centrations of 250, 500, and 1000 pg/ml. These observations indi- 
cate no saturation phenomenon in the concentration range and 
thus tend to suggest that the percutaneous absorption of both 
drugs from liquid paraffin is a simple passive transport. 


Figure 2 shows the time course of absorption of salicylic acid 
from hexadecyl alcohol, oleic acid, and isopropyl myristate togeth- 
er with that from liquid paraffin. The corresponding plots for car- 
binoxamine are presented in Fig. 3. Little carbinoxamine was ab- 
sorbed from oleic acid, whereas some carbinoxamine disappeared 
from hexadecyl alcohol only during the 1st hr. For all salicylic acid 
systems and carbinoxamine in liquid paraffin and isopropyl myris- 
tate, the drug concentration of the recirculating solutions de- 
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Figure 5---Percutaneous absorption and retention patterns of 
carbinoxamine. K e y :  0, amount retained in the skin from 
liquid parafin; 0, amount absorbed from liquid parafin; m, 
amount retained in the skin from buffer solution, p H  9.0; and 
0, amount ubsorbed from buffer solution, p H  9.0. Initial con- 
centrations of carbinoxamine were 500 p g j m l .  


Figure 6--Logarithmic plots of salicylic acid remaining in the 
recirculating solution against time. K e y :  0 ,  liquid parafin on 
intact skin; 0, liquid parafin on damaged skin; m, buffer solu- 
tion, p H  3.0, on intact skin; and 0,  buffer solution, p H  3.0, on 
damaged skin. Initial concentrations o f  salicylic acid were 500 
pglml in the buffer solution and 300 pg/ml in liquid parafin. 
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Table 11-Relationship between Percutaneous Absorption of 
Salicylic Acid a n d  Composition of Vehicle 


Composition of 
Vehicle, % Amount  Water-Oil 


Absorbed Solubili tv Pa r t i t i on  
Liquid Isopropyl during at 31°," Coeffic5nt 


Paraffin Myris ta te  1-6 hr, '% m g / m l  at 31 


100 0 14 .6  0.495 41.5 
90 10 5 . 7  3.21 1.73 
75 26 3 9  7.97 0.75 . _  ~. 


50 50 2.8 17.6 0.39 
25 75 2 .6  29.5 0.27 


0 100 1 . 7  43.1 0.17 


creased, following first-order kinetics after a lapse of the initial pe- 
riod. 


The solubilities of salicylic acid in these vehicles and the water- 
oil partition coefficients of both drugs were investigated to exam- 
ine the cause of the difference in the percutaneous absorption 
among these vehicles (Table I). The solubility of salicylic acid in 
liquid paraffin was lower than that in other solvents, whereas the 
water-oil partition coefficient was higher. These physical proper- 
ties of salicylic acid may account for its greater absorption from 
liquid paraffin than from other oils. For carbinoxamine, however, 
the difference in the amount absorbed among these vehicles was 
not so great because its partition coefficients were all small and of 
similar magnitude. 


The amount of drug adsorbed by the excised skin in uitro from 
the four different vehicles (Table I) seems to be related to absorp- 
tion in the initial period from the recirculating solution (Fig. 2). 
Only a trace of carbinoxamine was adsorbed from oleic acid, while 
the amounts absorbed from liquid paraffin and isopropyl myris- 
tate were as large as about 1 mg. This finding is also reflected by 
absorption of carbinoxamine in the initial period (Fig. 3). 


To examine the correlation between the affinity of a drug to ve- 
hicles and the amount absorbed, liquid paraffin and isopropyl my- 
ristate, which differ widely from each other in solubility and ab- 
sorption characteristics of salicylic acid, were mixed in different 
proportions, and the variation of percutaneous absorption of sali- 
cylic acid with solvent composition was investigated (Table 11). 
The solubility of salicylic acid in the vehicles increased and the 
water-oil partition coefficient decreased as the proportion of iso- 
propyl myristate was increased. Thus, it became evident that  the 
amount of the drug absorbed tends to decrease as the affinity of 
drug to the vehicle is increased. 


Kakemi et  al. (16) postulated two mechanisms for rectal absorp- 
tion of sulfonamides from oils: the drug dissolved in the oil is ab- 
sorhed into the rectal mucosa either directly or through the muco- 
sal secretion. When the latter mechanism prevails over the former, 
the water-oil partition coefficient of the drug between the aqueous 
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Figure 7-Logarithpic plots of carbinoxamine remaining in  
the recirculating solution against  time. Key: 0,  liquid paraf in  
on intact skin; 0, liquid paraf in  on damaged skin; u, buffer 
solution, pH 9.0, on intact skin; and  0, buffer solution, pH 9.0, 
on damaged skin. Ini t ia l  concentrations of carbinoxamine were 
500 pg/ml. 
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Figure 8-Percutaneous absorption pat tern of salicylic acid 
from liquid parafin. Key: 0, amount retained in intact skin; 0, 
amount retained in  damaged skin; u, percent remaining in 
liquid parafin applied on intact skin; a n d  0, percent remaining 
in  liquid paraffin applied on damaged skin. Ini t ia l  concentra- 
tions of salicylic acid were 300 pglml. 


and oily phases is expected to influence greatly the absorption rate 
of drugs. In the reverse situation, this would not be true. 


As in the case of rectal absorption of drugs from oils, these two 
mechanisms may be considered for percutaneous absorption, i .e.,  
direct absorption and absorption uia the aqueous secretion (se- 
creted by the skin). The second mechanism is more likely to be 
predominating in the percutaneous absorption of salicylic acid 
from oils. This proposition is based on the fact that the amount of 
salicylic acid absorbed from liquid paraffin, which has a large 
drug-releasing ability (high partition coefficient), was much larger 
than that from other oils having a strong affinity to salicylic acid 
and very poor drug-releasing power (low partition coefficient). The 
absorption of carbinoxamine, on the other hand, cannot be inter- 
preted similarly and requires further consideration. 


Time Course of Cutaneous Retention of Drugs from Oily Vehi- 
cles-Figure 4 shows the comparison of the amount of salicylic 
acid absorbed and that retained in the skin when two different ve- 
hicles (z.e., liquid paraffin and an aqueous solution) were used. A 
similar comparison is presented for carbinoxamine in Fig. 5 .  The 
amount retained in the skin and that absorbed from the aqueous 
vehicle increased with time in a similar manner during the initial 
stage of the experiment with salicylic acid as described previously 
(2). But the former quickly approached a plateau value. 


From the liquid paraffin, however, the amount absorbed during 
the initial period was much larger than the amount retained. After 
6 hr of recirculation, the ratio of the amount of the drugs retained 
to that absorbed from liquid paraffin was lower than that from the 
aqueous vehicle, i.e., 0.20 and 0.25 from liquid paraffin for salicylic 
acid and carbinoxamine, respectively, and 0.45 and 0.35 from the 
aqueous solution for the same drugs, respectively. A similar trend 
was observed for the other three oily vehicles. 


These variations in cutaneous retention phenomenon with the 
nature of the vehicle may be attributed to the fact that the stra- 
tum corneum is highly swollen with water when the vehicle is an 
aqueous solution, whereas no swelling takes place when oily vehi- 
cles such as liquid paraffin are employed. The swelling may en- 
hance the retention of drugs because it increases the volume of the 
stratum comeum. 


Absorption of Drugs through Damaged Skin-Percutaneous 
Absorption of Drugs from Oily Vehicles-In Figs. 6 and 7 the per- 
centage of salicylic acid or carbinoxamine remaining in the recircu- 
lating solution is plotted against time for the aqueous solution and 
liquid paraffin. Absorption kinetics are also compared between the 
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Figure 9---Percutaneous absorption pattern of carbinoxamine 
from liquid paraf in .  Symbols are the same as in Fig. 8. Initial 
concentrations of carbinoxamine were 500 pglml .  


intact and damaged skins. From the aqueous solution, the absorp- 
tion rate constant through the damaged skin during the 1-6-hr re- 
circulation period was about 10 times greater for salicylic acid and 
3 times greater for carbinoxamine than the corresponding rate 
constant through the intact skin. However, the absorption rate 
constant of the drugs through the damaged skin from liquid paraf- 
fin was only about twice as much as that through the intact skin. 


These results indicated that the damaged skin is particularly 
permeable to  drugs dissolved in water. Drugs dissolved in liquid 
paraffin may also be absorbed through the damaged skin after 
being released into an aqueous secretion. Thus, the transfer of the 
drug into the secretion from oil may be considered the rate-deter- 
mining step. 


Time Course of Cutaneous Retention of Drugs-Figures 8 and 
9 show the percentage of the drug absorbed from the recirculating 
liquid paraffin solution and the corresponding amount retained in 
the skin for the damaged and intact skins plotted against time. As 
for salicylic acid (Fig. 8), the amount retained in the damaged skin 
was less than that in the intact skin and tended to decrease after 2 
hr. The absorption of the drug through the damaged skin from the 
recirculating solution was so rapid that the concentration of the 
drug remaining in the recirculating solution was decreased to 80% 
of the original concentration after 2 hr of recirculation and to 60% 


after 6 hr. Thus, the decrease in salicylic acid concentration in the 
solution as perfusion continues is most likely to be responsible for 
the decrease in the amount retained in the skin. Such a decrease 
was not observed in the intact skin. 


As for carbinoxamine, on the other hand, the amount retained in 
the dimaged skin was larger than that in the intact skin during the 
6 hr of recirculation, but the situation was reversed after 6 hr (Fig. 
9). The carbinoxamine concentration in the recirculating solution 
remained a t  90% of the initial concentration even after 6 hr of re- 
circulation. The amount of carbinoxamine retained in the dam- 
aged skin showed a tendency to decrease only after 6 hr. 


These results suggest that  the observed difference in cutaneous 
retention behavior of drug between the intact and damaged skins 
is attributed to the better absorption of drug through the damaged 
skin than through the intact skin, whereby the concentration of 
drug in the recirculating solution falls during the experiment. 
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acids. The reported reversible atherosclerosis in Rhesus monkeys 
adds further potential significance to these observations in rats 
(8). This reversible atherosclerosis was achieved through dietary 
control. The ingestion of lysine-supplemented rations, wherein the 
protein component has been improved biologically by the addition 
of an essential amino acid, may prove to be practical in human nu- 
trition. 
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Utility of Fasting Essential Amino Acid Plasma Levels in 
Formulation of Nutritionally Adequate Diets IV: 
Lowering of Human Plasma Cholesterol and Triglyceride 
Levels by Lysine and Tryptophan Supplementation 


P. K. RAJA and C. I. JAROWSKIX 


Abstract The administration of capsules containing L-lysine 
monohydrochloride (0.205 g) and L-tryptophan (0.069 g) three 
times daily after meals resulted in a significant drop in plasma 
cholesterol and triglyceride levels. The proportion of amino acids 
in the blend was derived from the average fasting plasma essential 
amino acid profile. 


Keyphrases 0 Lysine and tryptophan supplementation-effect 
on human plasma cholesterol and triglyceride levels Tryptophan 
and lysine supplementation-effect on human plasma cholesterol 
and triglyceride levels 0 Amino acid supplementation-effect of 
added lysine and tryptophan on human plasma cholesterol and tri- 
glyceride levels Cholesterol and triglyceride levels-effect of ly- 
sine and tryptophan supplementation, humans 0 Nutrition-ef- 
fect of lysine and tryptophan supplementation on human plasma 
cholesterol and triglyceride levels 


~~ 


Earlier studies demonstrated that the molar pro- 
portions of the essential amino acids in the fasting 
plasma of Sprague-Dawley rats (1-3), Wistar rats, 
and humans (4) were useful in (a) determining the 
order of limiting essential amino acids in rations, (b) 
preparing chemically defined synthetic diets, (c) 
ranking diets according to their biological value and 
net protein utilization, and (d) lowering serum cho- 
lesterol levels in Sprague-Dawley rats by L-lysine 
supplementation. 


This paper presents another application of the 
fasting plasma profile concept in a nutritional study 
conducted with adult humans. Supplementation of 
the normally varied human dietary regimen with L- 
lysine and L-tryptophan was investigated since these 
essential amino acids are most frequently limiting. It 


was reasoned that provision of two essential amino 
acids usually found to be limiting would improve the 
biological value and net protein utilization of each 
meal. The great variety of protein combinations con- 
sumed by humans on ad libitum dietary regimens 
would be a complicating feature in a supplementa- 
tion study. Lowering of serum cholesterol levels in 
Sprague-Dawley rats had been achieved by lysine 
supplementation of a standardized ration (2). Never- 
theless, it was decided to determine the effect of L- 
lysine and L-tryptophan supplementation on the 
plasma levels of cholesterol and triglycerides in hu- 
mans. 


EXPERIMENTAL 


Derivation of Capsule Formula-The average fasting human 
plasma concentrations of lysine and tryptophan are 0.170 and 
0.052 mmole/liter, respectively (4). Thus, the ratio of lysine to 
tryptophan on a molar basis is 3.27 to 1. A blend of 595 g of L-lys- 
ine monohydrochloride (3.27 moles) and 204 g of L-tryptophan (1 
mole) was prepared. Hard gelatin capsules (No. 1) were hand filled 
with 0.274 g of the blend. Each capsule contained 0.069 g of L- 
tryptophan and 0.205 g of L-lysine monohydrochloride. This level 
of supplementation was judged to be satisfactory. The minimum 
daily requirement of L-tryptophan and L-lysine for adult males 
had been established (5,6) t o  be 0.25 and 0.80 g, respectively. 


Human Volunteers Studied-Six persons participated in the 
study’. Phenotyping of the hyperlipidemia or hyperlipoproteine- 
mia was established by zone electrophoresis, using agarose as the 


l M.S.C., 48 years old, and S.C., 22 years old, mother and daughter, re- 
spectively, were members of a family with a history of hyperlipidemia. M.B. 
and D.G. were 56-year-old females. A.Z. was a 40-year-old male who was in- 
cluded in the study in spite of his being a moderate alcoholic. G.C. was a 42- 
year-old male who had been on clofibrate for several months. 
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Table I-Effect of Lysine a n d  Tryptophan Supplementat ion on P la sma  Levels of Triglycerides a n d  
Cholesterol in H u m a n s  


Subject  Plasma Concentration (mg % ) of Triglycerides a n d  Cholesterol 


M.S.C. Triglycerides 1725, 0 days  1200, 10 days  1365, 20 days  1565, 24 days  - 


S.C. Triglycerides 215, 0 days  180, 6 days  162, 15 days  150, 30 days  102, 60 days  
Cholesterol 216, 0 days  203, 6 days  203, 15 days  210, 30 days  180, 60  days  


M.B. Triglycerides 250, 0 days  230, 7 days  200, 15 days  140, 30 days  148, 60 days  
Cholesterol 350, 0 days  310, 7 days  310, 15 days  302, 30 days  288, 60  days  


Cholesterol 380, 0 days  302, 10 days  380, 20 days,‘ 335, 24 days  .- 


A.Z. Triglycerides 235, 0 days  195, 7 days  257, 17 days  195, 24 days  - 
Cholesterol 200, 0 days  185, 7 days  210, 17 daysb 188, 24 days  - 


D.G. Triglycerides 288, 0 d a y s  172, 7 days  - - - 


Cholesterol 240, 0 days  200, 7 days  - - -_ 
G.C. Triglycerides 255, 0 days  205, 7 days  - - - 


Cholesterol 252, 0 days  265, 7 days  - - - 


Subject consumed 1 dozen clams as an appetizer the night before. * Subject attended a cocktail party the night before. 


support medium (7-9). This correlated well with the fasting plas- 
ma lipid assays as well as the appearance of the plasma samples 
after storage at  2-6’ for 24 hr. All hyperlipoproteinemias were 
classified as Type IV, with the exception of Subject M.S.C. whose 
hyperlipoproteinemia was classified as Type V. 


Protocol-All volunteers were instructed to continue their ad 
libitum dietary regimens but to take one capsule of the amino acid 
blend after each meal. In the case of Subject G.C., clofibrate was 
discontinued. 


Analytical Procedure-After a 12-14-hr fast, approximately 
20 ml of blood was drawn and placed in a tube containing edetic 
acid. After centrifuging to remove the cellular elements, the super- 
nate was analyzed by established colorimetric procedures for cho- 
lesterol (10) and triglycerides (11) .  Averages for the duplicate as- 
says performed are summarized in Table I. 


DISCUSSION 


The data in Table I show a downward trend in triglyceride levels 
in all six patients. Significant decreases were observed for S.C. 
(53%). M.B. (41%), and D.G. (41%). Subject G.C., formerly on clofi- 
brate, showed a 20% decrease in plasma triglycerides after taking 
the amino acid pair for 7 days. The decrease in plasma cholesterol 
in five subjects ranged from 6 to 18%, but G.C. showed a 5% in- 
crease. 


Hyperlipidemia or hyperlipoproteinemia can occur because of 
an increased exogenous load of cholesterol or triglyceride entering 
from the intestine as chylomicrons. It can also occur because of an 
increased release of endogenous glyceride and cholesterol entering 
from the liver and intestine as pre-@-lipoproteins. This increased 
release of lipid may be secondary to a greater flux of lipid precur- 
sors like fatty acids or carbohydrates or because of de nouo synthe- 
sis. Hyperlipoproteinemia can occur because of a failure of the end 
organs, adipose tissue, and muscle sometimes to assimilate lipid 
due to defects in the clearing enzymes. Hyperlipoproteinemia can 
also occur because of abnormal solubility properties of the plasma 
or ahnormalities in the lipoproteins themselves. 


All of these factors are further modified by the general state of 
protein and carbohydrate metabolism and the action of a number 
of hormones acting predominantly by promoting lipogenesis or li- 
polysis in the adipose tissue, muscle, or liver. Hyperlipidemia or 
hyperlipoproteinemia is thus a symptom of a heterogeneous group 
of disorders that  differ in clinical manifestations, prognosis, and 
responsiveness to therapy (12). 


It has not been established whether lowering of serum cholester- 
ol and triglyceride levels has a detrimental, a beneficial, or no ef- 
fect on the morbidity or mortality due to atherosclerosis or coro- 
nary heart disease. Albrink (131, however, reported that the aver- 
age incidence rate of coronary heart disease is doubled for individ- 
uals having cholesterol serum levels in the range of 239-261 mg % 
as compared with those individuals having levels in the 96-195- 
mg % range. In addition, the incidence of coronary heart disease 
was greater than fivefold for individuals having a serum triglycer- 
ide concentration in the 176-490-mg% range as compared with 
those with a range in concentration of 20-75 mg%. Thus, the 
downward trend in plasma levels of cholesterol and triglyceride 


achieved in this investigation by the administration of two essen- 
tial amino acids given after meals is most encouraging. No toxic ef- 
fects were expected and none has been encountered in any of the 
six subjects to date. The data obtained have led to the broadening 
of the scope of the investigations to attempt to establish the opti- 
mal dosage regimen, the effect of other amino acids and combina- 
tions, and the mechanism for the observed lipid lowering. 


Levy and Langer (14) differentiated the hyperlipidemic drugs as 
follows: those that act by decreasing lipoprotein synthesis (nicotin- 
ic acid) and those that promote lipoprotein catabolism (cholestyra- 
mine). In the present investigation, the intermediary metabolic 
conversion of L-tryptophan to nicotinic acid was considered to be a 
possible mechanism. However, hypolipidemic doses of nicotinic 
acid range from 4.5 to 6 g/day. A mechanism proposed at  this time 
is that, with the greater net protein utilization achieved with stra- 
tegic supplementation, less essential and nonessential amino acids 
will be available for intermediary metabolic conversion to choles- 
terol and triglyceride intermediates (acetate, acetoacetic acid, ace- 
tone, pyruvic acid, etc.) .  
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BOOKS 


REVIEWS 
Advances in Drug Research, Volume 7. Edited by N. J. HAR- 


PER and ALMA B. SIMMONDS. Academic, 111 5th Avenue, 
New York, NY 10013,1973.231 pp. 15.5 X 23 cm. Price $15.50. 
The latest volume in this series consists of three chapters; one 


reviews the latest research on penicillin antibiotics, another de- 
scribes work to date on fibrinolysis, and the final chapter is a re- 
view of psychotomimetic agents. The chapters in each case reflect 
the primary interests of the individual authors, their backgrounds 
being chemist, clinician, and pharmacologist, respectively. How- 
ever, in all cases the importance of the multidisciplinary approach 
to drug research is apparent. 


The first chapter in the book, “Advances in Penicillin Re- 
search,” by J. H. C. Nayler is an updating of the review on penicil- 
lins and related structures published in the first volume of this se- 
ries and covers work done between the years 1963 and 1973. The 
newer preparative procedures for semisynthetic penicillins are re- 
viewed and the chemical properties of penicillins are discussed ex- 
tensively. This discussion is divided into reactions a t  the fl-lactam 
ring, the carboxyl group, sulfur atom, amino group, and the C6 po- 
sition. There are brief sections on the mechanism of action of peni- 
cillins and the problem of bacterial resistance to these agents. A 
major section of the chapter is concerned with antibacterial activi- 
ty in relation to structure and will be of particular interest to the 
medicinal chemist. The section concerned with behavior of penicil- 
lins in uiuo will be pertinent to a broad spectrum of pharmaceuti- 
cal scientists since it considers the distribution, elimination, and 
absorption of penicillins along with a brief discussion of various 
prodrugs which have been prepared and utilized clinically. .The 
final section of the chapter deals with hypersensitivity reactions 
and means of modifying or possibly eliminating this phenomenon. 
As noted, the data reported in this review are basically from the 
years 1963 to 1973 and are documented with over 300 references. 


The second chapter is written by a clinician, G. R. Fearnley, and 
describes the relatively little studied process of fibrinolysis. This 
chapter is clearly written and presents an excellent overview of the 
phenomenon of fibrinolysis. The chapter begins with the history of 
the development of studies on fibrinolysis and proceeds to adescrip- 
tion and definition of the components of this phenomenon and of 
the experimental techniques currently used in studies of fibrinoly- 
tic activity. Physiology of fibrinolytic activity and factors influenc- 
ing it along with possible mechanisms are described and the im- 
portance of fibrinolysis in occlusive vascular disease is discussed. A 
most important area discussed, of interest to researchers in the 
pharmaceutical sciences, is the pharmacological enhancement of 
fibrinolytic activity. .In uitro and in vivo tests for fibrinolytic activ- 
ity are discussed in this section along with correlation as well as 
lack of correlation observed. In addition, the various chemicals 
studied and tested clinically for enhancement of fibrinolysis are 
described. A discussion of pharmacological inhibition of fibrinoly- 
tic activity and the effect of pathological fibrinolysis along with a 
description of known antifibrinolytic drugs is also included. 


The final chapter in the book, “Psychotomimetic Drugs; Bio- 
chemistry and Pharmacology” is contributed by R. W. Brimble- 
combe. Psychotomimetic drugs are defined as “substances which 
will consistently produce changes in thought perception and mood 
occurring alone or in concert without causing major disturbances 
in the autonomic nervous system or other serious disability.” The 
author classifies the psychotomimetic drugs into four types: (a) 
sympathomimetic amines, (b) antiacetylcholine drugs, (c) Canna- 
bis and cannabinoids, and (d) miscellaneous. Drugs in each of the 
first three categories are described along with the in viuo responses 
observed in each instance. In addition, in the case of the antia- 
cetylcholine and Cannabis and cannabinoid drugs structure-activ- 
ity relationships which have been developed are also included. The 
final section is concerned with the biochemical and pharmacologi- 
cal actions of the drugs in each class and their mechanism of ac- 
tion. 


This volume presents the information on the topics covered in a 
broad and interesting manner and should be of value to pharma- 
ceutical scientists. 


Reviewed by John W. Poole 
Wyeth Laboratories, Znc. 
Philadelphia, PA 19101 


The Suppository. By B. R.. GUILLOT and A. P. LOMBARD. 
Maloine S. A., 27, rue de 1’Ecole de Medecine, 75006 Paris, 
France, 1973.143 pp. 16.5 X 24 cm. 
“The Suppository” is a multiauthor paperback printed on glossy 


paper. The style and editorial arrangement of the booklet are a t  
times less than perfect, but perhaps, this is to be anticipated in the 
first English edition. In reading the booklet one has the impression 
of having read a company brochure. The photographs and figures 
are good and numerous. 


The first section of the booklet introduces and defines the role 
of the suppository in modern medicine, discusses the manufacture 
of semisynthetic glycerides, and illustrates some applications of 
chromatography to the investigation of glycerides. The crystallog- 
raphy of fats and the polymorphism of fats are discussed in an in- 
teresting manner under separate headings. 


In the sections on manufacture and control the relation of the 
department of galenical pharmacy to other departments in a phar- 
maceutical firm is described in terms of product design, adjuvants, 
variations, and formulations. The manufacture of suppositories is 
classified as manual, semiautomatic, and automatic production. 
Detailed floor plans, personnel, photographs, and sources of Euro- 
pean equipment are given. Difficulties encountered in manufactur- 
ing, control methods, and packaging complete the section on man- 
ufacturing. 


The remainder of the booklet covers toxicity and tolerance of 
suppositories and the physiology of the rectum. Some in vitro ap- 
paratus for testing suppositories are diagrammed. Some aspects of 
formulation on bioavailability are summarized, and specific exam- 
ples are erythromycin, aminosalicylic acid, eserine (physostig- 
mine), and sulfisoxazole. 


“The Suppository” is a specialized booklet of interest to phar- 
macists engaged in suppository production and to those who desire 
a complete reference library. 


Reviewed by Eugene L. Parrott 
College of Pharmacy 
University of Iowa 
Iowa City, I A  52242 


A Chemist’s Guide to  Regulatory Drug Analysis. By DANIEL 
BANES. Association of Official Analytical Chemists, Box 540, 
Benjamin Franklin Station, Washington, DC 20044, 1974. vi + 
133 pp. 15 X 23 cm. Price $7.00. 
The laboratory duties of a chemist involved in regulatory drug 


analyses are performed not in isolation but within the framework 
of current activities and legal restraints of the regulatory body as a 
whole as well as in relationship to official and reference informa- 
tional sources. In this book, the author explores these interrela- 
tionships and, as stated in the preface, aims in particular “to ac- 
quaint the reader with the basis of the legal requirements con- 
cerning the composition of drug products in the legitimate chan- 
nels of commerce, to indicate the affinity of purpose between the 
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reader’s labors and those legal requirements, and to call to the 
reader’s attention the burgeoning scientific literature pertaining to 
drug control.” In all three areas, a wealth of facts and information 
is presented from the viewpoint that can only be gained by many 
years of practical experience. 


In the first section of the book, the legal origins and applications 
relevant to regulatory drug analyses are presented and the pur- 
poses, functions, and responsibilities of regulatory drug analyses 
delineated. In the second section, the relevant scientific documents 
and literature resources, including domestic and foreign official 
regulatory methods, nonofficial compilations, reference treatises 
and texts, and publications are presented with a description of 
each. In the third section, the constructional features of methods 
suitable for, and useful in, regulatory drug analysis are described 
in detail. Although methods of analyses are in a continual state of 
flux as new procedures are developed, instrumentation becomes 
more sophisticated, or specifications more stringent, the basic 
principles remain unchanged. These are discussed relative both to 
monographs in existing pharmacopeias and to personal experi- 
ences of the author and associates in laboratory problems. 


The book should be particularly valuable for those chemists who 
are fairly new to the area of regulatory drug analyses, and at  the 
same time be of interest to experienced personnel in emphasizing 
the wide scope of their laboratory activities. 


Reviewed by W. N. French 
Health Protection Branch 
Department of National Health and 


Ottawa, Ontario, Canada 
Welfare 


.Amino-Acids, Peptides and Proteins. Volume 5. R. C. SHEP- 
PARD, Senior Reporter. The Chemical Society, Burlington 
House, London, WIV OBN, England, 1974.515 pp. 13 X 2.5 cm. 
Price €8.00. 
It is indeed encouraging to see that the high standard which was 


established by Dr. Young has been faithfully maintained by Dr. 
Sheppard in presenting this fifth report in the series of the litera- 
ture review in the field of amino acids, peptides, and proteins. The 
seven chapters of this volume provide a systematic and compre- 
hensive review of papers appearing during 1972 and make an ex- 
cellent addition to the earlier volumes. 


The first four chapters are devoted to the detailed survey of the 
literature on amino acids, structural investigations of peptides and 
proteins, peptide synthesis, and peptides with structural features 
not typical of proteins. Of special interest is the subject matter of 
Chapter 5 concerned with chemical structure and biological activi- 
ty as related to hormones and peptides, which have not been cov- 
ered in this series since Volume 1. The detailed review of this 


area therefore includes references from 1971 and earlier literature, 
as does the subject of Chapter 6 (Metal Derivatives of Amino 
Acids, Peptides, and Proteins) which covers papers appearing in 
1971 and 1972. 


The new and revised recommendations of the IUPAC-IUB 
Commission on Biochemical Nomenclature are included in Chap- 
ter 7 and in addition the present volume also includes definitive 
rules for one-letter notation for amino acid sequences for the pre- 
sentation of large amounts of data in a relatively compact form. 


The researchers in the area of amino acids, peptides, and pro- 
teins will greatly benefit from the indispensable service provided 
by this volume, however, it is sincerely hoped that such surveys of 
the literature in future volumes will be relatively more expedient. 


Reviewed by A. Kapoor 
College of Pharmacy and Allied Health 


S t .  John’s Uniuersity 
Jamaica, NY 11 739 


Professions 


Pills, Profits, and Politics. By MILTON SILVERMAN and 
PHILIP R. LEE. University of California Press, Berkeley, Calif., 
1974.421 pp. 16 X 24 cm. Price $10.95. 
In this book, the authors offer a well-documented, readable ac- 


count of the roles and forces affecting those involved in the drug 
distribution chain-from researcher to consumer. They detail the 
drug industry’s researchlpromotionlpricinglprofit policies, discuss 
physician prescribing habits, outline the history of federal legisla- 
tion and regulation, and examine the interrelationships between 
legislators, manufacturers, prescribers, and dispensers. The con- 
tinuing drug quality and generic versus brand name controversy is 
discussed, as is the discrepancy in drug pricing schedules between 
community pharmacies, hospitals, and nursing homes. Individual 
chapters are also devoted to adverse drug reactions and OTC prod- 
uct efficacy. 


Of particular interest is the chapter entitled “Pharmacy: Revo- 
lution in the Making.” Here the authors trace the role of the phar- 
macist and assert that “It is the pharmacist who can play a vital 
role in assisting physicians to prescribe rationally, who can help 
see to i t  that the right drug is ordered for the right patient, at the 
right time, in the right amounts, and with due consideration of 
costs, and that the patient knows how, when, and why to use both 
prescription and nonprescription products. It is the pharmacist 
who has been most highly trained as an expert on drug products, 
. . . and who can serve both physician and patient as a knowledge- 
able advisor. It is the pharmacist who can take a key part in pre- 
venting drug misuse, drug abuse, and irrational prescribing.” 


Staff Review 
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Table I-Distribution and Elimination Rate Constants Table I-Organisms Investigated 


1 1 . 0  1 . 5  0 . 0 1  -, 4 . 0  
2 1 .0  0 . 1  0 . 0 1  + 4 . 0  
3 0 . 1  1 . 0  0 . 0 1  + 4 . 0  
4 0 . 1  0 . 1 5  0 . 0 1  + 4 . 0  


half-lives are increased between 1.4 and 3.3 times the 
minimum possible value. For most drugs, however, 
biological half-lives in conditions of normal renal 
function may be considerably longer than the mini- 
mum value and a linear relationship might be expect- 
ed after a much smaller increase in half-life. 


Even when the extreme case applies, it is evident 
from these data that dose adjustment assuming a lin- 
ear relationship between In 2/t  112 and Cc, is a realis- 
tic procedure regardless of the pharmacokinetic 
model. The errors in the assumption would be great- 
est in conditions of relatively mild renal insufficien- 
cy, where dose adjustment might not be considered 
necessary. 


(1) M. Gibaldi and D. Perrier, J.  Pharm. Sci., 61,952(1972). 


P. G .  Welling 
Center for Health Sciences 
School of Pharmacy 
University of Wisconsin 
Madison, WI 53706 
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Free Amino Acids in Higher Marine Fungi 


Keyphrases Marine fungi (higher)-determination of free amino 
acids from Ascomycetes and Fungi Imperfecti Fungi, marine- 
determination of free amino acids Amino acids, free-content of 
Ascomycetes and Fungi Imperfecti determined 


To the Editor: 


Attention has been directed to the potential im- 
portance of higher marine fungi as contributors of 
metabolites to marine ecosystems and producers of 
bioactive compounds (1). Continuing our investiga- 
tions on the overall metabolic capabilities of these or- 
ganisms, we now report on the free amino acids of se- 
lected marine Ascomycetes and Fungi Imperfecti. 
Related published reports are limited to that by 
Schafer and Lane (2), who identified 12 amino acids 
from hydrolyzed peptides of the Ascomycete Lulwor- 
thia floridana Meyers, and Kirk's (3) cytochemical 
investigations of marine pyrenomycete ascospores. 


Shake cultures of 10 isolates (Table I) were grown 
on a yeast extract-glucose-inorganic salts1 medium 
and harvested after 7 days as described previously 
(4). Mycelia were washed thoroughly in cold water, 


Rila Marine Mix, Rila Products, Teaneck, N.J. 


Ascomycetes 


Lignincola laevis Hohnk 
Nais inornata Kohlm. 
Leptosphaeria oraernaris Linder 
Corollospora maritima Werdermann 
Halosphaeria rnediosetigera Cribb et Cribb 
Halosphaeria harnata (Hohnk) Kohlm. 
Haligena elaterophora Kohlm. 
Halosphaeria appendiculata Linder 


Culcitalna uchraspora Meyers et Moore 
Zalerion maritimum (Linder) Anastasiou 


Fungi Imperfecti 


Isolate5 


R-2 
R-4 
R-13 
R-19 
R-524 
R-577 
R-601 
R-605 


F-1 
R-6 


a Refers to isolate number of particular species as cataloged in the my- 
cological collection of P. W. Kirk, Jr., Old Dominion University, Norfolk, 
VA 23508 


dried in forced air a t  40' for 48 hr, and defatted with 
petroleum ether (bp 30-60') for 12 hr in a soxhlet ap- 
paratus. Extracts of free amino acids were then pre- 
pared according to the method of Heathcote et al. 
(5), modified by extending the aqueous extraction 
phase to 48 hr. These extracts were desalted and pu- 
rified according to Pocklington (6). The extracts, free 
from interfering ions and peptides, were analyzed by 
TLC and GLC. 


Aqueous extracts were spotted on thin-layer cellu- 
lose plates and developed in a two-dimensional sys- 
tem: isopropanol-butanone-1 N HC1 (12:3:5) in the 
first direction and butanol-acetic acid-water (2: 1:l) 
in the second. Identification of the amino acids was 
achieved by comparing chromatograms of reference 
amino acids with those of extracts and mixtures of 
the two. The amino acid spots were revealed by heat- 
ing plates sprayed with ninhydrin solution. 


GLC analyses were based on the method described 
by Zumwalt et  al. (7). The instrument2 used was 
equipped with a flame-ionization detector. Instru- 
ment conditions included: silanized3 borosilicate 
glass column, 1.8-m X 0.3-cm (6-ft X 0.125-in.) o.d., 
packed with 3% methyl silicone on calcined diatoma- 
ceous earth4; carrier gas, nitrogen at  45 ml/min; oven, 
75' increased by 7.5"Imin to 300'; detector, 250'; 
flash heater, 200'. 


Reference trimethylsilyl amino acid derivatives 
were prepared as follows (8). One milligram of amino 
acid was dissolved in 50 ml of methanol. One millili- 
ter of this stock solution was placed in a 0.6 X 5.1-cm 
(0.25 X 2-in.) screw-capped vial containing 1 ml of 
anhydrous methylene chloride. This was heated to 
70' in a sand bath to remove the solvent and azeotro- 
pically remove all moisture. While the vial remained 
in the sand bath, its contents were further dried 
under a stream of nitrogen for 30 min. 


To the dried residue was added 0.25 ml of bis(tri- 
methylsilyl)trifluoroacetamide, and this mixture was 
heated for 1 hr in a sand bath at  135'. After reflux- 
ing, the vial was allowed to cool spontaneously. De- 
rivatives of the dried free amino acid extracts were 
prepared in an identical manner. Freshly prepared 


Hewlett-Packard model 402. 


3% OV-1 on Gas Chrom Q,  Applied Sciences Labs., Inc. 
3 Sylon, Supelco, Inc. 
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amino acid standards and extracts were analyzed by 
GLC, using trimethylsilylalanine as an internal stan- 
dard. 


It is apparent, based on collective TLC and GLC 
data, that the free amino acid contents of higher ma- 
rine fungi grown under uniform conditions are quali- 
tatively similar. The amino acids common to all 
species examined in this study included alanine, gly- 
cine, valine, proline, leucine, isoleucine, serine, threo- 
nine, hydroxyproline, aspartic acid, methionine, glu- 
tamic acid, phenylalanine, ornithine, lysine, tyrosine, 
tryptophan, cystine, cysteine, and histidine. 


To what extent these compounds were synthesized 
by the fungi or merely taken up from the culture me- 
dium remains to be determined because the medium, 
which contained yeast extract, cannot be considered 
as being totally chemically defined. However, an 
assay of yeast extract5 indicated that alanine, proline, 
serine, ornithine, tryptophan, cystine, cysteine, and 
hydroxyproline are absent from this product. Also, 
arginine, a component of yeast extract, was not de- 
tected by us in any of the fungal mycelium examined. 


Consequently, we feel that the array of amino acids 
detected in the mycelium represents metabolites syn- 
thesized by the organisms, at least in part. In addi- 
tion, because natural sea water contains numerous 
amino acids, the cultivation procedures are not un- 
realistically artificial and this investigation allows 
better understanding of the chemical-ecological role 
of fungi in the marine biosphere as well as the overall 
metabolic activities of these organisms. 


The occurrence of hydroxyproline in all species ex- 
amined is noteworthy, because this amino acid is be- 
lieved to occur only rarely in fungi (9). Whether hy- 
droxyproline actually occurs less commonly in terres- 
trial than in marine fungi or has been overlooked in 
analyses of the former requires further clarification. 
The compound is a prime component of collagen in 
animals including marine species (10). Degens et al. 
(1 1) reported that hydroxyproline is not ubiquitous 
in sea water, whereas Pocklington (6) found it readily 
detectable. Owing to their abundance in salt marshes 
(12), the higher marine fungi could be an important 
source of this and other amino acids in detritus feed- 
ing animals of coastal and estuarine environments. 


(1) P. W. Kirk, Jr., P. Catalfomo, J. H. Block, and G. H. Con- 
stantine, Jr., in “Food-Drugs from the Sea Proceedings,” L. R. 
Worthen, Ed., Marine Technology Society, Washington, D.C., 
1972, pp. 223-229. 


(2) R. D. Schafer and C. E. Lane, Bull. Marine Sci., 7, 
289(1957). 


(3) P. W. Kirk, Jr., Beih. Nova Hedwigia, 22, l(1966). 
(4) P. W. Kirk, Jr., and P. Catalfomo, Phytochernistry, 9, 


(5) J. G. Heathcote, D. M. Davies, and C. Hawarth, Appl.  Mi- 


(6) R. Pocklington, Anal. Biochem., 45,403(1972). 
(7) R. W. Zumwalt, D. Roach, and C. W. Gehrke, J .  Chrorna- 


(8) J. E. Peters, M.S. thesis, Oregon State University, Corval- 


(9) J. T. Holden, in “Amino Acid Pools,” J. T. Holden, Ed., El- 


595( 1970). 


crobiol., 23,349(1972). 


togr., 53,171(1970). 


lis, Oreg., 1973. 


sevier, New York, N.Y., 1961, p. 86. 


Difco Laboratories, Inc., Detroit, Mich. 


(10) E. T. Degens, in “Organic Matter in Natural Waters,” D. 
W. Hood, Ed., University of Alaska, College, Alaska, 1970, pp. 77- 
106. 
(11) E. T. Degens, M. Behrendt, B. Gotthardt, and E. 


Rappmann, Deep Sea Res., 15,11(1968). 
(12) R. V. Gessner and R. D. Goos, Can. J.  Bot., 51,51(1973). 
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5- [3- (2-Chloroethyl) - 1-triazenyl] imidazole- 
4-carboxamide and a Possible Mechanism of 
Action of 5-[3,3-Bis(2-chloroethyl)-l- 
triazenyl] imidazole-4-carboxamide 


Keyphrases 0 Chloroethyltriazene-synthesis, antileukemic ac- 
tivity 0 Imidazoles, triazenyl-preparation, antileukemic activity 


(Chloroethyltriazeny1)imidazole-explosive decomposition, hy- 
drolysis to aminoimidazolecarboxamide 0 Antileukemic activity- 
chloroethyltriazene Bis(2-~hloroethyl)tnazenes--possible mech- 
anism of action 


To the Editor: 


Of a variety of imidazole, pyrazole, benzenoid, and 
other triazenes evaluated against lymphoid leukemia 
L-1210 in mice, 5-[3,3-bis(2-chloroethyl)-l-triazen- 
yllimidazole-4-carboxamidel (I) was, by far, the most 
effective. This compound effected some cures in 
standard L-1210 tests (1, 2), and combinations of I 
with nitrosoureas cured the majority of animals with 
advanced leukemia L-1210 (3). The greater effective- 
ness of this compound and the presence of the 
(ClCH2CH2)2N- group might suggest that the 
mechanism of action of I differs from that of other 
dialkyltriazenes. 


Skibba and coworkers (4-6) showed that 14C-la- 
beled dacarbazine’ [5-( 3,3-dimethyl- 1 - triazeny1)im- 
idazole-4-carboxamide, 111 is converted by microsom- 
a1 preparations from rat liver to 5aminoimidazole- 
4-carboxamidel (VII), formaldehyde, and nucleic 


1 The following abbreviations of Compounds 1-111 and VII have been em- 
ployed in the literature: Compound I (NSC-82196), RIC; Compound I1 
(NSC-45388), DIC and DTIC; Compound 111 (NSC-407347), MIC; and 
Compound VII, AIC. 
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Topical Mosquito Repellents VII: 
Alkyl Triethylene Glycol Monoethers 


H. JOHNSON, J. DeGRAW, J. ENGSTROM, W. A. SKINNERx, 
V. H. BROWN, D. SKIDMORE *,and H. I. MAIBACH * 


Abstract Normal and branched-chain aliphatic monoethers of 
triethylene glycol are effective topical mosquito repellents. In 
terms of duration of protection, they are generally superior to the 
corresponding diethylene glycol analogs and some are superior to 
diethyltoluamide. The n- heptyl monoether of triethylene glycol af- 
fords double the protection time of diethyltoluarnide under con- 
trolled laboratory conditions and appears t o  be a useful new mos- 
quito repellent. 


Keyphrases Mosquito repellents, topical-synthesis, evaluation 
of alkyl triethylene glycol monoethers Repellents, mosquito, 
topical-synthesis, evaluation of alkyl triethylene glycol monoeth- 
ers 0 Monoethers, alkyl triethylene glycol-synthesis, evaluation 
as mosquito repellents 0 Volatility, alkyl triethylene glycol mono- 
ethers-relationship to mosquito repellency 0 Diethylene glycol 
versus triethylene glycol monoethers-mosquito repellency 


The quest for improved topical mosquito repellent 
properties was pursued among benzyl ethers in previ- 
ous studies (1, 2) with positive but not dramatic re- 
sults. In the present study, nonaromatic polyethers 
derived from ethylene glycol were examined. The 
compounds were prepared via the sodio derivatives 
of diethylene or triethylene glycol and the appropri- 
ate alkyl halide or tosylate and were purified by vac- 
uum distillation. 


were evaluated topically on human 
subjects, using female Aedes aegypti  mosquitos, as 
previously described (1). 


EXPERIMENTAL3 


Diethyltoluamide was obtained commercially4. Alkyl halides 
and alcohols corresponding to the R groups in Tables I and I1 were 
also obtained commercially and were used without further purifi- 
cation. Final products were purified and boiling points were deter- 
mined by vacuum distillation using Vigreaux columns. 


Preparat ion of Monoalkyl Triethylene Glycol Ethers 
(Table I )  from Alkyl Halide (Method A)-An ice-cooled, me- 
chanically stirred, three-necked, 2-liter, round-bottom flask, fitted 
with a powder funnel and a gas inlet allowing passage of a slow 
stream of nitrogen, was charged with 180 ml of triethylene glycol. 
Sodium hydride (57Oh in oil, 13.0 g, 0.13 mole) was washed of its oil 
by swirling with 2 X 30 ml of ether and decanting. The hydride was 
then added in portions. After 2 hr, the ice bath was removed and 
the mixture was stirred for 2 hr on a steam bath. 


To this stirred dark mixture was added 0.23 mole of the alkyl 
halide. After 20 hr, the opaque mixture was cooled, diluted with 
800 ml of water, and extracted with methylene chloride (4 X 100 
ml). Sodium chloride was used to help break emulsions. The com- 
bined organic layers were washed with water (2 X 200 ml), dried 
(anhydrous magnesium sulfate), and rotary evaporated. The clear 


' Several compounds were also subjected to independent evaluation on 


'Two compounds were subjected to further independent evaluation at 


Elemental analyses were performed by the Microanalytical Laboratory, 


cloth at the Gainesville laboratories of the U.S. Department of Agriculture. 


the Letterrnan Army Institute of Research. 


De artment of Chemistry, Stanford University, Stanford, Calif. 
BEastman Organic Chemicals 


oil was fractionated in UQCUO through a Vigreaux column. 
Preparat ion of Monoalkyl Triethylene Glycol Ethers  


(Table I )  f rom Tosylate (Method B)-Preparation of Tosylate- 
The alcohol (0.08 mole) was dissolved in 130 ml of dry pyridine in 
a 250-ml erlenmeyer flask and stirred in an ice bath while p-tolu- 
enesulfonyl chloride (26 g, 0.14 mole) was added in several por- 
tions. After stirring for 1 hr the solution was placed in a refrigera- 
tor (-5') overnight. 


The deep-red mixture was added to 600 ml of ice water, stirred 
for 5 min, and extracted with 2 X 100 ml of ligroin. The combined 
organic layers were washed free of pyridine with 3 N HCI (16 ml) 
and ice water (pH 3-4), then washed with 50 ml of ice water, dried 
with anhydrous magnesium sulfate, and evaporated in uacuo to 
yield a red oil in 99% yield. The IR spectra showed tosylate bands 
a t  6.21 and 8.60 fim. 


Alkylation of Triethylene Glycol-Triethylene glycol (180 ml) 
was heated on a steam bath with 1.74 g (76 mmoles, 5% excess) of 
sodium spheres for 1 hr in a 250-ml flask equipped with a drying 
tube. Gas was evolved slowly, and the sodium was dissolved to 
yield a clear yellow solution. The alkyl tosylate (64 mmoles) was 
added, and the mixture was stirred at room temperature for 3 
days. 


The clear, light-brown mixture was added to 1 liter of ice and 
water and extracted with methylene chloride or ether (3 X 200 ml). 
Emulsions were usually encountered and were occasionally broken 
by acidifying the alkaline mixture with 3 N HCI. The combined or- 
ganic layers were washed with water (3 X 200 ml), dried (anhy- 
drous magnesium sulfate), evaporated in uucuo to a yellow oil (95% 
crude), and distilled through a Vigreaux column in uacuo. 


Repellency evaluations were conducted uia both skin and cloth 
tests, utilizing female A. aegypti. 


Tests on Skin-Compounds were uniformly applied in ethanol 
to an exposed area of the forearm of a human subject as described 
previously (1) (Tables 1-111). 


Tests on Cloth'-The methodology was described previously 
(3) except that  the rate of cloth treatment was reduced by one-half 
until three bites per minute were received a t  the lowest dose. 
Diethyltoluamide and dimethyl phthalate were tested concurrent- 
ly as standards (Table IV). 


O the r  Tests on SkinZ-The test methodology was similar to 
that used under Tests on Skin (Tables I and 11). Results are given 
in Table V. 


RESULTS AND DISCUSSION 


A far more restricted volatility-repellency relationship was ap- 
parent in this series (Tables I and 11) as compared with those pre- 
viously studied (1-3). Nonetheless, maximum duration of protec- 
tion a t  two application rates to skin was observed with Compounds 
1-2 and 1-3 (Table I), whose volatility corresponded to hoiling 
points in the range of 120-130°/0.5 mm Hg. They outperformed 
the standard, diethyltoluamide (1-14), by a substantial margin. No 
definite reason can be given for the comparatively poorer perfor- 
mance of other members of the series whose volatility would ap- 
pear to be close to this optimum range, e.g., Compounds 1-9-1-11 
(Table I); however, it is possible that the volatility of these com- 
pounds deviates from the optimum a t  skin temperature. 


In any event, the findings suggest that  maximum duration in 
this series is associated with CS-C~ alkyl ethers. Among the Cg 
ethers studied, it appears that  the straight-chain compound (1-4) is 
superior to hranched isomers (1-6 and 1-11) and the cyclic analog 
(1-12). The same generalization seems applicable to the C7 series 
(1-3 and 1-7) and the Cg series (1-5,1-9, and 1-10), The repellencies 
of the diethylene glycol analogs (Table 11) were substantially infe- 
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Table I-Alkyl Triethylene Glycol Monoethers  I<(OCH?CHi)aOH 


C om- Yield, 
pound R % Formula  


1-1 


1-2 


1-3 


1-4 


1-5 


1-6 


1-7 


1-8 


1-9 


1-10 


1-11 


1-12 


1-13 


1-14 


C H ,  23J 
? 


CH 


CH 


C aH ;C H 2 


Diethyl  toluamide 


50" 


67 


546 


71h 


60b 


33b 


76 


55b 


59h 


90' 


50, 


58.' 


30" 


- 


Repellency, h r "  
Analysis, % 


~. ~ Boiling 0.15 0.31 
Calc. Found  Po in t  imm) m g ' c m 2  m g / c m ?  


c 59.97 
H 10.98 
C 61.50 
H 11.18 
C 62.87 
H 11.37 
C 64.08 
H 11.53 
C 65.18 
H 11.67 


C 64.08 
H 11.53 


C 61.50 
H 11.18 


C 66.16 
H 11.80 


C 65.18 
H 11.67 


C 65.18 
H 11.67 


C 64.08 
H 11.53 


C 64.58 
H 10.84 
C 64.98 
H 8.39 


59.71 
1 1 . 2 4  
61.74 
11.41 
63.07 
11.70 
64.08 
11.50 
65.38 
11.68 


64.04 
11.63 


61.38 
11.12 


65.78 
12.06 


65 .OO 
11.94 


64.87 
11.98 


63.73 
11.69 


63.54 
10.77 
64.74 
8.24 


111' (0.5) 


122" (0.4)C 


128" (0.4) 


139" (0.45) 


153' (0.65) 


120" (0.13) 


149" (3.25)d 


169' (2 .0) '  


130" (0.35) 


140" (0.7) 


130" (0.5) 


134" (0.3) 


148' (0.55) 


looo (0.5) 


5 . 8  (2) 9 .0  (5) 


5 .7  (30) 10.0 (30) 


10.6 (4) 13.0 (4) 


- 8 . 1  (11) 


2 .6  (4) 9 . 8  (5) 


4.7 (12) 6 .4  (9) 


4 .3  (3) 


1 . 3  (3) 


1 . 3  (4) 


1 . 0  (3) 


4 .5  (4) 


1 .1  (3) 


- 


7.0 (3) 


3 . 3  ( 3 )  


2 . 8  (3) 


1 . 8  (2) 


4 .3  (3) 


4 .8  (2) 


0.25 (1) 


3 . 4  (11) 6 . 9  (12) 


n Numher of determinations is given in parentheses. '2 Method A: prepared from bromide. C 1,it. 1 1 )  153-15 l o  (5  nim). d Allout 118' '0.5 nim. " Ahout 1.15" 1 
0.5 mm. I Method €3: prepared from tosylate. 11 Method A: prepared from chloride. 


rior to those of the corresponding triethylene glycol ethers and, in 
both series, the benzyl analogs (1-13 and 11-5) were inferior to the 
aliphatic compounds. 


To obtain a more direct comparison, independent of day-to-day 
variations in insect avidity, topical repellency was determined si- 
multaneously for diethylene and triethylene glycol ethers in paired 


tests of compounds with identical 0-alkyl substituents (Table 111). 
The triethylene glycol ethers were clearly superior when the R 
group was hexyl or heptyl. However, superiority was reversed in 
the n-octyl compounds, and the 2-ethylhexyl derivatives showed 
approximately equal duration. I t  is assumed that the increased po- 
larity of the triethylene glycol series over that of the diethylene 


Table 11-Alkyl Diethylene Glycol Monoethers  R I O C H C H ~ )  ,OH 


Repellency, hrn 


Com- Yield, ~~ 0 15 0 31 Boiling 
pound R % Formula  Calc. Found  Po in t  imm)  m g / c m ?  mg'cm' 


Analysis, 70 


11-1 n-C6Hl, 


11-2 n-C?Hta 


11-3 n-C8HI7 


11-4 C H , T  


CH , 


-80" Cl,H,,O:3 C 63.12 63.21 82" (0.55) 1 . 8  (2) 2 . 8  (2) 


70.5" CiIH,,O:I C 64.66 64.65 93" (1.6) ~- 5 .9  (10) 


43b CI,H?e,O, C 66.01 65.78 104.5' (0.45) 


H 11.65 11.57 


H 11.84 11.56 


H 12.00 12.03 
4.5 (2) 


32 CI?H,,O, C 66.01 65.83 98" (0.5) 3 . 5  (3) 4 .9  (7) 
H 12.00 11.96 


11-5 CsHjCH? 27' CiiHiGOi C 67.32 67.19 117" (0.45) - -. 1 . 0  (1) 


11-6 (CH,CH,O)?CHC H2 22h CIgH?,O: C 54.03 54.02 119" (1.2)d 1 .0  (2) 1 .5  (2) 
H 8.22 8.32 


H 9.98 9.92 


Number of determinations is given in parentheses. h Method A: prepared from bromide and diethylene glycol. CMethnrl A: prepired frotn chloride and di- 
ethylene glycol. d About 1 0 0 O  '0.6 mm. 
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Table 111-Dry Protect ion Times" of Monoalkyl E t h e r s  of Diethylene Glycol (n = 2) uersus Triethylene (;lyCIJl (12. = 3 )  


M e a n  Protection Time, hr f SD 
~ ~- ~~~ ~~ 


Compound  n-Hexyl n -Hep ty l  n-Octyl 2- E t hylhexyl 


R (OCH,CH,),OH 3 .6  f 0.90 5 .9  f 0 . 9 5  11.0 f 3 . 9 5  4.0 + 0.88 
R (OCH,CH,),OFI 1 2 . 9  f 2 . 7 7  1 1 . 6  f 3 . 6 5  7 . 5  f 5.03 5 . 0  f 2  04 


" Results are means of 1 0  determinations in which diethylene and triethylene glycol ethers of identical H group were paired (same test su1,jectj. (!ompounds 
were applied at 0.31 mg/cmJ. 


Table IV-Comparative Repellent Evaluations- 


Min imum Effective Dose af ter  
Indicated Dry ing  Time, mg/cm2 


~~ 


Compoundh 15 m i n  24 hr 


1-1 
1-2 
1-3 
1-4 


0.063 0 . 2 5  
0 .032  0 . 2 5  
0 . 0 1 6  0.125 
0.016 0 . 2 5  


1-5 0 -0.12 0 . 2 5  ~~ 


1-7 0 . 0 3 2  0 . i 2 5  
1-14 0 . 0 0 8  0 . 2 5  
Dime thv l  Dhthalate 0 . 0 0 8  0 .5  


(s tandarb)  


a'l'estu conducted by personnel a t  the Insects Affecting Man Research 
Laboratory, Agricultural Research Service, U.S. Department of Agriculture, 
Gainesville, Fla. b See Table I. 


glycols of similar volatility should present durational and toxico- 
logical advantages in terms of reduced percutaneous absorption 
rates. 


Results of minimum effective dose (MED) tests (Table IV) gen- 
erally correlated with the results of topical duration tests. Both a t  
15 min and 24 hr after application, 1-3 exhibited minimum MED 
values. Although these values were not as low a t  15 min as those 
obtained for diethyltoluamide and dimethyl phthalate, 1-3 was su- 
perior to both standards in the 24-hr test. 


Table V -Repellent Evaluations" 


N u m b e r  


Compound" Repellencyc, hr =t SD posures 
of EX- 


1-2 8.50 Z+Z 4 . 7  1 2  
1-3 1 6 . 7 5  + 5 .6  8 
1-14 6.68 f 0 . 8 1  128 
2-E thylhexanediol 3 . 4 0  f 0 . 5  40 


a Tests conducted by  personnel at  Letterman Army Institute of Research 
using 200 female A .  aegypti in a l.25-ft3 cage (5).  b See Table I; cornpounds 
were applied to forearms of human volunteers at  the rate of 0.31 mg/cm2. 


Mean dry protection times (prevention of biting). 


The superiority of 1-3 in Table I was confirmed by tests con- 
ducted independently2 (Table V). I t  provided more than double 
the protection time afforded by diethyltoluamide to a group of vol- 
unteers under controlled laboratory conditions. Preliminary re- 
sults of field tests indicate that the moderate laboratory superiori- 
ty of 1-2 can be nullified by conditions of heavy sweating and high 
insect population density. Field tests have not yet been conducted 
with 1-3 and 1-4. 
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amino acid standards and extracts were analyzed by 
GLC, using trimethylsilylalanine as an internal stan- 
dard. 


It is apparent, based on collective TLC and GLC 
data, that the free amino acid contents of higher ma- 
rine fungi grown under uniform conditions are quali- 
tatively similar. The amino acids common to all 
species examined in this study included alanine, gly- 
cine, valine, proline, leucine, isoleucine, serine, threo- 
nine, hydroxyproline, aspartic acid, methionine, glu- 
tamic acid, phenylalanine, ornithine, lysine, tyrosine, 
tryptophan, cystine, cysteine, and histidine. 


To what extent these compounds were synthesized 
by the fungi or merely taken up from the culture me- 
dium remains to be determined because the medium, 
which contained yeast extract, cannot be considered 
as being totally chemically defined. However, an 
assay of yeast extract5 indicated that alanine, proline, 
serine, ornithine, tryptophan, cystine, cysteine, and 
hydroxyproline are absent from this product. Also, 
arginine, a component of yeast extract, was not de- 
tected by us in any of the fungal mycelium examined. 


Consequently, we feel that the array of amino acids 
detected in the mycelium represents metabolites syn- 
thesized by the organisms, at least in part. In addi- 
tion, because natural sea water contains numerous 
amino acids, the cultivation procedures are not un- 
realistically artificial and this investigation allows 
better understanding of the chemical-ecological role 
of fungi in the marine biosphere as well as the overall 
metabolic activities of these organisms. 


The occurrence of hydroxyproline in all species ex- 
amined is noteworthy, because this amino acid is be- 
lieved to occur only rarely in fungi (9). Whether hy- 
droxyproline actually occurs less commonly in terres- 
trial than in marine fungi or has been overlooked in 
analyses of the former requires further clarification. 
The compound is a prime component of collagen in 
animals including marine species (10). Degens et al. 
(1 1) reported that hydroxyproline is not ubiquitous 
in sea water, whereas Pocklington (6) found it readily 
detectable. Owing to their abundance in salt marshes 
(12), the higher marine fungi could be an important 
source of this and other amino acids in detritus feed- 
ing animals of coastal and estuarine environments. 
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5- [3- (2-Chloroethyl) - 1-triazenyl] imidazole- 
4-carboxamide and a Possible Mechanism of 
Action of 5-[3,3-Bis(2-chloroethyl)-l- 
triazenyl] imidazole-4-carboxamide 


Keyphrases 0 Chloroethyltriazene-synthesis, antileukemic ac- 
tivity 0 Imidazoles, triazenyl-preparation, antileukemic activity 


(Chloroethyltriazeny1)imidazole-explosive decomposition, hy- 
drolysis to aminoimidazolecarboxamide 0 Antileukemic activity- 
chloroethyltriazene Bis(2-~hloroethyl)tnazenes--possible mech- 
anism of action 


To the Editor: 


Of a variety of imidazole, pyrazole, benzenoid, and 
other triazenes evaluated against lymphoid leukemia 
L-1210 in mice, 5-[3,3-bis(2-chloroethyl)-l-triazen- 
yllimidazole-4-carboxamidel (I) was, by far, the most 
effective. This compound effected some cures in 
standard L-1210 tests (1, 2), and combinations of I 
with nitrosoureas cured the majority of animals with 
advanced leukemia L-1210 (3). The greater effective- 
ness of this compound and the presence of the 
(ClCH2CH2)2N- group might suggest that the 
mechanism of action of I differs from that of other 
dialkyltriazenes. 


Skibba and coworkers (4-6) showed that 14C-la- 
beled dacarbazine’ [5-( 3,3-dimethyl- 1 - triazeny1)im- 
idazole-4-carboxamide, 111 is converted by microsom- 
a1 preparations from rat liver to 5aminoimidazole- 
4-carboxamidel (VII), formaldehyde, and nucleic 


1 The following abbreviations of Compounds 1-111 and VII have been em- 
ployed in the literature: Compound I (NSC-82196), RIC; Compound I1 
(NSC-45388), DIC and DTIC; Compound 111 (NSC-407347), MIC; and 
Compound VII, AIC. 


Vol. 64, No. 1, January 1975 f 177 







VII 1W 


ClCH,CH,OH 
XI 


Scheme [I 


ble for activity. Presumably, other active dialkyl- 
triazenes are metabolized similarly, and I11 or an 
analogous monoalkyltriazene is the immediate pro- 
genitor of a methyl or other alkyl carbonium ion. 


It has been suggested (13, 14) that I may act by 
dissociation to bis(2-chloroethy1)amine (nor-nitrogen 
mustard) and 5-diazoimidazole-4-carboxamide. 
However, if I is metabolized by microsomal oxidases 
in a manner similar to I1 and to phenyltriazenes (15), 
two highly reactive species should be formed 
(Scheme I). The presumed intermediate (V) should 
decompose spontaneously to 5-[3-(2-~hloroethyl)-l- 
triazenyl] imidazole-4-carboxamide (IV) and to chlo- 
roacetaldehyde (VI). 


By analogy to other monoalkyltriazenes (12, 16), 
IV should dissociate to VII and to the chloroethyldia- 
zonium ion (VIII), which should, in turn, decompose 
to nitrogen and a chloroethylcarbonium ion (IX). Ei- 
ther the chloroethylcarbonium ion or chloroacetal- 
dehyde (or both) may be responsible for the activity 
of I. One of the presumed intermediates, IV, has been 
prepared, studied for stability, and evaluated against 
leukemia L-1210. 


The mono(chloroethy1)triazene (IV) was prepared 
by treating 2-chloroethylamine free base in dry ethyl 
acetate solution with 5-diazoimidazole-4-carbox- 
amide (added in one portion) by a procedure similar 
to previously described procedures (12). A white pre- 
cipitate was washed thoroughly with ethyl acetate, 
slurried with absolute ethanol in the dark, and dried 
in uucuo at room temperature2, yielding 83%; violent 
explosive decomposition3 at 114" (inserted at B O O ,  


3'/min); strong IR bands at 3475, 3250, 3070, 1635, 
1585,1420, and 1380 cm-l. 


Anal. -Calc. for CGH&lNsO: C, 33.26; H, 4.19; N, 
38.79. Found: C, 33.38; H, 4.33; N, 38.62. 


The thermal instability2 of IV precluded mass 
spectral analysis, and the sparing solubility and sol- 
volytic instability prevented proton magnetic reso- 
nance analysis. The IR spectrum of a specimen of IV 
kept at  -15' for 1 year was unchanged. 


In water or in 50% ethanol, IV decomposed in the 
dark to 5-aminoimidazole-4-carboxamide (VII). For 
example, a suspension of IV (200 mg) in water (50 
ml) was stirred in the dark until essentially all IV had 
dissolved (about 8 hr). Evolution of a gas (presum- 
ably nitrogen) was observed. After filtration of the 
mixture to remove undissolved IV (2 mg), GLC of an 


I: R, = = CH&H&l 
11: R, = & = CH, 


111: R, = H, & = CH, 
IV: R, = H, & = CI-&CqCl 


acids containing radioactive 7-methylguanine. Analo- 
gous results were obtained by incubating labeled I1 
with microsomal preparations from mouse tumor 
tissues (7). These studies showed that I1 is demeth- 
ylated by microsomal oxidases and that a methylat- 
ing agent is generated by this process. 


Similarly, studies of the metabolism of 14C-labeled 
I1 (labeled at the methyl groups or at position 2 of 
the imidazole ring) in rats (4, 5), dogs (8, 91, mice (9), 
and patients (4, 5, 8-10) identified the aminoimida- 
zole (VII) and expired carbon dioxide as metabolic 
products in uiuo. Utilization of VII and of formate 
(both derived from labeled 11) in the biosynthesis de 
nouo of purine nucleotides may explain the observed 
labeling of nonmethylated purines (6,9) and may ac- 
count in part for the radioactivity of nucleic acids (6, 
11); however, the identification of 7-methylguanine 
as a constituent of nucleic acids and as a urinary ex- 
cretion product after administration of I1 confirms 
the metabolic generation of a methylating agent in 
viuo (6). 


5- (3-Methyl- 1 -triazenyl)imidazole-4-carboxamide 
(111) was shown earlier to have activity against L- 
1210 leukemia and to dissociate spontaneously in so- 
lution to the aminoimidazole (VII) and, presumably, 
to the methyldiazonium ion and then to the methyl- 
carbonium ion (12). Taken together, the enzymatic, 
metabolic, biological, and chemical studies indicated 
that the dimethyltriazene (11) is activated by dealkyl- 
ation to the monomethyltriazene (111) and that the 
methylcarbonium ion is the reactive species responsi- 


OH 
I 


CH,CH,CI N CHCH,CI 
- N  N - \ / \ /  


\CH,CH?CI 
I V 


N 
N H  


+ CICH,CHO \ // \N/ 


!P 


\CH~CH,CI VI 
IV 


< Y J ~ ~ ~ *  + CICH,CH,N' 
N CHLCHsCl 


\N/ "/ + 


H NH2 VIII H 


/ IVa 
VII 


J 
nucleophile 


CICH~CH~--R - CICH?CH,+ + N, 
X Ix 


Scheme I 


Compound IV is very explosive; it is sensitive to heat and to shock. A 
specimen (prepared prior to the synthesis of I) decomposed explosively 
while being dried at 78'. 


The decomposition temperature is reproducible when it is determined as 
stated. 
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Table 1-5- [3- (2-Chloroethyl) -1-triazenyl ]imidazole-4-carboxamidefb IIV) uersus L-1210 Leukemiab 


Nonsurvivors 
Average Number of 


Dose, Mortality Weight Change 30-Day Average Survival T/C Ratio, 
m g / b  b y  D a y  5 Difference, gc Survivors/Total Time, days % 


D a y  1 Schedule: 
100 
50 
37 


-6.2t.d 0/6 
-4.6t  
-1 .7  8: 


6 . 3 / 9 . 4  
14 .0 /10 .0  
1 4 . 5 / 9 . 9  


67t 
140 
146 


1 5 . 0 / 9 . 9  151 
25 O/S - 2 . 2  6/6 
25 0 /6 -2.0 5 /6 
17 
12 .5  
6.25 


- 1 . 1  
-1 .3  
-1 .7  


316 
3/6 
0/6 


1 4 . 3 j 9 . 9  
18 .0 /10 .0  
14 .8 /10 .0  


144 
180 
148 


qd, Days 1-9: 
25 0 / 6  - 4 . 2 t  0/6 9 . 2 / 1 0 . 0  92 
1 2 . 5  0/6 -3 .3  0/6 16,O)lO. 0 160 


1 6 . 5 / 9 . 9  166 
20.3/10.0 203 
22.4/9.9 226 
1 5 . 5 / 9 . 9  156 
14.4,llO.O 172 


-2 .4  2/6 
- 2 . 4  3/6 
- 1 . 6  1 /6 
-1 .0  0/6 
-1 .9  1/6 


9 0/6 
6 .25  0/6 
6 0/6 
4 0/6 
3.12 0 /6  


a Suspensions of this compound in saline + Tween 80 were administered intraperitoneally within 6 min of the.preparation of the suspensions. * L-1210 cells 
t = (105) were implanted intraperitoneally in mice on Day 0. Average weight change of treated mice minus average weight change of control mice by Day 5. 


toxic. 


aliquot of the reaction solution showed that it con- 
tained 2-chloroethanol (XI), which was identified by 
comparing its retention time with that of an authen- 
tic commercial sample. The concentration of XI in 
the aliquot corresponded to a yield of 70% of XI from 
the chloroethyltriazene (IV). 


Lyophilization of the remaining reaction solution 
left a solid (123 mg, 93% yield as VII monohydrate) 
that was shown by TLC to be almost pure VII. 
(Trace amounts of three impurities were detected.) 
The ‘identity of the residue was confirmed by its mass 
spectrum, which was compared with that of an au- 
thentic specimen of pure VII free base: m/e 126 
(molecular ion, base peak), 109 (126 - NH3), and 
94.3 (metastable ion, 126 - 109). Evidence of slight 
alkylation of VII by the 2-chloroethylcarbonium ion 
(IX) during this experiment or in similar experi- 
ments was found in the mass spectra of the isolated 
products (all of which were predominantly VII). The 
following weak peaks in some spectra support this 
conclusion: mle 188 (M+ of product of alkyation of 
VII by IX), 170 (M+ of product of alkylation of VII 
by IX and replacement of the chloro group by a hy- 
droxy group), 152 (M+ of product of alkylation of VII 
by IX followed by formation of a vinyl group or of a 
cyclic derivative of VII uia loss of HCl), and 139 (loss 
of CHzCl or CH20H from an alkylated VII deriva- 
tive). 


As shown in Scheme 11, the mode of decomposition 
is analogous, therefore, to that of the monomethyltri- 
azene (111) and similar monoalkyltriazenes (12) and is 
in contrast to the intramolecular cyclization reaction 
of 1(1,17,18). 


In standard L-1210 leukemia tests, IV was admin- 
istered intraperitoneally as a suspension on Day 1 
and on Days 1-9 (qd). The data in Table I indicate 
that there were some “cures,” as evidenced by 30-day 
survivors. The most effective dose was 25 mg/kg on 
the Day 1 schedule; in two tests, 11 of 12 treated mice 
survived until the end of the 30-day test period. In 
comparable tests (1, 2) of I against L-1210 leukemia, 


the optimal single and daily doses were about 200- 
500 mg/kg and 50-75 mg/kg/day (qd 1-30 or death), 
respectively. These doses are about 10-fold those of 
the approximate optimal doses (Table I) of IV. 


The results of tests in uiuo show that IV, if it is 
formed as outlined in Scheme I, could account for the 
observed activity of I. Therefore, the results are con- 
sistent with the activation of I by microsomal oxidas- 
es. The demonstrated mode of dissociation of IV pro- 
vides evidence that the chloroethylcarbonium ion is 
the reactive species responsible for the activity of IV 
(IX - X) and, after activation, of 14. Because of the 
potent activity of IV, a corollary is that the chlo- 
roethylcarbonium ion is exceptionally effective in 
manifesting antineoplastic activity5. 
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Although the activity of triazenes and certain other anticancer agents 
may be due to the generation of methyl, chloroethyl, or other carbonium 
ions, it does not necessarily follow that alkylation of guanine or other nucleic 
acid moieties is responsible for the observed activity. 
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BOOKS 


REVIEWS 


International Aspects of Drug Evaluation a n d  Usage. Edited 
by A. J. JOUHAR and M. F. GRAYSON. Longman Inc., 72 
Fifth Ave., New York, NY 10011, 1973.374 pp. 14 x 23 cm. Price 
$21.00. 
The book records the proceedings of the International Meeting 


of Medical Advisors in the Pharmaceutical Industry held April 
17-20, 1972 in London. The meeting was conceived as an attempt 
to assess the current state of‘ the evaluation of drugs around the 
world. The major contributors to the book were medically quali- 
fied people working in the pharmaceutical industry. Because of the 
broad spectrum of contributors, the book is worthwhile reading for 
anyone involved in drug development in the pharmaceutical indus- 
try. Due to the international nature of the symposium, much of the 
material concerning, directly or indirectly, the regulatory aspect of 
drug development is not entirely applicable to  requirements in the 
United States. The book does provide, however, oia its interna- 
tional contributors, an interesting overview of the data required by 
drug regulatory agencies outside the United States. The book’s 
most useful aspect is its exchange of experiences in drug develop- 
ment by people intimately involved in the work on a world-wide 
basis. I t  is always useful and consoling, if not profoundly informa- 
tive, to be made aware of the approaches and frustrations of others 
involved in drug evaluation and development. The many chapters 
in this vein are quite useful in confirming one’s approach to drug 
development, and in demonstrating that one’s unanswered ques- 
tions are also unanswered questions by others working in the same 
area. 


One particularly noteworthy chapter is by C. Maxwell. Maxwell 
provides some extremely worthwhile comments and philosophy in 
his opinion and overview on the preclinical screening of new drugs, 
the proper philosophy for the clinical testing of drugs, and the use 
of statistics in clinical efficacy decision making. 


Overall, the book outlines a very practical, realistic approach to 
drug testing and clinical evaluation. “International Aspects of 
Drug Evaluation and Usage” is, therefore, recommended reading 
by anyone involved in the clinical testing and/or supervision of 
clinical testing of new drugs. 


Reviewed by William A. Cressman 
McNeil Laboratories, Inc. 
Fort Washington, PA 19034 


USAN 10 a n d  the USP Dictionary of Drug  Names, 1974 Sup- 
plement. Published for the USAN Council by the U.S. Pharma- 
copeial Convention, Inc., Rockville, MD 20852, 1974. vi + 100 
pp. 21 X 28 cm. Price $4.75. 
This recently published Supplement contains 5747 entries in- 


cluding all entries from the 1973 Supplement. Seventy-three new 
USAN names are incorporated into this Supplement and 125 new 
code designations are included. The USAN books also provide in- 
formation on USP and NF official names, FDA established names, 
and brand names, abbreviations, and trivial names. 


The USAN publications are a most important aspect of the ef- 
fort to bring uniformity to the area of drug nomenclature. As such 
they should be available to and utilized by all persons involved 
with pharmaceuticals. 


Staf f  Reuiew 


Everything You Wanted To Know About Drug  Abuse.. . But 
Were Afraid To Ask. By C. L. WINPK. Dekker, New York, NY 
10016, 1974. 213 pp. 15.5 X 23.6 cm. Price $12.75. 
The material in this book is presented in an easy to read form of 


questions and answers and is divided into 14 sections generally by 
category of abused drug. 


The book is based on the author’s experience in dealing with the 
drug problem on a daily basis over the past 6 years. The material is 
based on real experiences obtained during the author’s various ac- 
tivities concerned with the drug problem including investigating 
drug-related deaths and conducting toxicological analyses. 


The questions included in this book are those put to the author 
during various speaking engagements and seminars by students, 
teachers, and various health-care professionals. 


Staff Review 
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Assay for Acetazolamide in Plasma 


W. F. BAYNE", G. ROGERS, and N. CRISOLOGO 


Abstract A method for the analysis of acetazolamide, 5-acet- 
amido-1,3,4-thiadiazole-2-sulfonamide, sensitive to 25 ng/ml in 
plasma, was developed. After extraction of acetazolamide and its 
propionyl analog, 5-propionamido-1,3,4-thiadiazole-2-sulfona- 
mide, the internal standard, from plasma with ethyl acetate and 
removal of lipids from the residue of the ethyl acetate extract with 
methylene chloride, the sulfonamides were chromatographed on 
an octadecyl trichlorosilane bonded phase using high-pressure liq- 
uid chromatography. The method was developed to study plasma 
level profiles of different dosage forms of acetazolamide. 


Keyphrases Acetazolamide-high-pressure liquid chromato- 
graphic analysis in plasma High-pressure liquid chromatogra- 
phy-analysis, acetazolamide in plasma 


Acetazolamide, 5-acetamido-1,3,4-thiadiazole-2- 
sulfonamide, is a carbonic anhydrase inhibitor used 
to lower intraocular pressure through a reduced pro- 
duction of aqueous humor. Its inhibitory effect on 
carbonic anhydrase was used to develop an assay for 
acetazolamide in biological fluids (1). The drug was 
reported to be 90% excreted, on the average, in hu- 
mans after oral administration (2). The enzymatic 
method appears to be fairly specific; only metabolites 
that inhibit carbonic anhydrase should interfere with 
the specificity of the assay. 


A number of unsuccessful attempts to develop 
chemical methods for acetazolamide in biological 
fluids were described (1). However, a modification of 
the Bratton and Marshall procedure (3), a colorimet- 
ric method sensitive to 5 pg/ml, was reported for ac- 
etazolamide (4). Attempts to prepare acetazolamide 
derivatives suitable for GLC analysis by the authors 
were generally unsuccessful. Secondary sulfonamides 
were methylated with diazomethafie ( 5 ) ,  but a num- 
ber of products resulted when acetazolamide, a pri- 
mary sulfonamide, was treated with diazomethane in 
this laboratory. 


Blessington (6) successfully methylated primary 
and secondary sulfonamides using a method em- 
ployed by Pettitt and Stouffer (7) for alkylation of 
amino acids. Application of this method, utilizing the 
sulfinyl carbanion of dimethyl sulfoxide and methyl 
iodide, to acetazolamide yielded one product which 
was not successfully characterized by GC-mass spec- 
trometry. 
Table I-Absolute Recoveries of Acetazolamide 
from Plasma 


Recovery, % 
Acetazolamide, pg (Number of Determinat ions)  


0 . 1  
0.25 
0 .5  
0.75 
1 .o  
2 . 5  
5 .0  


10 .o 


68 . O  (3) 
74.9 (2) 
77.3 (3) 
79.3 (2) 
87 . O  (3) 
84.0 ( 2 )  
94.2 (3) 
87.0 (1) 


a 
$ 0.8 / 


0 1.0 2.0 3.0 4.0 5.0 
ACETAZOLAMIDE. fig 


Figure 1-Standard curve for acetazolamide (5.32 pg of in- 
ternal standard). 


An extractive alkylation technique recently used to 
methylate chlorthalidone (8) was investigated by the 
authors for its potential use in preparing a volatile 
methylated acetazolamide derivative. Although a sin- 
gle peak resulted under the chromatographic condi- 
tions, the peak actually consisted of two compounds, 
the trimethylated derivative of acetazolamide and 
the tetramethylated derivative of 5-amino-l,3,4- 
thiadiazole-2-sulfonamide (I). If the propionyl analog 
of acetazolamide was methylated, the trimethylated 
derivative of the analog and I resulted. In this case, 
the two compounds were resolved, the former having 
the longer retention time. 


Kram (9) separated a number of sulfonamides 
using high-pressure liquid chromatography with pel- 
licular anion-exchange resins. A recent publication 
(10) indicated the feasibility of separating sulfon- 
amides by reverse phase chromatography. Therefore, 
a method for acetazolamide, sensitive to 25 ng/ml 
plasma, was developed using high-pressure liquid 
chromatography that requires no prior derivatiza- 
tion. 


EXPERIMENTAL 


Materials-A piston-driven, constant-flow, pulse-free pump'. 
with a 2000-psi limit, in conjunction with a septumless injector and 
254-nm UV detector2 (8-pI flow cell), was used for analyzing sam- 
ples. The output was recorded on a variable span, potentiometric 
recorder. Most separations were performed on a 1-m, 6.35-mm o.d., 
2-mm i.d., precision-bored stainless steel column packed with an 
octadecyl trichlorosilane bonded phase:' with a particle size of 30- 
44 pm. Sodium acetate buffer (0.05 M .  pH 4.5) with 2% (v /v )  


' Instrumentation Specialties Co.,  Lincoln, Neb. 
Varien Instrument Division, Palo Alto, Calif. 


.1 Vydac Reverse Phase, Applied Science Laboratories. State College. Pa 
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Figure 2-Chromatograms of acetazolamide (A)  and internal 
standard (B)  in 1 ml of plasma. Key: I ,  0.1 pg of acetazolamide 
and 5.32 pg of internal standard; and I I ,  5.0 pg of acetazol- 
amide and 5.32 pg of internal standard. 


methanol was employed as the mobile phase. The flow rate was 48 
ml/hr with pressures in the neighborhood of 1050 psi. 


Some separations were performed on a 30-cm, 4-mm i.d. column 
packed with octadecyl trichlorosilane bonded to less than 10 pm 
diameter packing material which recently became available4. In 
this case, the same buffer was used but contained 15% (v/v) metha- 
nol. The flow rate was 120 m l h r  with pressures of about 1500 psi. 


Reagents-Glycine buffer was prepared by addition of sulfuric 
acid to an aqueous glycine solution to obtain a pH 2 buffer. Sodi- 
um acetate and ammonium acetate buffers were prepared by ti- 
trating acetic acid with sodium hydroxide or ammonium hydrox- 
ide, respectively, to obtain pH 4.5 buffers. 


Extraction Procedure and  S tanda rd  Curve-Solutions of 
aceta~olarnide~ and internal standard, 5-propionamido-l,3,4- 
thiadiazole-2-sulfonamide6, were prepared daily in 0.01 N NaOH 
at concentrations of 1 mg/ml. The acetazolamide solution was di- 
luted 1:lOO and 1:20 with 0.01 N NaOH prior to addition to plas- 
ma. To 1-ml quantities of plasma, contained in 40-ml Teflon-stop- 
pered7 centrifuge tubes, 0.1, 0.25, 0.5, 0.75, 1.0, 2.5, and 5.0 pg of 
acetazolamide were added. The 1: lOO dilution was used for the 
first four samples, while the 1:20 dilution was used for the last 
three samples. 


From a 1:lO dilution of the internal standard solution, a con- 


* pBondapak C 18, Waters Associates, Milford, Mass 


fi Gift of Lederle Laboratories, Pearl River, N.Y. 
Sigma, St. Louis, Mo. 


Kontes. Vineland, N.J. 


stant amount of internal standard, 5.32 pg, was added to the solu- 
tions containing the different quantities of acetazolamide. Three 
milliliters of 0.5 M ammonium acetate buffer (pH 4.5) was added 
to the plasma. The aqueous phase was extracted twice with 10-ml 
portions of ethyl acetate, the contents being shaken for 5 min and 
centrifuged a t  2500 rpm after each extraction. The combined or- 
ganic phase was transferred to another 40-ml centrifuge tube and 
evaporated a t  40' with a stream of nitrogen. 


T o  the yellow residue, 4 ml of 0.25 M glycine buffer (pH 2) was 
added. The aqueous phase was extracted twice with 5-ml portions 
of methylene chloride and the organic phase, which retained the 
yellow pigments, was discarded. During this extraction, the con- 
tents were shaken gently to prevent emulsion formation. The 
aqueous phase was then extracted twice with 6-ml portions of ethyl 
acetate, and the combined organic extracts were evaporated to dry- 
ness. The residue was dissolved in 100 pl of 0.01 N NaOH, and the 
contents were sonified to ensure dissolution. Then 10-25 p1 of the 
0.01 N NaOH solution was injected onto the chromatographic 
column by the stop-flow technique. The peak areas of acetazolamide 
and the internal standard at 254 nm were determined by multi- 
plying the peak height times the width a t  half-height. 


The standard curve and typical chromatograms obtained in its 
preparation are presented in Figs. 1 and 2, respectively. Figure 3 il- 
lustrates the chromatogram obtained from a sample containing 25 
ng/ml acetazolamide, together with a blank, using the highly effi- 
cient, small-diameter packing material. 
Analysis of Samples-Approximately 5 pg of the internal stan- 
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Figure 3-Chromatograms of acetazolamide ( A :  25.2 ng/ml 
plasma), internal standard ( B :  2.58 pgglml plasma), and 
blank. 
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Figure 4-Plasma level profiles f o r  different dosage forms 
of acetazolamide. K e y :  -, tablet, 500 mg; and . . . . , timed- 
release formulation, 500 mg. 


dard, 5-propionamido-1,3,4-thiadiazole-2-sulfonamide, accurately 
known through weighing and dilution, was added to the plasma 
samples to be analyzed. The extraction procedure was then per- 
formed as described. The standard curve was used to determine 
the quantity of acetazolamide present in a known volume of sam- 
ple. T o  reduce build-up of highly retained compounds, which re- 
duced the efficiency of the column after repeated injections, it was 
convenient to inject 50 pl of methanol or dimethylformamide after 
each sample injection. 


RESULTS 


When the slope (0.205) for the regression line of the data for the 
standard curve was multiplied by the amount of internal standard 
employed (5.32 fig), a value of 1.09 was obtained. This value was 
very close to the molecular weight ratio (1.06) of the acetamido 
and propionamido analogs. The molar extinction coefficient for 
the two compounds was 8.52 X 103 at 254 nm. 


The plasma level-time curves for a 500-mg oral tablet and a 
500-mg timed-release formulations are presented in Fig. 4. Sig- 
nificant plasma concentrations exist for both dosage forms 45 hr 
after administration. This finding can oe explained by the strong 
affinity of carbonic anhydrase in the red blood cells and other 
tissues for acetazolamide. This affinity results in extremely small 
concentrations of free drug within these tissues and hence small 
gradientsfor the transport of drug from these tissues (11). A full 
analysis of the pharmacokinetics will be presented in the future. 


DISCUSSION 


Acetazolamide was initially chromatographed on pellicular 
anion-exchange column. However, the efficiency of the column 
rapidly declined with repeated injections of biological samples. 
Acetazolamide was reported to have two pKa’s of 7.4 and 9.1 (12). 
The absorption maximum shifts from 265 nm for the nonionized 
form to 290 nm for the totally ionized form. Since a 254-nm UV 
detector was employed, sensitivity was progressively lost as the pH 
of the buffers was increased from 7 to 9 to increase the retention of 
acetazolamide. Therefore, reverse phase chromatography was em- 


Sequel, Lederle Laboratories, Pearl River, N.Y 


Table 11-Area Rat ios  for Timed-Release Formulation 


Area Rat io ,  Acetazolamide/ 
Hours Internal S tanda rd  


3.3 
6.25 
9.25 
12.25 
24.25 
37.25 
49.25 


1.96; 1.96 
2.02; 2.11 
1.76; 1.73 
1.11; 1.12 
0.409; 0.422 
0.224; 0.234 
0,182; 0.174 


ployed. There was no evidence of column degradation with contin- 
uous use. 


The absolute recoveries of acetazolamide from 1 ml of plasma 
(Table I) ranged from 68 to 94% for concentrations of 0.1-10.0 p g /  
ml. These recoveries were determined by adding known quantities 
of acetazolamide to plasma and comparing the amounts recovered, 
using the previously discussed extraction scheme, to known 
amounts of acetazolamide injected directly into the liquid chroma- 
tograph from the solution used to spike the plasma samples. The 
recoveries showed the generally expected trend of higher percent 
recoveries with higher concentrations. This variability was over- 
come by using an  appropriate internal standard with similar par- 
titioning properties. 


To check the precision in performing the assay procedure with 
an internal standard, plasma concentrations from the orally ad- 
ministered timed-release formulation were determined in dupli- 
cate. The measured ratios, corrected to the 5.32 pg of internal stan- 
dard used in the construction of the standard curve, are presented 
in Table 11. 


The described analysis, with some modification, can obviously 
be extended to other sulfonamides and their metabolites. 
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reader’s labors and those legal requirements, and to call to the 
reader’s attention the burgeoning scientific literature pertaining to 
drug control.” In all three areas, a wealth of facts and information 
is presented from the viewpoint that can only be gained by many 
years of practical experience. 


In the first section of the book, the legal origins and applications 
relevant to regulatory drug analyses are presented and the pur- 
poses, functions, and responsibilities of regulatory drug analyses 
delineated. In the second section, the relevant scientific documents 
and literature resources, including domestic and foreign official 
regulatory methods, nonofficial compilations, reference treatises 
and texts, and publications are presented with a description of 
each. In the third section, the constructional features of methods 
suitable for, and useful in, regulatory drug analysis are described 
in detail. Although methods of analyses are in a continual state of 
flux as new procedures are developed, instrumentation becomes 
more sophisticated, or specifications more stringent, the basic 
principles remain unchanged. These are discussed relative both to 
monographs in existing pharmacopeias and to personal experi- 
ences of the author and associates in laboratory problems. 


The book should be particularly valuable for those chemists who 
are fairly new to the area of regulatory drug analyses, and at  the 
same time be of interest to experienced personnel in emphasizing 
the wide scope of their laboratory activities. 


Reviewed by W. N. French 
Health Protection Branch 
Department of National Health and 


Ottawa, Ontario, Canada 
Welfare 


.Amino-Acids, Peptides and Proteins. Volume 5. R. C. SHEP- 
PARD, Senior Reporter. The Chemical Society, Burlington 
House, London, WIV OBN, England, 1974.515 pp. 13 X 2.5 cm. 
Price €8.00. 
It is indeed encouraging to see that the high standard which was 


established by Dr. Young has been faithfully maintained by Dr. 
Sheppard in presenting this fifth report in the series of the litera- 
ture review in the field of amino acids, peptides, and proteins. The 
seven chapters of this volume provide a systematic and compre- 
hensive review of papers appearing during 1972 and make an ex- 
cellent addition to the earlier volumes. 


The first four chapters are devoted to the detailed survey of the 
literature on amino acids, structural investigations of peptides and 
proteins, peptide synthesis, and peptides with structural features 
not typical of proteins. Of special interest is the subject matter of 
Chapter 5 concerned with chemical structure and biological activi- 
ty as related to hormones and peptides, which have not been cov- 
ered in this series since Volume 1. The detailed review of this 


area therefore includes references from 1971 and earlier literature, 
as does the subject of Chapter 6 (Metal Derivatives of Amino 
Acids, Peptides, and Proteins) which covers papers appearing in 
1971 and 1972. 


The new and revised recommendations of the IUPAC-IUB 
Commission on Biochemical Nomenclature are included in Chap- 
ter 7 and in addition the present volume also includes definitive 
rules for one-letter notation for amino acid sequences for the pre- 
sentation of large amounts of data in a relatively compact form. 


The researchers in the area of amino acids, peptides, and pro- 
teins will greatly benefit from the indispensable service provided 
by this volume, however, it is sincerely hoped that such surveys of 
the literature in future volumes will be relatively more expedient. 


Reviewed by A. Kapoor 
College of Pharmacy and Allied Health 


S t .  John’s Uniuersity 
Jamaica, NY 11 739 


Professions 


Pills, Profits, and Politics. By MILTON SILVERMAN and 
PHILIP R. LEE. University of California Press, Berkeley, Calif., 
1974.421 pp. 16 X 24 cm. Price $10.95. 
In this book, the authors offer a well-documented, readable ac- 


count of the roles and forces affecting those involved in the drug 
distribution chain-from researcher to consumer. They detail the 
drug industry’s researchlpromotionlpricinglprofit policies, discuss 
physician prescribing habits, outline the history of federal legisla- 
tion and regulation, and examine the interrelationships between 
legislators, manufacturers, prescribers, and dispensers. The con- 
tinuing drug quality and generic versus brand name controversy is 
discussed, as is the discrepancy in drug pricing schedules between 
community pharmacies, hospitals, and nursing homes. Individual 
chapters are also devoted to adverse drug reactions and OTC prod- 
uct efficacy. 


Of particular interest is the chapter entitled “Pharmacy: Revo- 
lution in the Making.” Here the authors trace the role of the phar- 
macist and assert that “It is the pharmacist who can play a vital 
role in assisting physicians to prescribe rationally, who can help 
see to i t  that the right drug is ordered for the right patient, at the 
right time, in the right amounts, and with due consideration of 
costs, and that the patient knows how, when, and why to use both 
prescription and nonprescription products. It is the pharmacist 
who has been most highly trained as an expert on drug products, 
. . . and who can serve both physician and patient as a knowledge- 
able advisor. It is the pharmacist who can take a key part in pre- 
venting drug misuse, drug abuse, and irrational prescribing.” 


Staff Review 
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Complex Formation between Menadione and 
Cetylethylmorpholinium Ethosulfate: 
Effect on UV Photodegradation of Menadione 


C. R. KOWARSKI' and H. 1. GHANDI 


Abstract 0 The process of menadione photodegradation can be 
enhanced or diminished by other compounds. The presence of the 
quaternary ammonium compound cetylethylmorpholinium etho- 
sulfate (I) in solutions of menadione was found to slow the rate of 
photodegradation by UV light (253.7 nm). The mechanism of this 
effect may be due to complex formation between menadione and I. 
Complex formation was demonstrated by a shift in the absorption 
peaks of menadione from 245 and 260 nm to 251.5 and 261.5 nm, 
respectively. The equilibrium constant of this complex was calcu- 
lated to be 1.647 M. 


Keyphrases 0 Menadione-effect of quaternary ammonium com- 
pound on UV photodegradation rate, complex formation 0 Photo- 
degradation of menadione by UV light-effect of quaternary am- 
monium compound, complex formation Cetylethylmorpho- 
linium ethosulfate-effect on UV photodegradation of menadione, 
complex formation 


Menadione (2-methyl-1,4-naphthoquinone; vita- 
min K3) is degraded by exposure to light. The photol- 
ysis of menadione is diminished in the presence of 
anions such as chloride and bromide (1-8) but not 
sulfate (9). Some surfactants such as polysorbate 80 
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Figure 1-Set of UV spectra obtained during photolysis of 
menadione. Key:  1 ,  initial spectrum; 2, at 10 min; 3, at 20 
min; 4, at 40 min; 5, at 60 min; and 6, at 3 hr from the 
beginning of irradiation. 


Table I-Composite Photochemical Resul ts  of Menadione 
in Solutions Containing Compound I 


K I K H , ~ ,  
I Concentration, K, min-1 0.2 M Borate 


% (w/v) x 10 -:% Buffer 


0 4.863 1.000 
0 . 1  2.141 0,440 
1 . o  1.635 0.336 
2 . 5  1.289 0.265 
5 . 0  0.783 0.160 
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Figure 2-Rates of photodegradation of menadione in aqueous 
solutions containing various concentrations of I as expressed by 
the change in absorbance at 250 nm with time. Key: CD, 5% 
I ;  0,2.5% I; 0, I % I; *, 0.1 % I ;  and a, water. 


diminish the photodegradation of menadione, but 
polyoxyl40 stearate enhances it (10). 


The purpose of this study was to explore the effect 
of a quaternary ammonium compound on the photo- 
degradation of menadione. Cetylethylmorpholinium 
ethosulfate (I) was chosen because this compound 
does not absorb UV light in the same region as mena- 
dione and because the sulfate ion does not have any 
effect on the photodegradation of menadione (9). 


The naphthoquinone moiety present in menadione 
absorbs UV radiation over the 245-260-nm region. 
Therefore, photodegradation studies were carried out 
by irradiating with UV light a t  254 nm. 


EXPERIMENTAL 


Materials-Menadionel, mp 105', and cetylethylmorpholinium 
ethosulfate2 (I) were obtained commercially. 


Photodegradation-The light source employed3 was positioned 
at a distance of 60.0 mm from a quartz cell of 1 cm diameter. Fresh 
solutions of menadione in 0.2 M borate buffer solutions of pH 5.5 
were placed in the sample cell. The absorption spectra4 were deter- 
mined during photolysis. 


Interaction in Ground State-The solubility of menadione in 


' K&K Laboratories, Plainview, N.Y. 
a Atlas Chemical Industries. Wilmington, Del. 
" A  Pen-Ray mercury lamp, model SCT-1, black light (Eastern Corp.) 


UV absorption was measured in a Cary model 15 double-beam scanning 
with intensity of 2400 U W/cm2 and 253.7 nm radiation. 


UV spectrophotorneter and a Beckman DU spectrophotometer. 
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Figure 3-Solubility of menadione in an aqueous solution as a 
function of the concentration of I (% w/u) .  


the presence of I was studied by placing 100 mg of menadione in 
each of a series of 125-ml bottles containing 50 ml of 0.2 M borate 
buffer in which varying amounts of I were dissolved. 


The complex determination was carried out by mixing varying 
concentrations of I with a constant concentration of menadione, 
5.19 X M, and recording the absorption spectra. 


RESULTS 


Kinetics of Menadione Photodegradation-The photodeg- 
radation of menadione solution was expressed as the rate of change 
of absorbance a t  250 nm. The absorbance at this wavelength in- 
volves only the intact menadione (3, 6). A set of UV spectra ob- 
tained during photolysis is shown in Fig. 1. This figure demon- 
strates the gradual disappearance of the 250-nm absorption peak 
during photolysis. The effect of I on the rate of photodegradation 
was expressed by determining the apparent first-order rate con- 
stant, K, according to Eq. 1: 


(Eq. 1) 


For every rate study with I, a control study was run without it, 
and the ratio of the apparent first-order rate constants, K I K H , ~ ,  
was determined (Table I and Fig. 2). 


Interaction in Ground State-An increase in the solubility of 
menadione occurred in the presence of I, particularly when the 
concentration of I rose above 0.5% (w/v) (Fig, 3). 


The presence of I also led to changes in the absorption spectrum 
of menadione. This phenomenon can be used to suggest the nature 
of this interaction. A maximum lowering of the 250-nm absorption 
peaks occurred when the concentration of I reached 2.78 M. At this 
concentration, the 245-nm absorption peak had shifted to  251.5 
nm and the 260-nm absorption peak had shifted to 261.5 nm. 


These shifts in the peaks, as well as the decrease in the absorb- 
ance of  menadione by the addition of I, suggested a mechanism for 


0 0.5 1 .o 1.5 1.8 
1/00 


Figure 4-Relationship between the concentration of I [Qo ] 
and the concentration of the complex [?I. 


Table 11-Relationship between the Concentrat ion of 
Compound I [ Q o ]  a n d  the Concentrat ion of  t he  Menadione- 
I Complex at  25" (Menadione Concentrat ion = 5.19 x 
u - 5  M )  


si 
Qo, ' A i  AS = 7 


0.5565 
0 .8347  
1 .1130  


0.0630 
0.0700 
0.0880 


2 .0000  
1 .8001  
1 . 4 3 1 8  


1 ,6696 0 .1040  1 .2116  
2.2262 0.1190 1 ,0588 


1 . 0000 2 .7825  0 .1260  


the slowing down of the photodegradation of menadione. Accord- 
ing to Kunio and Matsuoka (111, these two phenomena indicated 
the formation of a complex between menadione and I in the 
ground state. 


The dissociation constant for the complex of I and menadione 
was calculated according to Kunio and Matsuoka (11) as follows: 


where Ai = the difference between the absorbance of menadione in 
borate buffer and in various concentrations of I, and As = the dif- 
ference between the absorbance of menadione in borate buffer and 
the maximal absorbance a t  the highest concentration of I. The ab- 
sorbance was measured a t  250 nm. 


The quotient of the complex concentration [MQ] and the mena- 
dione concentration [ M ]  is: 


The proportionality factor is calculated with: 


B = ffrl (Es. 4 )  


The equilibrium constant, K, is found by: 


(Eq. 5) 


where [MI and [Q] are the concentrations of menadione and I, re- 
spectively; and [MQ] is the concentration of the complex formed. 


Since the concentration of the menadione is insignificant as 
compared to that of I, the amount of the I bound in the ground 
state is also insignificant as compared to the total concentration of 
1. Therefore, the concentration of Q = 80, K = [(l - /3)//3] 1801, and 
Eq. 1 becomes: 


or :  


(Eq. 6 )  


(Eq. 7) 


If 1/11 uersus 1/Q is plotted (as shown in Fig. 4), the intercept gives 
the value a. Thus, the equilibrium constant can be calculated. A t  a 
I concentration of 1.6696 M, the equilibrium constant was 1.647 M 
and the concentration of complex formed was 1.014 X M .  
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Synthesis and Evaluation of Antitumor Activity of 
1 -[N, N -  Bis (2 -chloroethyl) sulfamoylphenyl]-3,3 -dial kyltriazenes 


I. LALEZAR1"and F. AFGHAHI 


Abstract 0 Twenty-two l-p-sulfamoylphenyl-3,3-dialkyltri- 
azenes, l-p-dialkylsulfamoylphenyl-3,3-dialkyltriazenes, and l - p -  
[N,N ~ his(:! - chloroethy1)sulfamoylphenylj - 3,3 - dialkyltriazenes 
were synthesized from their corresponding amines. Six of the com- 
pounds tested were devoid of antitumor activity. 


Keyphrases Triazene derivatives-synthesis of 22 l-p-sulfa- 
moylphenyl-, 1-p-dialkylsulfamoylphenyl-, and l-p-[N,N-bis(S- 
chloroethyl)sulfamoylphenyl]-substituted 3,3-dialkyltriazenes, six 
compounds screened for antitumor activity Sulfamoylphenyl- 
triazenes-synthesis of 22 derivatives, six screened for antitumor 
activity 0 Antitumor activity-six of 22 synthesized sulfamoyl- 
phenyltriazenes screened 


A number of 5-triazenoimidazoles with pro- 
nounced activity against experimental tumors were 
synthesized previously (1, 2). 5-(3,3-Dimethyl-l-tri- 
azeno)imidazole-4-carboxamide, in particular, is clin- 
ically useful for the induction of temporary remission 
in malignant melanoma (3). Some derivatives of 
phenyltriazenes have exhibited antitumor activity (4, 
5), and some derivatives of N1,N1- bis(2-chloroethy1)- 
sulfanilamide were also found to be active against ex- 
perimental tumors (6). Several p-sulfonyl- and p-sul- 
famoylcarbanilic acid esters were found to be inactive 
in mouse lymphoid leukemia (7,8). 


To extend these observations, it was decided to 
prepare compounds having p-sulfamoylphenyl, p -  
dialkylsulfamoylphenyl, and bis(2-chloroethy1)sul- 
famoylphenyl groups and the triazeno moiety in their 
molecules. Sulfanilamide, N1,N1-dialkylsulfanilam- 
ide, and N1,N1-bis(2-chloroethyl)sulfanilamide were 
readily converted to the desired triazeno derivatives 
by treating the appropriate diazotized amines with 
the secondary amines in sodium carbonate solution 
(Scheme I). All prepared compounds are summarized 
in Table I. 


Compounds VIa, IIb, Vb,  Ic, IIIc, and Vc were 
tested in uiuo for antitumor activity against mouse 
lymphoid leukemia L-1210, resulting in a T/C per- 
cent of 120 or less a t  400 mg/kg (increase in survival 
of treated animals). 


EXPERIMENTAL' 


1 [N,N - Bid2 - chloroethyl)sulfamoylphenyl] 3,3 - pentameth- 
ylenetriazene (IVc) was obtained from 2.97 g (0.01 mole) of 
N1,N1-bis(2-chloroethyl)sulfanilamide prepared according to 
Brintzinger et  al. (9). The sulfanilamide derivative was added to a 
mixture of 25 g of crushed ice and 3.5 ml of concentrated hydro- 
chloric acid with vigorous stirring a t  0-5'. Diazotization was 
achieved by the slow addition, accompanied by thorough agitation, 
of sodium nitrite [0.7 g (0.01 mole) dissolved in 5 ml of water]. 
After standing a t  0-5O for 20 min, the solution was filtered rapidly 


p-R,NSO,C,H,NH, -+ 


p-RlNSO,C,H, N,C1 - p-bNSO,C,H.,N= N- N R' 2 


la: R = H, R = CH,, 
110: R = H. R = C,H, 


1110: R = H. R' = C,H, 
IVU: R = H. R = -(CH,),- 
Vtr: R = H. R = -(CH,)-, - 


VIn: R = H. R = -CH,CH20CH,('HI - 
VIIa: R = H. R = -CH,CHICH(CH,~)CHICHL- 


VIIICJ: R = H. R = <H,CH,N(CH,)CH,CH:- 
Ih: R = C H , . R = C H ,  


Ilh: R = C H , . R = C , H ,  
IIIh: R = C H ; ,  R =-(CHI),- 
IVh: R = C H ; .  R=-(CHI);- 
Vh: R = CH (. R = -CH,CH,0CH2CH,- 


VIh: R = C'H;. R =-CHICHICH(CH,)C'HIC'H,- 
L'llh: R = CH ,. R = -CH&'HJ(CH :)CH?('H,- 


Ic: R = CICHLCH, R = CH,, 
Ilc: R = CICH,CHI, R = CIH-, 


111~: R = CICHlCH, R' = -(CH2),- 
IVC: R =CICH,CHI. H' = -(CH2)5- 
VC: R = CICH,CH,, R = -CHJCH20CHlCHI- 


V ~ C :  R = CICH,CH,, R' = -CH?CH,CH(CHJCH!CH,- 
VIIC: R = ClCH,CH,, R = -CHICH,N(CH,)CHZCH,- 


Scheme 1 


' Melting points were measured on a Kofler hot-stage microscope and are 
uncorrected. The IR spectra were recorded on a Leitz model 111 spectro- 
graph. NMR spectra were taken on a Varian A60A instrument. Mass spectra 
were recorded on a Varian Mat 11 1 spectrograph. UV spectra were obtained 
using a Varian-Techtron 635 recording instrument. All compounds were 
subjected to IR, NMR, and mass spectroscopy, and the results were as ex- 
pected. 
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BOOKS 


REVIEWS 


International Aspects of Drug Evaluation a n d  Usage. Edited 
by A. J. JOUHAR and M. F. GRAYSON. Longman Inc., 72 
Fifth Ave., New York, NY 10011, 1973.374 pp. 14 x 23 cm. Price 
$21.00. 
The book records the proceedings of the International Meeting 


of Medical Advisors in the Pharmaceutical Industry held April 
17-20, 1972 in London. The meeting was conceived as an attempt 
to assess the current state of‘ the evaluation of drugs around the 
world. The major contributors to the book were medically quali- 
fied people working in the pharmaceutical industry. Because of the 
broad spectrum of contributors, the book is worthwhile reading for 
anyone involved in drug development in the pharmaceutical indus- 
try. Due to the international nature of the symposium, much of the 
material concerning, directly or indirectly, the regulatory aspect of 
drug development is not entirely applicable to  requirements in the 
United States. The book does provide, however, oia its interna- 
tional contributors, an interesting overview of the data required by 
drug regulatory agencies outside the United States. The book’s 
most useful aspect is its exchange of experiences in drug develop- 
ment by people intimately involved in the work on a world-wide 
basis. I t  is always useful and consoling, if not profoundly informa- 
tive, to be made aware of the approaches and frustrations of others 
involved in drug evaluation and development. The many chapters 
in this vein are quite useful in confirming one’s approach to drug 
development, and in demonstrating that one’s unanswered ques- 
tions are also unanswered questions by others working in the same 
area. 


One particularly noteworthy chapter is by C. Maxwell. Maxwell 
provides some extremely worthwhile comments and philosophy in 
his opinion and overview on the preclinical screening of new drugs, 
the proper philosophy for the clinical testing of drugs, and the use 
of statistics in clinical efficacy decision making. 


Overall, the book outlines a very practical, realistic approach to 
drug testing and clinical evaluation. “International Aspects of 
Drug Evaluation and Usage” is, therefore, recommended reading 
by anyone involved in the clinical testing and/or supervision of 
clinical testing of new drugs. 


Reviewed by William A. Cressman 
McNeil Laboratories, Inc. 
Fort Washington, PA 19034 


USAN 10 a n d  the USP Dictionary of Drug  Names, 1974 Sup- 
plement. Published for the USAN Council by the U.S. Pharma- 
copeial Convention, Inc., Rockville, MD 20852, 1974. vi + 100 
pp. 21 X 28 cm. Price $4.75. 
This recently published Supplement contains 5747 entries in- 


cluding all entries from the 1973 Supplement. Seventy-three new 
USAN names are incorporated into this Supplement and 125 new 
code designations are included. The USAN books also provide in- 
formation on USP and NF official names, FDA established names, 
and brand names, abbreviations, and trivial names. 


The USAN publications are a most important aspect of the ef- 
fort to bring uniformity to the area of drug nomenclature. As such 
they should be available to and utilized by all persons involved 
with pharmaceuticals. 


Staf f  Reuiew 


Everything You Wanted To Know About Drug  Abuse.. . But 
Were Afraid To Ask. By C. L. WINPK. Dekker, New York, NY 
10016, 1974. 213 pp. 15.5 X 23.6 cm. Price $12.75. 
The material in this book is presented in an easy to read form of 


questions and answers and is divided into 14 sections generally by 
category of abused drug. 


The book is based on the author’s experience in dealing with the 
drug problem on a daily basis over the past 6 years. The material is 
based on real experiences obtained during the author’s various ac- 
tivities concerned with the drug problem including investigating 
drug-related deaths and conducting toxicological analyses. 


The questions included in this book are those put to the author 
during various speaking engagements and seminars by students, 
teachers, and various health-care professionals. 


Staff Review 
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Absorption of Metrizamide from Cerebrospinal Fluid to 
Blood: Pharmacokinetics in Humans 


KLAES GOLMAN 


Abstract 0 The rate of transfer of contrast agents from cerebro- 
spinal fluid to blood is of clinical importance in radiological exami- 
nations of the subarachnoid space. Metrizamide, a potential con- 
trast medium, was injected intrathecally to humans and serum lev- 
els a t  different times after injection were measured. A one-com- 
partment open model was found to apply to the data. Considerable 
individual variations were found, but the mean absorption rate 
constant indicated that more than 50% of the absorbed dose had 
disappeared from the cerebrospinal fluid 0.75 hr after injection. 
TLC of the fraction excreted in the urine showed that metrizamide 
was not metabolized in the body. 


Keyphrases 0 Metrizamide-pharmacokinetics after intrathecal 
administration, concentration in cerebrospinal fluid, humans 


Pharmacokinetics-metrizamide absorption from subarachnoid 
space after intrathecal administration, humans Radiology- 
pharmacokinetics of metrizamide absorption from subarachnoid 
space after intrathecal administration, humans Absorption ki- 
netics-metrizamide from cerebrospinal fluid, humans 


Metrizamide (I) is a contrast agent (1) developed 
for use in the subarachnoid space. The absorption of 
metriiamide and other water-soluble contrast agents 
from cerebrospinal fluid to blood was previously fol- 
lowed by evaluation of X-ray films taken at  different 
times after intrathecal injection of the contrast 
agents (2-6). However, it is difficult from subjective 
evaluation of X-ray films to estimate the biological 
half-life of the contrast agent in the subarachnoid 
space. Therefore, the absorption process was exam- 
ined further by determining pharmacokinetic param- 
eters describing the absorption, distribution, and 
elimination of metrizamide after intrathecal injection 
in humans. 


EXPERIMENTAL 


Subjects-The subjects were patients who volunteered to par- 
ticipate after the test was discussed with them. The patients were 
part of a previously reported study (2), and each patient was ex- 
amined and had a medical evaluation as described in that study. 


Methods-For the present study the following sampling was 
relevant. Venous blood samples were taken a t  0.5, 0.75, 1, 1.5, 2, 3, 
4, 6, and 23 hr after intrathecal injection of 1700 mg of I (170 mg 
I/ml) in the lumbar region (Ll-L4). The weight of the patients was 


CH,OH HoaoH 
0 \ 


/N\/ 


u1 H 


I-Q-NCOW, I 


CH,COId 'I A 
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Table I-Serum Values a n d  Percent Absorbed from t h e  
Subarachnoid Space a f t e r  Intrathecal Injection 


Time Observed I S e r u m  
a f t e r  Concentration, pg/ml Percent  


~~ of Dose 
tion, hr Mean f SD Range  AbsorbedfA 
Injec- -_ 


~ ~~~~~ ~~ ~ 


0 .5 6.0 f 5 . 1  1.2-7.8 30.2 
0.75 8.6 f 6.9 1.6-22.4 51.7 
1 11.4 + 8.3 3.2-28.4 66.6 
1 . 5  15.4 f 8.6  5.2-28 . O  84 .o 
2 
3 
4 
6 


15.6 8 .2  5.2-29.2 92.4 
14.9 f 5.8  5.6-24.0 98.2 
13.9 f 4.6  7.2-21.2 99.6 
11.7 & 3.9 7.2-18.4 99.9 


23 3.0 f 1.7  1.0-4.4 100 . o  
a Calculated from Eq. 2. 


in the 59-94-kg range. Cerebrospinal fluid samples were obtained 
by a second spinal puncture taken at 6 or 24 hr after the injection. 


Quantitative urine collection was performed during the first 24 
hr after injection. Serum and cerebrospinal fluid samples were an- 
alyzed for their iodine content by a modification of the alkaline 
ashing method' (7) and urine samples were analyzed by the oxygen 
flask combustion method2 (8). 


Pharmacokinetic Analysis-To determine the kinetic con- 
stants related to the absorption of metrizamide into the blood, a 
one-compartment open model was used. In this model the serum 
concentration follows the equation of Teorell (9): 


where: 


C =  
T =  


To = 
F =  
D =  
k =  


KE = 
v =  


serum concentration 
time after injection 
lag time 
fraction of dose absorbed 
dose 
first-order rate constant for absorption 
first-order rate constant for excretion 
apparent volume of distribution 


Initial estimates for the parameters k ,  KE,  and VIF were ob- 
tained from observed serum levels using the feathering technique 
described by Wagner (10). Final estimates were found by fitting 
the theoretical curve (Eq. 1) to the observed values. The curve f i t -  
ting was done by computer3. From the final estimates for the ab- 
sorption rate constant, the percentage absorbed from the sub- 
arachnoid space was calculated as a function of time by the equa- 
tion: 


(Eq. 2) 


where AT = amount of substance that has entered the volume of 
distribution a t  time 2'. The derivation of this equation was de- 
scribed previously (11). All calculations using Eq. 2 have been done 


At the Central Laboratory, UllevAl Hospital, Oslo, Norway. 
By the Analytical Department of Nyegaard & Co, Oslo, Norway. 
A nonlinear iterative program written in BASIC for the Honeywell-Bull 


time-sharing system. 


I 


CH, 
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DISCUSSION 


The results support the preliminary assumption that the one- 
compartment open model is valid for describing the absorption of 
metrizamide from the subarachnoid space to blood, as was found 
in a previous study (11) where metrizamide was injected intracist- 
ernally to cats. In this study, the first-order constant for absorp- 
tion was also 1.5 hr-l. However, in neither of the two studies was 
an attempt made to incorporate the amount of metrizamide that 
penetrates into the extracellular space of the nervous tissues into 
the pharmacokinetic model because of the acceptable fit to the 
blood data obtained by the one-compartment open model. 


From the structure of the ependyma (13), it is probable that 
some injected metrizamide enters the extracellular space of the 
nervous tissue relatively fast. This migration implies a longer bio- 
logical half-life of metrizamide in the subarachnoid space than is 
found by the one-compartment open model and may partly ex- 
plain the discrepancy found between the two different methods of 
measuring the biological half-lives used in the present study. 


Another source of error is that  when the biological half-life of 
metrizamide in the subarachnoid space was determined from mea- 
surements of the cerebrospinal fluid concentration, the same group 
of patients was not examined 6 and 24 hr after injection. Further- 
more, the calculation used in Eq. 3 is based on the assumption that 
metrizamide has the same distribution a t  6 and a t  24 hr after injec- 
tion. This may not be the case, but the results of Prockop and 
Fishman (14) indicate that the assumption is valid. They found 
that the concentration of inulin followed a straight line in a semi- 
logarithmic plot of cerebrospinal fluid concentration versus time. 


'The biological half-life of inulin was 68.8 min-' during the obser- 
vation period of 30-150 min after percutaneous injection in cister- 
na magna of dogs. 


In the three patients examined 6 hr after the injection, a mean 
concentration of 3600 Mg of I/ml was found. This value is only one- 
fourth of that which would have been found (Table 11) if the vol- 
ume of the subarachnoid space in humans is 118 ml (13), if no dis- 
appearance had taken place, and if the contrast agent had distrib- 
uted uniformly in the cerebrospinal fluid. A uniform distribution 
in the cerebrospinal fluid within the first few hours after the injec- 
tion is not likely, and the value of 3600 pg of I/ml thus shows that 
the biological half-life of metrizamide in the cerebrospinal fluid is 
far less than 11 hr during the first 6 hr after injection. 


In the previous study (11) as well as in this study, considerable 
variation in the serum levels was found between subjects. This 
finding should be related to the observations by Skalpe et al. (2) 
who, by examining the radiographs, found that no contrast could 
be seen in some patients 3-5 hr after injection while traces could 
still be seen in other patients after 8 hr. The disappearance of 
other contrast agents from the subarachnoid space after intrathe- 
cal injection in humans also seems to show similar individual vari- 
ations. Thus, Schmerwitz and Rosch (5) found meglumine iocar- 
mate to be completely "radiologically" absorbed within 2-8 hr 
after injection. For meglumine iothalamate, the corresponding 
time was 4-8 hr (6). 


One reason for the individual variation in the data in the present 
study is the variation in dose per unit body weight. Another, and 
perhaps the main, reason may be that the patients made different 
movements after the injection, thus provoking differences in the 
circulation of the cerebrospinal fluid. It has been shown that 
movements of the body are very important for the circulation in 
spinal cerebrospinal fluid of cats. Grundy (15) found virtually no 
movement of dye from 7 to 85 min after sacral injection when the 
cats were kept immobile. Since the importance of the movements 
for the circulation was not recognized in the previous study in cats 
(11) and in this study, special attention was not paid to this factor 
so the rate constants for absorption found cannot be correlated with 
the movements of the patients and the handling of the cats. 


Inflammatory involvements of the meninges may also change 
the absorption rate from cerebrospinal fluid (14, 16, 17). If, how- 
ever, inflammatory involvements of the meninges are present and 
have any effect on absorption, they must mainly be located in the 
lumbar area of the subarachnoid space, because radiographs 
showed that no visible contrast passed above the 12th thoracic ver- 
tebra. Although the mean value of To shows that 0.25 hr passes 
after the injection before metrizamide enters the blood, the fact 
that  the blood level reaches its peak within 2 hr after injection cor- 
related with the assumed slow circulation in the cerebrospinal 
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Figure 1-Serum iodine concentrations. Mean values of 
observed concentrations after intrathecal injection of metriz- 
amide in  eight patients (0).  Theoretical curve of best fit was 
calculated from Eq. 1 (-). 


with the value of F = 1, assuming all metrizamide to be absorbed 
from the subarachnoid space. 


The concentrations of metrizamide in the cerebrospinal fluid at 
different times after injection were also used for calculation of the 
biological half-life of metrizamide in the subarachnoid space. 
When assuming first-order kinetics, the biological half-life (TI,,, 
was calculated by the equation: 


(Eq. 3) 


where C1 = concentration a t  time 2'1 (hours) after injection, and 
C z  = concentration a t  time '7'2 (hours) after injection. 


Metabolism-All urine samples were examined for metabolites 
by TLC. The urine was applied to silica gel plates, which were de- 
veloped in two systems as described by Frey (12). After develop- 
ment the plates were examined under UV light. 


RESULTS 


Serum Concentration-Eight patients were injected with 
metrizamide intrathecally. Metrizamide could be detected in the 
blood after about 15 min, and the maximum serum concentration 
appeared about 2 hr after injection (Table I). Relatively large indi- 
vidual variations were found. Estimates for the pharmacokinetic 
parameters were determined for each subject from the observed 
serum concentrations and are presented in Table 11, where the pa- 
rameters calculated from the mean serum values are shown also. 
The f i t  of the theoretical curve to the observed data is shown in 
Fig. 1. 


Biological Half-Life-From the estimated mean rate constant 
for absorption, the percentage absorbed from the subarachnoid 
space to blood a t  different times after injection was calculated 
using Eq. 2. The values (Table I) show that about half of the dose 
disappeared from the cerebrospinal fluid in 0.75 hr. 


In three patients the concentration of metrizamide in the cere- 
brospinal fluid was measured 6 hr after injection, and in three 
other patients the concentration was measured 24 hr after injec- 
tion (Table 11). When the mean values of these measurements were 
used for calculation, the biological half-life of metrizamide in the 
subarachnoid space was found to be 11 hr. 


Excretion in Urine-In the six patients from which urine was 
sampled, 55-86% of the administered I was recovered within 23 hr. 


Metabolism-The metabolic studies showed that no metabo- 
lites of metrizamide were found in the part of the dose excreted in 
the urine (Table 11). The detection limit was estimated to be less 
than 5% of the recovered dose. 
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Table 11-Pharmacokinetic Constants, Cerebrospinal Fluid Concentrations, and Urinary Recovery after Intrathecal 
Injection of 1700 mg of I 


Per- 
cent 


Recov- 
ered 


concentrations *b  Urine 
k, 23 hr 


R a t e  Constant 6 hr after 24 hr after after 
€or Absorption, K E  Rate Constant V Injection, Injection, I n  jec- 


Patient hr-1 for Excretion, hr-1 TO, Lag Time, hr F’ ml/kg pg I /ml  rg  I /ml  tion 


Cerebrospinal Fluid In 


- 1 2 . 1  0.08 0 . 5 4  96 2200 86 
2 1 . 4  0 . 0 7  0 . 1 6  130 - 1510 63 


60 3 1 . 3  0.20 0 . 4 1  141 
4 0 . 4  0.04 0 . 1 3  210 - 1540 55 
5 0 . 7  0 .14 0.29 117 - 460 79 


a2 6 1 .o 0.23 0 . 1 6  53 200 
7 0 . 3  0 .13 0 . 2 5  80 8500 
8 5 . 7  0.12 0 . 3 8  80 
Mean f SDc 1 . 5  =t 0 . 2  0.09 f 0.01 0 . 2 5  f 0.05  121 f 5 


- - 


- 
- - 
- - - 


The cerebrospinal fluid was obtained by a second spinal puncture. b When assuming uniform distribution in the subarachnoid space and no disappearance 
from the cerebrospinal fluid, the concentration would have been 14,400 fig of I / d .  Calculated from the observed mean serum values in Table I. 


fluid (15) and makes it probable that, with the doses used in this 
study, most of the absorption takes place in the lower part of the 
spinal canal. 


CONCLUSION 


Absorption and excretion of metrizamide after intrathecal injec- 
tion in the lumbar area of humans seem to follow first-order kinet- 
ics. The one-compartment open model is valid for calculations of 
the blood level data obtained after intrathecal injection of metriza- 
mide. After intrathecal injection of 10 ml of metrizamide (170 mg 
of Ilml) in the lumbar area, most absorption probably takes place 
from the lower part of the spinal canal. About 70% of the injected 
dose is excreted in the urine within 24 hr after the injection. 
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reader’s labors and those legal requirements, and to call to the 
reader’s attention the burgeoning scientific literature pertaining to 
drug control.” In all three areas, a wealth of facts and information 
is presented from the viewpoint that can only be gained by many 
years of practical experience. 


In the first section of the book, the legal origins and applications 
relevant to regulatory drug analyses are presented and the pur- 
poses, functions, and responsibilities of regulatory drug analyses 
delineated. In the second section, the relevant scientific documents 
and literature resources, including domestic and foreign official 
regulatory methods, nonofficial compilations, reference treatises 
and texts, and publications are presented with a description of 
each. In the third section, the constructional features of methods 
suitable for, and useful in, regulatory drug analysis are described 
in detail. Although methods of analyses are in a continual state of 
flux as new procedures are developed, instrumentation becomes 
more sophisticated, or specifications more stringent, the basic 
principles remain unchanged. These are discussed relative both to 
monographs in existing pharmacopeias and to personal experi- 
ences of the author and associates in laboratory problems. 


The book should be particularly valuable for those chemists who 
are fairly new to the area of regulatory drug analyses, and at  the 
same time be of interest to experienced personnel in emphasizing 
the wide scope of their laboratory activities. 


Reviewed by W. N. French 
Health Protection Branch 
Department of National Health and 


Ottawa, Ontario, Canada 
Welfare 


.Amino-Acids, Peptides and Proteins. Volume 5. R. C. SHEP- 
PARD, Senior Reporter. The Chemical Society, Burlington 
House, London, WIV OBN, England, 1974.515 pp. 13 X 2.5 cm. 
Price €8.00. 
It is indeed encouraging to see that the high standard which was 


established by Dr. Young has been faithfully maintained by Dr. 
Sheppard in presenting this fifth report in the series of the litera- 
ture review in the field of amino acids, peptides, and proteins. The 
seven chapters of this volume provide a systematic and compre- 
hensive review of papers appearing during 1972 and make an ex- 
cellent addition to the earlier volumes. 


The first four chapters are devoted to the detailed survey of the 
literature on amino acids, structural investigations of peptides and 
proteins, peptide synthesis, and peptides with structural features 
not typical of proteins. Of special interest is the subject matter of 
Chapter 5 concerned with chemical structure and biological activi- 
ty as related to hormones and peptides, which have not been cov- 
ered in this series since Volume 1. The detailed review of this 


area therefore includes references from 1971 and earlier literature, 
as does the subject of Chapter 6 (Metal Derivatives of Amino 
Acids, Peptides, and Proteins) which covers papers appearing in 
1971 and 1972. 


The new and revised recommendations of the IUPAC-IUB 
Commission on Biochemical Nomenclature are included in Chap- 
ter 7 and in addition the present volume also includes definitive 
rules for one-letter notation for amino acid sequences for the pre- 
sentation of large amounts of data in a relatively compact form. 


The researchers in the area of amino acids, peptides, and pro- 
teins will greatly benefit from the indispensable service provided 
by this volume, however, it is sincerely hoped that such surveys of 
the literature in future volumes will be relatively more expedient. 


Reviewed by A. Kapoor 
College of Pharmacy and Allied Health 


S t .  John’s Uniuersity 
Jamaica, NY 11 739 


Professions 


Pills, Profits, and Politics. By MILTON SILVERMAN and 
PHILIP R. LEE. University of California Press, Berkeley, Calif., 
1974.421 pp. 16 X 24 cm. Price $10.95. 
In this book, the authors offer a well-documented, readable ac- 


count of the roles and forces affecting those involved in the drug 
distribution chain-from researcher to consumer. They detail the 
drug industry’s researchlpromotionlpricinglprofit policies, discuss 
physician prescribing habits, outline the history of federal legisla- 
tion and regulation, and examine the interrelationships between 
legislators, manufacturers, prescribers, and dispensers. The con- 
tinuing drug quality and generic versus brand name controversy is 
discussed, as is the discrepancy in drug pricing schedules between 
community pharmacies, hospitals, and nursing homes. Individual 
chapters are also devoted to adverse drug reactions and OTC prod- 
uct efficacy. 


Of particular interest is the chapter entitled “Pharmacy: Revo- 
lution in the Making.” Here the authors trace the role of the phar- 
macist and assert that “It is the pharmacist who can play a vital 
role in assisting physicians to prescribe rationally, who can help 
see to i t  that the right drug is ordered for the right patient, at the 
right time, in the right amounts, and with due consideration of 
costs, and that the patient knows how, when, and why to use both 
prescription and nonprescription products. It is the pharmacist 
who has been most highly trained as an expert on drug products, 
. . . and who can serve both physician and patient as a knowledge- 
able advisor. It is the pharmacist who can take a key part in pre- 
venting drug misuse, drug abuse, and irrational prescribing.” 


Staff Review 
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Development and Evaluation of a Dexamethasone 
Timed-Release Aerosol Formulation 


W. FEINSTEIN and J. J. SCIARRA” 


Abstract Dexamethasone microcapsules were prepared and in 
uitro parameters were determined by sieve analysis which yielded 
materials retained on Nos. 80-, loo-, 200-, and 270-mesh sieves. 
Release rate and direct total determinations indicated that some 
measure of timed release appeared in all four sieve samples. The 
pH-release rate profiles of the microcapsules indicated that disso- 
lution was pH independent. Colloidal silica and isopropyl myris- 
tate formulations provided the best suspending characteristics of 
all aerosol formulations evaluated. Delivery rate, pressure, and 
evacuation testing demonstrated the usability and functionality of 
the aerosol. An evaluation was made on the effect on urinary ex- 
cretion levels of 17-hydroxycorticosteroid when a physical ad- 
mixture of the drug and timed-release microcapsules were sprayed 
on rabbits. The significantly higher 17-hydroxycorticosteroid lev- 
els obtained in urine of animals treated with the admixture after 1 
day may have been attributed to both an immediate suppression of 
the endogenous steroid and the “spilling over” of excess dexameth- 
asone. A significant difference also was found a t  the 90% confi- 
dence level among the 24-, 48-, and 72-hr 17-hydroxycorticosteroid 
levels in the admixture and the microcapsules, which substantiat- 
ed the delayed effect of the latter. 


Keyphrases 0 Dexamethasone-development and evaluation of 
timed-release aerosol formulation, preparation of microcap- 
sules 0 Aerosols-development and evaluation of dexamethasone 
timed-release formulation 0 Timed-release formulations-dexa- 
methasone aerosol, development and evaluation Topical prepa- 
rations-dexamethasone timed-release aerosol formulation, devel- 
opment and evaluation 


Sciarra and Gidwani (1) discussed the kinetics that 
influence the rate of release of substances from vari- 
ous polymeric films and found that several polymer 
films inhibited the release of the drug and may be 
suitable for producing a sustained-action aerosol 
spray. The film-forming agents, ethylcellulose and 
polyamide, are compatible with aerosol propellants 
and are suitable for spraying (2). The kinetics of drug 
release were studied from polymeric films formulated 
as an aerosol dressing (3). 


The methods for delaying the activity of medica- 
ments to produce orally and parenterally adminis- 
tered timed-release pharmaceuticals have been re- 
viewed (4). The preparation of nylon microcapsules 
and their application to pharmaceutical dosage forms 
were reported (5), as well as a listing of the possible 
methods of microencapsulation (6). An in uitro test 
method for the characterization of oral timed-release 
materials appears in the National Formulary (7). The 
influence of particle size in an aerosol dosage form 
and the various factors influencing the particle size of 
a substance dispensed from an aerosol were reported 
(8). 


Scoggins (9), using fluocinolone acetonide, re- 
ported depression of urinary steroid excretion caused 
by suppression of endogenous adrenocorticosteroid 
production, indicating absorption of the drug. The 
decrease in concentration of 17-hydroxycorticoste- 


roids in the urine was suggested to reflect a partial 
shutdown of adrenal gland activity because of the ab- 
sorbed steroid (10). 


This study concerns the microencapsulation of 
dexamethasone by the phase separation method of 
Rowe (11). Various polymers were investigated to de- 
termine the most suitable one for coating the active 
drug. Since the particle size of the microencapsulated 
material is critical when used in an aerosol formula- 
tion, attention was given to methods for the separa- 
tion of the microencapsulated substance into various 
particle-size ranges. The suspension, resuspension, 
and prevention of agglomeration and caking of the 
particles were considered using several dispersing 
agents. Finally, the 17-hydroxycorticosteroid urine 
level was determined in rabbits both before and after 


.application of the spray to determine the extent of 
the release of dexamethasone from the film. 


Dexamethasone was chosen for this study because 
it is a commonly used medicinal in topical products 
and can be easily detected. It has been shown that 
topical applications of steroids, when absorbed, bring 
about various detectable in uivo responses (12,13). 


EXPERIMENTAL 


Preparat ion of Microcapsules-Methylcellulose, ethylcellu- 
lose, polyvinyl acetate, and polyvinyl alcohol were used. One major 
problem that occurred during the preparation of the microcapsules 
involved the separation of the mass into discrete particles. This 
problem was overcome by using ethylcellulose as the polymeric 
material, varying the order of mixing, and controlling the rate of 
addition of the solvents. 


Fifty grams of ethylcellulose NF was added to 450 g of toluene 
by sprinkling it into the vortex of the toluene, using a laboratory 
mixer’ a t  a speed of approximately 100 rpm. The solution was 
placed into a sealed container and allowed to stand overnight. This 
procedure produced a clear solution. Approximately 70-90 ml of 
petroleum ether2 was added dropwise to the ethylcellulose solution 
contained in a 1000-ml beaker, using a 100-ml pipet, until a persis- 
tent turbidity appeared. Five grams of dexametha~one~ was added 
and mixed well. The addition of the remainder of the petroleum 
ether was alternated between the addition of talc USP and ether in 
approximately three equal applications (a total of 400 ml of petro- 
leum ether and 110 g of talc was used). 


The coated particles were filtered in several small portions and 
washed several times with petroleum ether. The particles were 
separated and rack dried at room temperature. Microcrystals pro- 
duced by this method were calculated to contain between 3.0 and 
4.0% dexamethasone. Actually, 137 g of solids containing approxi- 
mately 3.7% dexamethasone was obtained by this method. Figure 1 
illustrates the type of particle obtained. 


Particle-Size Analysis-The particle-size distribution of the 
dried particles was determined4 with Nos. 60-, 80-, loo-, 200-, and 


1 Lightnin. 
Boiling range of 30-60”, Specialty Chemicals Division, Phillips Petrole- 


Micromilled, S. B. Penick and Co., New York, N.Y. 
Pulverit Classification Equipment type RB3020, Geoscience Instru- 


um Co., Bartlesville, Okla. 


ments Corp., Mount Vernon, N.Y. 
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Figure 1-Dexamethasone microcapsules (40 X). 


270-mesh sieves. The portions collected on each screen were re- 
tained for further study. Additional microcapsules were prepared 
and the particles were classified as indicated so that a sufficient 
amount of material was available for the studies. Approximately 
120 g of microcapsules was collected per batch and five batches 
were prepared. 


Determination of Dexamethasone in  Dexamethasone Mi- 
crocapsules-The amount of dexamethasone in the microcap- 
sules was determined by exposing the microcapsules to extracting 
fluids of varying pH. Simulated gastric fluid and intestinal fluid 
(7) were prepared without the inclusion of enzyme so as to obtain 
extracting fluids with pH values of 1.2, 2.5,4.5, 7.0, and 7.5. Other 
fluids of varying pH could also have been used. 


Two hundred and fifty milligrams of dexamethasone microcap- 
sules was placed into a 200-ml bottle, and 150 ml of pH 1.2 fluid 
was added to the bottle, previously warmed to 37'. The bottle was 
tightly capped and rotated in a rotating-bottle apparatus a t  28-30 
rpm for 1 hr a t  37 f l.Oo. The pH 1.2 extracting fluid was decanted 
from the bottle through a 325-mesh stainless steel screen while the 
residue was retained in the bottle. 


Residue collected on the screen was quantitatively returned to 
the original bottle with 150 ml of pH 2.5 extracting fluid, previous- 
ly warmed to 37'. The bottle was tightly capped, returned to the 
apparatus, and rotated. This procedure was repeated at  the end of 
2 hr using pH 4.5 fluid, a t  the end of 3.5 hr using pH 7.0 fluid, and 
at  the end of 5 hr using pH 7.5 fluid. After 7 hr of total rotation 
time, the pH 7.5 fluid was decanted from the bottle and the resi- 
due was retained for assay. 


Release Rate Procedure-About 50 mg of dexamethasone 
standard was accurately weighed and quantitatively transferred to 
a 500-ml separator, and about 160 ml of water was added. The 
sample and the residue were transferred to individual 500-ml sepa- 
rators. These three samples were extracted with five 50-ml por- 
tions of chloroform. The chloroform layers were placed into 250-ml 
volumetric flasks by being passed dropwise through chloroform- 
wetted anhydrous sodium sulfate into a filtering funnel and were 
brought to volume with chloroform. An aliquot of each solution 
was pipetted into a 50-ml centrifuge tube and evaporated to dry- 
ness. 


Assay of Samples-Twenty milliliters of ethanol was added to 
each tube, the solution was stirred for 5 min, and 2 ml each of blue 
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Figure 2-Rekase rate from dexamethasone microcapsules 
of varying sieve sizes. 


tetrazolium solution (14) and tetramethylammonium hydroxide 
solution (15) was added to each tube. The tubes were then allowed 
to stand for 90 min. A blank was prepared in a similar manner. 
The absorbances of the sample and standard were read against the 
blank a t  525 nm. The amount of dexamethasone was calculated as 
follows: 


s c  - X ~ X D.F. = mg dexamethasone released/g Sa 1000 (Eq. 1) 


where S = absorbance of .sample at 525 nm, Sa = absorbance of 
standard at  525 nm, C = concentration of standard in micrograms 
per milliliter, and D.F. = dilution factors. Furthermore: 


- X 100 = % dexamethasone released per time period 
€5 
Z Bi 


(Eq. 2 )  


where Bi = mg dexamethasone/g released during the ith time peri- 
od, and ZBi = cumulative amount released in milligrams per gram. 
These results are shown in Table I and Fig. 2. 


Direct Total Determination-Approximately 1 g of dexa- 
methasone microcapsules was ground and finely powdered. An 
amount equivalent to 4 mg of dexamethasone was accurately 
weighed and transferred to a 100-ml volumetric flask, and 70 ml of 
ethanol was added. The solution was shaken for 30 min and 
brought to volume with ethanol. A 15-ml aliquot from each flask 
was transferred to a 100-ml volumetric flask and brought to vol- 
ume with ethanol. The sample containing the No. 270 microcap- 
sules was not diluted. 


The standard was prepared by accurately weighing 50 mg of 
dexamethasone standard and dissolving it in enough ethanol to 
yield a total volume of 250 ml. A 3-ml aliquot was placed into a 
100-ml volumetric flask and brought to volume with ethanol. Five- 
milliliter aliquots of each sample and 20 ml of the standard solu- 
tion were pipetted into 50-ml centrifuge tubes. Each sample was 
then treated with the same reagents as previously indicated and 
the absorbance was determined as described under Assay of Sam- 
ples. The direct total of dexamethasone was determined as follows: 


s c 100 - X - X - X D.F. = mg dexamethasone/g (Eq. 3) 
Sa 1000 w 


where S = absorbance of sample a t  525 nm, Sa = absorbance of 
standard at  525 nm, C = concentration of standard in micro- 
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Table I-In Vitro Release Rate” and Direct Tota l  Determinations of Dexamethasone Microcapsules 


Sieve No. 80 Sieve No. 100 Sieve No. 200 Sieve No. 270 


Determination Determination Determination Determination 
Number Number Number Number 


Hours 1 2 1 2 1 2 1 2 


1 8 . 0  10 .o 24.6  25 . O  30.8 29.9 25.4 34.5 
3 16.4 18 .3  36 . O  39.8  40.5 45 .5  44.2 50 .9  - 
3 .5  
5 
7 
Residue 
Direct totalh, 


mg/g 


24 4 25 6 46 2 49.1 51 .7  53 .9  59.1 61 .2  - _ _  _- 
32.6 34.8 55 .1  56.6 60.5 61.6 70 .1  68 .4  
37.0 39.2 59 . O  61 .3  65 .2  66 . O  74.9 73 .7  
63.1 60 .8  40 .9  38.7 34.9 34 . O  25 .O 26.2  


45.3 45 .4  46 .7  41 .3  


a Cumulative weight percent dexamethasone released. Average of two determinations. 


Table 11-Formulations Prepared 
~~~ 


Formula Number 


Ingredients 1 2 3 4 5 6 


Percent (w/w) 
Dexamethasone microcapsules 12.5  12 .5  12 .5  12 .5  12 .5  12 .5  
Fumed silicaa - 0 . 5  0 . 5  0 . 5  0 . 5  0 . 5  
Oleyl alcohol - 
Isopropyl myristate - 


5 . O  
Talc USP 
Mineral oil USP 
Dichlorodifluoromethane NF-dichlorotetrafluoroethane N F  (40 : 60)” 87 .5  87 .0  82 .0  82 .0  82 . O  82.0  


- - - 5 . 0  - 
- 0 -  5 . 0  - - 


- 5 . 0  - - - - 
- - - - - 


a Cab-O-Si\ M-5, Cabot Corp., Boston, Mass. Propellant 121114. 


grams per milliliter, W = sample weight in grams, and D.F. = dilu- 
tion factors. These results are included in Table I. 


Determination of pH Profile 6f Dissolution Rate of No. 100 
Sieve Dexamethasone Microcapsules-The dissolution rate of 
the dexamethasone microcapsules, No. 100 sieve (149 pm), was de- 
termined as a function of pH. Two hundred and fifty milligrams of 
the dexamethasone microcapsules was exposed to pH 1.2, 2.5, 4.5, 
7.0, and 7.5 fluids. The fluid and the method used were as pre- 
viously described. Determinations were made at  1.0, 3.5, and 7.0 
hr. The decanted media, as well as the residues, were treated, di- 
luted, and assayed according to the procedures previously out- 
lined. The results are reported as cumulative percent dexametha- 
sone released at varying times and pH values (Fig. 3). 


Formulation of Aerosol Containing Dexamethasone Micro- 
capsules-Several formulations (Table 11) were prepared in aero- 


0 60 r u - fn 
W _I 


W 


W z 


a40 I 
I- W 


I a 
3 3 0  
n 
I- z 
W 


a 


rr 50 


s 


0,20 
W a 


3 z $ l o  v 


sol compatibility tubes calibrated in centimeters. The propellants 
were added by the pressure fill method, and the tube was inverted 
three times to disperse fully the suspended material. The dexa- 
methasone microcapsules had an approximate concentration of 40 
mg/g. The incorporation of 7.5 g/formulation was, therefore, equiv- 
alent to approximately 0.5% dexamethasonehube. 


The aerosols were prepared by mixing the dexamethasone mi- 
crocapsules with the other solids present in the formulation. The 
dispersing agent was then blended with the solids and added to the 
compatibility tube, which was sealed with an aerosol valve5. Di- 
chlorodifluoromethane-dichlorotetrafluoroethane (4060) was 
added by the pressure process, and the tubes were allowed to stand 
2-5 days and then evaluated. The sedimentation rate of each prep- 
aration was determined (Table 111). 


Evaluation of Aerosol Formulation-Based upon the results 
shown in Table 111, Formulation 4 was selected for further study. 
Six aerosol containers were prepared as previously outlined, except 
that the samples were prepared in tin-plated aerosol cans. The 
valve previously described was also used for this portion of the 
study. 


Approximately 60 g of product was placed into each container. 
The dip tubes were removed from the valves used on the samples 
for the assays to facilitate the removal of the propellant without 
discharging the microcapsules from the container. The samples 
were then evaluated for delivery rate, pressure, evacuation, and re- 
lease of active ingredient. 


Delivery Rate-The delivery rate was determined on two cans 
5 days after filling. The aerosol product was sprayed, weighed, and 
equilibrated to 25 f lo. The can was set into position under the 
delivery apparatus (16). The actuator was set to deliver product 
for 10 sec, and then the can was cleaned and reweighed. Three de- 
terminations per container were made. The average of these read- 
ings produced a delivery rate of 1.75 g/sec. 


Pressure Testing-The vapor pressure was determined on the 
two cans used for the delivery rate. The aerosol can was placed 
into a water bath at  21 f lo, and a gauge was prepressurized with 


- 
3 
0 I I I I I I I 


0 1 2 3 4 5 6 7 Precision Valve Co., Yonkers, N.Y.; 5.08 X 0.05-cm (2 X 0.020-in.) ori- 
fice, radius core (nylon) stem, Buna N (regular durometer) gasket, type 302 
stainless steel spring, 0.2-cm (0.08-in.) nylon body, flat dimpled tin plate, 


Figure 3-Dissohtion O f  dexamethasone micmcaPsuk epon-coated mounting cup, standard dip tube, and 0.05-cm (0.02-in.) actua- 
sieve No. 100 material, at different pH values. tor. 
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Table 111-Sedimentation R a t e  of Aerosol Formulations 


For- 
mula Height of Height of Total  ~ 


Num- Supernate at Sediment Height at C - B 
ber Ts0 cm at T2 hr, cm T2 tLr, cm looa, % 


* X  


1 1 . 4  1 . 6  3 . 1  9 3 . 3  
2 0 . 5  2 .o 3 . 1  45 .5  
4 0 . 4 5  2 .o 3 . 5  3 0 . 0  
5 0 . 5  2 .o 2 . 9  5 5 . 6  
6 1 . 1  2 .o  3 . 5  7 3 . 3  


a Ratio, in terms of percentage, of supernatant height a t  T = 30 sec to 
supernatant height a t  T = 2 hr. * Coagulation occurred with Formulation 3 
and it  was deleted from the study. 


Table IV-Assay of Dexamethasone Microcapsules 
from an Aerosol 


Cumulative Percent 


Hours 
Determination 


Number 
1 2 Control 


1 3 6 . 4  3 1 . 5  3 4 . 5  
2 5 6 . 2  4 9 . 1  5 0 . 9  
3 . 5  7 1 . 4  6 5 . 6  6 1 . 2  
5 7 8 . 7  7 6 . 1  6 8 . 4  
7 8 4 . 1  8 4 . 0  7 3 . 7  
Residue 1 5 . 8  1 5 . 9  26 .2  
Direct total, mg/g 39 .6a 4 1 . 3  


Average of two determinations. 


nitrogen. The pressure was then obtained with the use of the 
prepressurized gauge (17), and the average of two determinations 
on each can was 49 psig. 


Evacuation Testing-Two containers, 5 days after prepara- 
tion, were weighed and completely evacuated over a 24-hr period. 
Each can was reweighed, and the loss was determined by differ- 
ence. This value was 57.7 g, representing the average for the two 
cans. 


Analytical Testing-An assay was performed on two contain- 
ers, 48 hr after preparation, and the result was compared to a con- 
trol representing the analysis of the initial dexamethasone micro- 
capsules, No. 270 sieve material, from which the aerosol products 
were originally prepared (Table IV). 
In Vivo Evaluation of Aerosol-To ascertain the release of the 


active ingredient from the encapsulated material sprayed from the 
aerosol container, five male New Zealand rabbits, approximately 4 
months old, were fed rabbit pellets6 and were allowed water ad lib- 
itum. They were placed in separate cages placed a t  an angle to 
allow the urine to flow into vessels suspended at the lower end of 
the cages. The urine passed through a fiberglass filter before flow- 
ing into the vessels. 


The backs of the animals were shaved and the necks were col- 
lared7. The aerosol product was sprayed onto their backs at  a dis- 
tance of approximately 20.3 cm (8 in.), and the test areas were then 
occluded by wrappings. The urine volume was recorded, and the 
samples were frozen for subsequent assay. 


Three aerosol preparations were used: (a) a placebo container in 
which the inactive ingredients were mixed together and then pres- 
surized, (b) a container in which the drug and the inactive ingredi- 
ents were admixed, and (c) the delayed drug release microcapsules, 
No. 270 sieve, in an aerosol can. This phase of the study was car- 
ried out as follows: 


1. A control urine sample was collected from each of the five 
rabbits after 24 and 48 hr. The placebo container was then sprayed 
for 2 sec. Urine samples were collected after 24 and 48 hr and as- 
sayed (Table V). 


2. Two days after the last collection, the container with the non- 


6 Kalston Purina Co., St. Louis, Mo. 


BSaran Wrap, Dow Chemical Co., Midland, Mich. 
Medicollar, EVSCO Pharmaceutical Corp., Oceanside, N.Y. 
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Figure 4-Mean 17-hydroxycorlicosiemid levels in rabbit 
urine. 


delayed preparation was sprayed for 2 sec onto each of the five 
rabbits. Urine samples were collected after 24, 48, and 72 hr and 
assayed (Table VI). 


3. Seven days after the last collection of the nondelayed prepa- 
ration, urine samples were collected from each rabbit to determine 
if a return to the mean placebo value had occurred (Table VI). 


4. After the urine collection in Step 3, the timed-release product 
was sprayed for 2 sec onto each of the five rabbits. Urine samples 
were collected after 24,48, and 72 hr and assayed as previously de- 
scribed (Table VII). The data were then treated statistically 
(Table VIII). 


DISCUSSION 


A photograph, a t  40X magnification, taken with reflected light 
(Fig. 1). identifies the microcapsules formed in this process as ir- 
regular-shaped particles containing a wall of polymer film. This 
shape is typical of microcapsules produced by this method. While 
it is desirable to have uniform particles, the results shown in Table 
I indicate the range of particles produced by this method. Usable 
microcapsules chosen for this study were those retained on Nos. 
80-, loo-, 200-, and 270-mesh sieves, although the larger sized par- 
ticles would tend to settle faster and may cause valve clogging. In 
most cases, particles 60 pm and less in diameter tend to present a 
minimum amount of valve clogging problems when formulated as 
an aerosol. 


The selection of the most suitable method for the preparation of 
the dexamethasone microcapsules was performed experimentally. 
The major problem encountered was related to capsule wall ag- 
glomeration. Ethylcellulose, when wet, produced a sticky material 
which appeared to enhance agglomeration. Once the solvent evap- 
orated from the agglomerated material, i t  was impossible to bring 
about separation. The use of a mineral silicate, talc (ll), mini- 
mized but did not eliminate this problem. However, by repeated 
washings with petroleum ether, this problem was reduced to a 
minimum. 


The values for the in vitro release rate and direct total determi- 
nations are shown in Table I. The results indicate that some mea- 
sure of timed release appeared in all four sieve samples tested ac- 
cording to the methods noted. As can be seen from Fig. 2, as the 
particle size of the microcapsule was decreased, the release rate in- 
creased; after 7 hr, approximately 74% of the dexamethasone con- 
tained in the material on the No. 270-mesh screen was released 
while only about 38% of dexamethasone was released from the No. 
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Table V-17-Hydroxycorticosteroid Levels in Rabbit Urine (Control and Placebo) 
~ 


Control 


48-hr Sample 
~~~~~ 


24-hr Sample 


Urine Urine 
Rab- Vol- Concen- Vol- Concen- 


bit ume/ Concen- tration/ ume/ Concen- tration/ 
Num- 24 hr, tration/ 24 hr, 24 hr, tration/ 24 hr, 


ber ml ml, pg mg ml ml, rg mg 


~~~ 


Placebo 


24-hr Sample 48-hr Sample 


Urine Urine 
Vol- Concen- Vol- Concen- 
ume/ Concen- trationl ume/ Concen- tration/ 
24 hr, tration/ 24 hr, 24 hr, tration/ 24 hr, 


ml ml, rg  mg ml ml, pg mg 


- 


-~ _ _ _ ~  ~~ 


1 192 1 94 0 373 162 2.01 0.326 274 1 .66  0.455 105 3.28 0 344 - . . -  _ _  - _  - ~ . - - _.- . -. ~ ~. ~~~ ~~ ~ 


2 222 1.44 0.320 240 2.07 0.497 242 2.04 0.494 252 i .32  0.333 
3 65 2.99 0.194 110 2.19 0 ,241  82 4 .35  0.357 76 4.44 0.337 
4 122 3.06 0.373 85 3.85 0,327 75 4.29 0.322 60 4.13 0.248 
5 130 2.70 0.351 42 4.19 0.176 70 4.14 0.290 94 3.49 0.328 


Table VI-17-Hydroxycorticosteroid Levels in Rabbit Urine after Treatment with Dexamethasone Aerosol Admixture 


24-hr Sample 48-hr Sample 
24-hr Control (7 Days 


72-hr Sample after 72-hr Sample) - .  - 


Urine Urine Urine Urine 
Rab- Vol- Concen- Vol- Concen- Vol- Concen- Vol- Concen- 
bit ume/ Concen- tration/ ume/ Concen- tration/ ume/ Concen- tration/ ume/ Concen- tration/ 
Num- 24 hr, tration/ 24 hr, 24 hr, tration/ 24 hr, 24 hr, tration/ 24 hr, 24 hr, tration/ 24 hr, 


ber mi ml, pg mg ml ml, r g  mg ml ml, pg mg ml ml, pg mg 


1 216 1 .71  0.369 133 2.70 0.359 200 1.44 0.288 240 1 .39  0.334 
2 418 1-88 0.786 285 1 .30  0.371 340 1 - 1 6  0.394 266 1.80 0.479 - ~ ~~ _ _  - - _  - . . ~. -. . 


3 150 4.52 0.678 93  3.73 0.347 104 3.11 0.323 142 2.08 0.295 
4 126 4.16 0.524 142 2.67 0.379 158 2.21 0.349 174 2.11 0.367 
5 156 3.02 0.471 87 3.48 0.303 82 4 .57  0.375 80 4.18 0.334 


80-mesh sieve. The fact that this pattern of release of steroid was 
obtained is not surprising, since the release would be expected to 
be dependent upon particle size. It is also possible that some poly- 
mer wall material may have been ruptured during the separation 
process, resulting in a premature release. 


Assays were performed on the four sieve sizes selected using the 
rotating-bottle apparatus and method desribed. There appears to 
be good reproducibility between the assays performed, although 
variations in the in oitro release rate between the different parti- 
cle-size fractions were noted. The proximity of values in the direct 
total determinations for all four sieve sizes indicates a measure of 
uniformity in the different samples. Therefore, since the amount 
of drug content is approximately the same, the variation in release 
rate appears to be related to variations in the polymer wall deposi- 
tion. 


The data shown in Fig. 3 indicate that there is essentially no dif- 
ference in the dissolution rate of dexamethasone microcapsules at 
various pH values. Dexamethasone dissolution from these micro- 
capsules apparently is pH independent under the conditions stud- 
ied. In light of the apparent pH independency of the microcap- 
sules, there should be essentially no difficulty in using the NF (7) 
oral release rate method to characterize microcapsules for topical 
use from a pH point of view. Since the pH of skin is approximately 
4-6 and the study was carried out in this and other pH ranges, 
these results should be applicable for a topical preparation. 


Of the various dispersing agents studied, a combination of 
fumed silica and isopropyl myristate seemed to be the most useful 


(Table 111). It was necessary to provide a formulation that would 
have good suspending characteristics to obtain a uniform delivery 
of the drug from the system. In addition, no evidence of valve clog- 
ging or leakage was noted. 


To determine whether there would be any adverse effect on the 
in vitro delayed release of the drug from the microcapsules when 
packaged in the aerosol containers, a sample of the microcapsules 
from the aerosol was assayed. These results (Table IV), when com- 
pared against the initial results for the No. 270-mesh material, in- 
dicated that there was relatively little, if any, effect upon the de- 
layed release of the drug. Evidently the coating produced by this 
technique is not destroyed or damaged in the presence of the pro- 
pellant and the dispersing agents studied. 


Seven days was considered an adequate interval to allow for full 
excretion of the drug from the time the admixture and microcap- 
sule preparations were applied. As can be seen from Tables V, VI, 
and VIII, the concentrations of 17-hydroxycorticosteroid in 24 hr 
for the control and the control taken 7 days after the 72-hr ad- 
mixture was applied were not significantly different ( p  > 0.3). 


Tables VI and VII provide the values for the urine volume, 17- 
hydroxycorticosteroid concentration per milliliter of urine, and 
total 17-hydroxycorticosteroid levels found in the 24-hr periods 
when spraying immediate release and timed-release material. Fig- 
ure 4 shows the difference obtained when plotting mean value ver- 
sus time. The high 17-hydroxycorticosteroid level in animals treat- 
ed with the admixture may be attributed to both an immediate 
suppression of the endogenous steroid and the “spilling over” of 


Table VII-17-Hydroxycorticosteroid Levels in Rabbit Urine after Treatment with Dexamethasone 
Aerosol Microcapsules 


24-hr Sample 


Urine Concentra- 
Rabbit Volume/ Concentra- tion/24 hr, 


Number 24 hr, ml tion/ml, pg ml 


1 222 1.48 0.329 
2 370 1.69 0.625 
3 158 2.06 0.326 
4 159 1 .85  0.294 
5 60 4.98 0.299 


48-hr Sample 


Urine Concen- Concentra- 
Volume/ tration/ tion/24 hr, 
24 hr, ml ml, pg mg 


182 1 .98  0.360 
300 1 .03  0.309 
160 2.05 0.328 
126 2.81 0.354 
56 3.39 0.190 


Urine 
Volume/ 
24 hr, ml 


202 
312 
120 
103 
90 


72-hr Sample 


Concentra- 
Concentra- tration/24 
tion/ml, pg hr, mg 


0.92 0.186 
0 .51  0.159 
3.04 0.365 
1.37 0 .141  
3.42 0.308 
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Table VIII-Levels of Significance of 17-Hydroxycorticosteroid in Rabbi t  Urine Samples 


Samples Compared 
(Paired Data)  


17-Hydroxycorticosteroid Levels Mean f Standard Error  ~- ~ 


of Mean t P 


24-hr Control and 
24-hr Placebo 
48-hr Control and 
48-hr Placebo 
24-hr Placebo and 
24-hr Admixture 
48-hr Placebo and  
48-hr Admixture 
24-hr Placebo and  
24-hr Dexamethasone microcapsules 
48-hr Placebo and  
48-hr Dexamethasone microcapsules 
24-hr Dexamethasone admixture and 
24-hr Dexamethasone microcapsules 
48-hr Dexamethasone admixture and 
48-hr Dexamethasone microcapsules 
72-hr Dexamethasone admixture and  
72-hr Dexamethasone microcapsules 
24-hr Control and  
24-hr Control (7 davs after 72-hr 


1 .212 > O  .25 0.322 f 0.035 
0.384 f 0.039 
0.313 f 0.054 
0.318 d= 0.018 
0.384 f 0.039 
0.566 f 0.074 


0.081 


2.536 


>o . 9  


> O  .05 


1.280 > O  .25 0 .318  f 0.018 
0.352 f 0.013 
0.384 f 0.039 
0.375 f 0.063 
0.318 f 0.018 
0.308 f 0.031 
0.566 f 0.074 
0.375 f 0.063 
0.352 f 0.013 
0.308 f 0.031 


0 .213  > O  .8 


0.248 > O  .8 


3.772 >o  .02 


2 .171  >0 .1  


2.284 0 .346  f 0.019 
0.232 f 0.044 


1.035 0.322 f 0.035 
0.362 f 0.031 


> 0 . 1  


> 0 . 3  
admixture collection) 


excess dexamethasone, with a subsequent rapid increase in the 
17-hydroxycorticosteroid content in the urine, hence the signifi- 
cant increase from the placebo as noted in Fig. 4. 


However, a difference is seen in release and absorption between 
the dexamethasone admixture and microcapsules (Fig. 4). The 
values for the microcapsules for Days I and 2 are approximately 
equal to the control and placebo values, indicating that there is a 
delay in the release of dexamethasone. Not until Day 3 is a differ- 
ence noted as indicated by the suppression of the 17-hydroxycorti- 
costeroid content. 


To treat the results statistically, the results were evaluated as 
paired data (Table VIII). While the general level of biological sig- 
nificance is 0.05 (95% confidence level) or less, it is believed that, 
with the number of experiments conducted in this evaluaton, any 
value less than 0.1 (90% confidence level) could be of possible sig- 
nificance. 


From Table VIII the p values for the 24-hr control and placebo 
are not significantly different, indicating that the handling and 
treatment of the animals with the placebo had no effect upon the 
17-hydroxycorticosteroid content of the urine. 


The p values for the 24-hr placebo and dexamethasone ad- 
mixture show significant variation, attributed to the effect of the 
immediate release material. The values for the 48-hr placebo and 
admixture are not significant, indicating the return to the norm. 
The p values for the 24-hr placebo and dexamethasone microcap- 
sules show no significant variation which can be attributed to the 
prevention of the absorption of the dexamethasone from the mi- 
crocapsules. The p values for the 24-, 48-, and 72-hr dexametha- 
sone admixture and microcapsules show significant differences at  
the 90% confidence levels. 


CONCLUSIONS 


On the basis of the obtained results, the following may be con- 
cluded: 


1. An aerosol preparation containing a microencapsulated drug 
can be prepared. Dexamethasone microcapsules, prepared by the 
phase separation technique using an ethylcellulose film, exhibit 
timed release in a pH range of 1.2-7.5 and the release appears to be 
pH independent. 


2. The phase separation technique produces microcapsules with 
a suitable size distribution for dispensing as an aerosol dosage 
form. Those particles in the range of about 50 jtm in diameter are 
most desirable for this application. 


3. A formulation consisting of dexamethasone microcapsules (53 
pm in diameter) together with suitable dispersing agents and pro- 
pellants can be dispensed without rapid sedimentation and valve 
clogging. 


4. A statistically significant reduction in the urinary level of 
17-hydroxycorticosteroids in rabbits can be obtained from a 
timed-release dexamethasone aerosol when sprayed topically and 
compared to a dexamethasone preparation in which the ingredi- 
ents are simply admixed. 


5. No release of dexamethasone from the microcapsules was ob- 
tained over 24-48 hr, but reduction in the 17-hydroxycorticoste- 
roid level (indicating absorption of dexamethasone) was noted 
over 72 hr. The use of higher concentrations of dexamethasone ini- 
tially in the microcapsules could possibly have shown a more sig- 
nificant effect. 
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Abstracted in part from a dissertation submitted by W. Fein- 


Effect of Flavoring Oils on Preservative 
Concentrations in Oral Liquid Dosage Forms 


PRAMOD B. CHEMBURKAR and ROBERT S. JOSLIN * 


Abstract The partitioning of methyl-, ethyl-, propyl-, and 
butylparabens into flavoring oils from aqueous systems was stud- 
ied. The partitioning is dependent on the concentration of the fla- 
voring oil, the pH of the aqueous medium, and the nature and con- 
centration of additives to the aqueous medium. 


Keyphrases 0 Flavoring oils-effect on preservative concentra- 
tions in oral liquid dosage forms, partitioning of parabens 0 Pre- 
servatives-effect of flavoring oils on concentrations in oral liquid 
dosage forms, partitioning of parabens 0 Parabens-partitioning 
from aqueous systems, effect of flavoring oils on concentrations in 
oral liquid dosage forms 0 Interactions-parabens-flavoring 
agents in aqueous medium, effect on preservative concentrations, 
oral liquid dosage forms 


Although the search for effective preservatives 
continues unabated, esters of p-hydroxybenzoic acid 
are still the most frequently used preservatives in 
oral pharmaceutical preparations. Several recent ar- 
ticles discussed the conditions in which various pre- 
servatives are effective and various conditions or 
agents that reduced or destroyed their effectiveness 
(1-3). 


The effect of partitioning on the antimicrobial ac- 
tivity of preservatives was discussed (4). In a mixed 
system containing an oil phase, emulsified or as a 
separate layer, the concentration of antimicrobial 
agent required was higher than that in a completely 
aqueous system (5 ) .  Higher concentrations of preser- 
vatives are required to compensate for the quantities 
made unavailable for antimicrobial action due to ad- 
sorption, binding, or solubilization by nonionic sur- 
factants or partitioning into a nonaqueous phase (6- 
11). 


The theory behind partitioning of a preservative in 
an oil-water system was discussed (12). Several re- 
ports (7,8,10, 13) also described the partitioning of a 
preservative between two phases and the equilibria 
involved in partitioning and binding of a preservative 
to surfactants. Pate1 and Romanowski (12) further 
showed microbiologically the partitioning and bind- 
ing effect of the oils and the surfactants on the pre- 
servatives. It has been noted that creams and emul- 
sions are more difficult to preserve than aqueous so- 
lutions (14-18). The significant part played by parti- 


tioning of the preservatives between aqueous and 
nonaqueous phases, allowing availability of only a 
portion of the total quantity of the preservatives in 
the aqueous phase where contaminants normally 
multiply, has been stressed (19-22). 


Flavoring agents are used in most oral liquid phar- 
maceutical preparations. These flavoring agents are 
composed of aromatic oils, natural or synthetic, and 
other ingredients to make them compatible with 
aqueous systems. 


Preliminary observations in this laboratory showed 
that the solubility of parabens in these flavoring 
agents was extremely high. Since parabens are used 
in low concentrations, their high solubility in fla- 
voring agents may cause depletion of the preserva- 
tives from the aqueous phase, with a consequent re- 
duction in overall preservative activity. The purpose 
of this paper is to report the interaction between par- 
abens and flavoring agents in an aqueous medium. 


EXPERIMENTAL 


General Parti t ioning Study-A 0.15% solution of methylpara- 
ben was prepared in a buffer solution of specified pH. Fifty-millili- 
ter aliquots of the solution were transferred to 125-ml erlenmeyer 
flasks, and 0.5 ml of flavoring oil (1% of the total volume) was 
added to each flask. Respective blanks were also prepared contain- 
ing flavoring oil but no methylparaben in the buffer solutions. The 
flasks were mounted on a wrist shaker’ and shaken for 12 hr. The 
insoluble oily component in the mixture was then separated by a 
combination of centrifugation and column filtration technique. 


The mixture was centrifuged a t  10,000 rpm, corresponding to 
approximately 12,000 rcf. in a high-speed analytical centrifuge2 for 
about 30 min. After centrifugation, the aqueous layer was sepa- 
rated from the floating oily layer using a Pasteur pipet. Aqueous 
layers from different tubes corresponding to one sample were 
pooled. This aqueous portion was then passed through an acid- 
washed kieselguhr column. The columns were prepared as follows. 


A 10-ml disposable plastic syringe was plugged with a wad of 
glass wool of about 10-mmconstant thickness. Two grams of acid- 
washed dry kieselguhr was weighed into the syringe. The column 
was lightly tapped down to a 35-mm column height, corresponding 
to the 6-ml mark on the plastic syringe, and the mixture was 
passed through the column. The first 5 ml of the effluent was re- 


Burrell. 
I.E.C. international centrifuge model H - T  rcf. = reciprocal centrifugal 


force. 
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BOOKS 


REVIEWS 


International Aspects of Drug Evaluation a n d  Usage. Edited 
by A. J. JOUHAR and M. F. GRAYSON. Longman Inc., 72 
Fifth Ave., New York, NY 10011, 1973.374 pp. 14 x 23 cm. Price 
$21.00. 
The book records the proceedings of the International Meeting 


of Medical Advisors in the Pharmaceutical Industry held April 
17-20, 1972 in London. The meeting was conceived as an attempt 
to assess the current state of‘ the evaluation of drugs around the 
world. The major contributors to the book were medically quali- 
fied people working in the pharmaceutical industry. Because of the 
broad spectrum of contributors, the book is worthwhile reading for 
anyone involved in drug development in the pharmaceutical indus- 
try. Due to the international nature of the symposium, much of the 
material concerning, directly or indirectly, the regulatory aspect of 
drug development is not entirely applicable to  requirements in the 
United States. The book does provide, however, oia its interna- 
tional contributors, an interesting overview of the data required by 
drug regulatory agencies outside the United States. The book’s 
most useful aspect is its exchange of experiences in drug develop- 
ment by people intimately involved in the work on a world-wide 
basis. I t  is always useful and consoling, if not profoundly informa- 
tive, to be made aware of the approaches and frustrations of others 
involved in drug evaluation and development. The many chapters 
in this vein are quite useful in confirming one’s approach to drug 
development, and in demonstrating that one’s unanswered ques- 
tions are also unanswered questions by others working in the same 
area. 


One particularly noteworthy chapter is by C. Maxwell. Maxwell 
provides some extremely worthwhile comments and philosophy in 
his opinion and overview on the preclinical screening of new drugs, 
the proper philosophy for the clinical testing of drugs, and the use 
of statistics in clinical efficacy decision making. 


Overall, the book outlines a very practical, realistic approach to 
drug testing and clinical evaluation. “International Aspects of 
Drug Evaluation and Usage” is, therefore, recommended reading 
by anyone involved in the clinical testing and/or supervision of 
clinical testing of new drugs. 


Reviewed by William A. Cressman 
McNeil Laboratories, Inc. 
Fort Washington, PA 19034 


USAN 10 a n d  the USP Dictionary of Drug  Names, 1974 Sup- 
plement. Published for the USAN Council by the U.S. Pharma- 
copeial Convention, Inc., Rockville, MD 20852, 1974. vi + 100 
pp. 21 X 28 cm. Price $4.75. 
This recently published Supplement contains 5747 entries in- 


cluding all entries from the 1973 Supplement. Seventy-three new 
USAN names are incorporated into this Supplement and 125 new 
code designations are included. The USAN books also provide in- 
formation on USP and NF official names, FDA established names, 
and brand names, abbreviations, and trivial names. 


The USAN publications are a most important aspect of the ef- 
fort to bring uniformity to the area of drug nomenclature. As such 
they should be available to and utilized by all persons involved 
with pharmaceuticals. 


Staf f  Reuiew 


Everything You Wanted To Know About Drug  Abuse.. . But 
Were Afraid To Ask. By C. L. WINPK. Dekker, New York, NY 
10016, 1974. 213 pp. 15.5 X 23.6 cm. Price $12.75. 
The material in this book is presented in an easy to read form of 


questions and answers and is divided into 14 sections generally by 
category of abused drug. 


The book is based on the author’s experience in dealing with the 
drug problem on a daily basis over the past 6 years. The material is 
based on real experiences obtained during the author’s various ac- 
tivities concerned with the drug problem including investigating 
drug-related deaths and conducting toxicological analyses. 


The questions included in this book are those put to the author 
during various speaking engagements and seminars by students, 
teachers, and various health-care professionals. 


Staff Review 
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DRUG QUALITY POTENTIAL 
PROBLEMS VERSUS ACTUAL EXPERIENCE 


Scientists frequently are chagrined by the fact that the lay public will view 
technical subjects in a simplistic manner. For example, it is often mid that 
the lay-person rarely understands or comprehends the fact that no drug is 
completely and absolutely “safe.” In other words, the concept of benefit-to- 
risk, which ultimately applies in the case of every drug, appears to be a bit 
beyond general public comprehension. 


However, those trained in the pharmaceutical and medical sciences- 
whether they be scientists or practitioners-should have sufficient knowl- 
edge and sophistication that they can be expected to recognize and under- 
stand such distinctions. Unfortunately, for some reason this is not always the 
case. 


Specifically, over the years, APhA and Association officials have frequent- 
ly pointed out that drug products must be formulated with care, that princi- 
ples of good manufacturing practice must be followed, that specifications 
and standards must be adopted, and that drug marketing and distribution 
must be controlled and monitored. Moreover, APhA has taken the position 
that the absence of any of these vital components would give rise to serious 
questions about the suitability of the resultant drug products. 


Subsequently, these APhA statements a t  times have been cited by various 
outside sources to support their claim or conclusion that the drug supply is 
of uncertain quality and that there is ample reason to be concerned about 
the safety and effectiveness of a very substantial portion of drugs on the 
market. 


In turn, APhA has been surprised by such faulty reasoning and has been 
annoyed when efforts of this type are made to misconstrue the Association’s 
position. Indeed, people who certainly should know better have alleged that, 
when APhA states that problems of therapeutic equivalence are of a very 
limited magnitude, the Association is “changing its position” or “reversing 
itself.” These people appear to believe that the statements concerning (a) 
the potential for drug quality problems, the need for care in drug manufac- 
turing, and the surveillance of products entering the market, and (b) the 
general low level of therapeutic inequivalence somehow are mutually con- 
tradictory positions. But such is not the case. 


Simply stated, APhA has clearly recognized that drug products must be 
produced with appropriate care if they are to perform at the level of potency, 
safety, and uniformity expected of them; but at the same time, it is APhA’s 
assessment that the comprehensive system of laws, regulations, programs, 
and other elements in the drug production, marketing, and surveillance net- 
work results in a very high level of drug quality experience. The net effect of 
this is that problems in general, and of therapeutic equivalency in particular, 
are rarely encountered. 


But APhA also recognizes that our generally favorable experience to date 
is directly based upon the effective functioning of the overall drug regulatory 
system. And future success will be dependent upon continued functioning at 
the same level a t  least. For this reason, the Association maintains a close 
watch on the system itself, as well as on proposals to change or modify it. If it  
is felt that any such proposed change could have the effect of weakening this 
system, the Association has not hesitated to voice its concern. 


On this basis-and again at  some risk of being misunderstood or misinter- 
preted-APhA presented its concern most recently before the HEW Review 
Panel on New Drug Regulation this past May. In particular, the Associa- 
tion’s comments were intended to ensure that no gap would be permitted to 
develop between the time that the abbreviated NDA system might be re- 
laxed and the time that the so-called “old drug monograph” system is insti- 
tuted and becomes effective. In short, APhA believes our present drug 
supply is of good quality, and we intend to do all that we can to see that it 
stays that way! 








(10)  N. Daabis and F. El-Khawas, Pharmazie, 24,684(1969). 
(11)  Y. Kunio and Y. Matsuoka, Biochem. Z., 328.138(1956). 
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Synthesis and Evaluation of Antitumor Activity of 
1 -[N, N -  Bis (2 -chloroethyl) sulfamoylphenyl]-3,3 -dial kyltriazenes 


I. LALEZAR1"and F. AFGHAHI 


Abstract 0 Twenty-two l-p-sulfamoylphenyl-3,3-dialkyltri- 
azenes, l-p-dialkylsulfamoylphenyl-3,3-dialkyltriazenes, and l - p -  
[N,N ~ his(:! - chloroethy1)sulfamoylphenylj - 3,3 - dialkyltriazenes 
were synthesized from their corresponding amines. Six of the com- 
pounds tested were devoid of antitumor activity. 


Keyphrases Triazene derivatives-synthesis of 22 l-p-sulfa- 
moylphenyl-, 1-p-dialkylsulfamoylphenyl-, and l-p-[N,N-bis(S- 
chloroethyl)sulfamoylphenyl]-substituted 3,3-dialkyltriazenes, six 
compounds screened for antitumor activity Sulfamoylphenyl- 
triazenes-synthesis of 22 derivatives, six screened for antitumor 
activity 0 Antitumor activity-six of 22 synthesized sulfamoyl- 
phenyltriazenes screened 


A number of 5-triazenoimidazoles with pro- 
nounced activity against experimental tumors were 
synthesized previously (1, 2). 5-(3,3-Dimethyl-l-tri- 
azeno)imidazole-4-carboxamide, in particular, is clin- 
ically useful for the induction of temporary remission 
in malignant melanoma (3). Some derivatives of 
phenyltriazenes have exhibited antitumor activity (4, 
5), and some derivatives of N1,N1- bis(2-chloroethy1)- 
sulfanilamide were also found to be active against ex- 
perimental tumors (6). Several p-sulfonyl- and p-sul- 
famoylcarbanilic acid esters were found to be inactive 
in mouse lymphoid leukemia (7,8). 


To extend these observations, it was decided to 
prepare compounds having p-sulfamoylphenyl, p -  
dialkylsulfamoylphenyl, and bis(2-chloroethy1)sul- 
famoylphenyl groups and the triazeno moiety in their 
molecules. Sulfanilamide, N1,N1-dialkylsulfanilam- 
ide, and N1,N1-bis(2-chloroethyl)sulfanilamide were 
readily converted to the desired triazeno derivatives 
by treating the appropriate diazotized amines with 
the secondary amines in sodium carbonate solution 
(Scheme I). All prepared compounds are summarized 
in Table I. 


Compounds VIa, IIb, Vb,  Ic, IIIc, and Vc were 
tested in uiuo for antitumor activity against mouse 
lymphoid leukemia L-1210, resulting in a T/C per- 
cent of 120 or less a t  400 mg/kg (increase in survival 
of treated animals). 


EXPERIMENTAL' 


1 [N,N - Bid2 - chloroethyl)sulfamoylphenyl] 3,3 - pentameth- 
ylenetriazene (IVc) was obtained from 2.97 g (0.01 mole) of 
N1,N1-bis(2-chloroethyl)sulfanilamide prepared according to 
Brintzinger et  al. (9). The sulfanilamide derivative was added to a 
mixture of 25 g of crushed ice and 3.5 ml of concentrated hydro- 
chloric acid with vigorous stirring a t  0-5'. Diazotization was 
achieved by the slow addition, accompanied by thorough agitation, 
of sodium nitrite [0.7 g (0.01 mole) dissolved in 5 ml of water]. 
After standing a t  0-5O for 20 min, the solution was filtered rapidly 


p-R,NSO,C,H,NH, -+ 


p-RlNSO,C,H, N,C1 - p-bNSO,C,H.,N= N- N R' 2 


la: R = H, R = CH,, 
110: R = H. R = C,H, 


1110: R = H. R' = C,H, 
IVU: R = H. R = -(CH,),- 
Vtr: R = H. R = -(CH,)-, - 


VIn: R = H. R = -CH,CH20CH,('HI - 
VIIa: R = H. R = -CH,CHICH(CH,~)CHICHL- 


VIIICJ: R = H. R = <H,CH,N(CH,)CH,CH:- 
Ih: R = C H , . R = C H ,  


Ilh: R = C H , . R = C , H ,  
IIIh: R = C H ; ,  R =-(CHI),- 
IVh: R = C H ; .  R=-(CHI);- 
Vh: R = CH (. R = -CH,CH,0CH2CH,- 


VIh: R = C'H;. R =-CHICHICH(CH,)C'HIC'H,- 
L'llh: R = CH ,. R = -CH&'HJ(CH :)CH?('H,- 


Ic: R = CICHLCH, R = CH,, 
Ilc: R = CICH,CHI, R = CIH-, 


111~: R = CICHlCH, R' = -(CH2),- 
IVC: R =CICH,CHI. H' = -(CH2)5- 
VC: R = CICH,CH,, R = -CHJCH20CHlCHI- 


V ~ C :  R = CICH,CH,, R' = -CH?CH,CH(CHJCH!CH,- 
VIIC: R = ClCH,CH,, R = -CHICH,N(CH,)CHZCH,- 


Scheme 1 


' Melting points were measured on a Kofler hot-stage microscope and are 
uncorrected. The IR spectra were recorded on a Leitz model 111 spectro- 
graph. NMR spectra were taken on a Varian A60A instrument. Mass spectra 
were recorded on a Varian Mat 11 1 spectrograph. UV spectra were obtained 
using a Varian-Techtron 635 recording instrument. All compounds were 
subjected to IR, NMR, and mass spectroscopy, and the results were as ex- 
pected. 
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Table I-1-p-Sulfamoylphenyl- a n d  l-p-Dialkylsulfamoylphenyl-3,3-dialkyltriazenes 


Analysis, 70 Me1 t in  7 __ ~ 


Compound Po in t  Yield, % Formula Calc. Found 


Ia 


IIa 


I I I U  


IVa 


V a  


V I a  


V I I a  


VIIIU 


Ib 


I I b  


IIIb 


IVb 


Vb 


VIb 


VIIb 


Ic  


I Ic  


I I I C  


IVc 


v c  


VIC 


VIIC 


178-182' 


128O 


118-1 20 ' 
206-210 O 


150-154" 


169-173 O 


198-200° 


200-202 ' 
118-120" 


104-107 O 


167-170' 


135-138 O 


143-146' 


135-1 36 ' 
133-136' 


100-102' 


63-64 O 


150-152" 


101-103° 


117-1 18 


108-110" 


110-114° 


58 


63 


49 


68 


75 


69 


48 


56 


63 


66 


78 


81 


73 


59 


48 


57 


53 


64 


72 


83 


56 


63 


C 4 2 . 1 1  
H 5 . 2 6  
C 46 .88  
H 6 25 
C 50 .70  
H 7 . 0 4  
C 47.24  
H 5.51 
C 49 .25  
H 5.97 c 44.44  
H 5.19 
C 51.06 
H 6.38 
C 46.64 
H 6 . 0 1  
C 46.88 
H 6 . 2 5  
C 50.70 
H 7 . 0 4  
C 51.06 
H 6 . 3 8  
C 52.70 
H 6 . 7 6  


42 18 
5 31 


46 95 
6 17 


50 61 
6 92 


47 14 
5 52 


49 37 
6 06 


44 63  
5 12  


51 17 
6 20 


46 60 
5 93  


46 78 
6 28 


50 88 
7 14  


51 01 
6 44 


52 88 
6 80 


c 48.32  48.41 
H -6.04 6 . 0 2  
C 54 .19  54.17 
H 7 . 1 0  7.20 
C 50.16 5 0 , 2 8  
H 6 . 7 5  6 . 7 9  
C 40.79 40.78 
H 5.10 5 . 2 5  
c 44.09  44.22 
H 5 . 7 7  5 . 6 6  c 4 4 . 3 3  44.50 
H 5 . 2 8  5 . 2 1  c 45.80  45.72 
H 5 . 6 0  5.55 
C 42 .53  42.68 
H 5 . 0 6  4.98 
C 47 .17  47.26 
H 5 . 9 0  5 . 8 3  
C 44 .12  44.30 
H 5 .64  5 . 6 9  


and the cold solution was carefully added to a solution of 1 ml 
(0.012 mole) of piperidine in 25 ml of water containing 2.12 g (0.02 
mole) of anhydrous sodium carbonate. The precipitate was fil- 
tered, washed with cold water, and recrystallized from aqueous 
ethanol to give 2.82 g (72%), mp 101-103°, mol. wt. 393 (by mass 
spectroscopy); UV,,, 322 nm; IR (KBr): urnax 3330, 2880, 2775, 
1582, 1448, 1420, 1392, 1338, 1286, 1258, 1219, 1187, 1165, 1147, 
1101, 943, 869, 851, 842, 781, 746, and 711 cm-'; NMR (CCl4): d 
1.76 (m, 6H, piperidine H), 3.51 (m, 8H, CHz-CHz), 3.80 (m, 4H, 
piperidine H), and 7.33-7.80 (q, 4H, ArH). 


All other triazene derivatives reported in Table I were prepared 
similarly. 
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I n  Vitro Antibacterial Activity of Drugs against 
Human Intestinal Anaerobic Bacteria 


M. W. BROWN 


Abstract The in oitro antibacterial activity, against the major 
groups of anaerobic fecal bacteria, of a series of drugs was exam- 
ined by an agar diffusion test and the minimum inhibitory concen- 
tration (MIC) test. Only the phenothiazines and amitriptyline 
showed any marked antibacterial activity, the MIC's being in the 
40-640-pg/ml range. I t  is suggested tha t  the detergent nature of 
the molecules of these drugs in aqueous solution is responsible for 
the observed antibacterial activity. 


Keyphrases Antibacterial activity-commonly used drugs test- 
ed against human intestinal anaerobic bacteria in uitro Drugs- 
commonly used drugs tested for antibacterial activity against 
human intestinal anaerobic bacteria in uitro 0 Phenothiazines- 
antibacterial activity against human intestinal anaerobic bacteria 
determined in oitro 


Many drugs introduced into the human body are 
excreted uia the feces, either as the parent molecule 
or conjugated with glycine or glucuronic acid (1). 
Porter and Beresford (2) showed that chlorpromazine 
was excreted in the urine, while Walkenstein and 
Seifter (3) reported the presence of phenothiazine 
compounds in the feces of dogs given the drugs oral- 
ly. In both cases the drug was present as the free base 
and as metabolites, e.g. ,  chlorpromazine sulfoxide. 
Porter and Beresford (2) also claimed that only 4% of 
an oral dose of chlorpromazine (100 mg) was excreted 
in the urine within 7 days. Therefore, the possibility 
exists that the intestinal flora will come into contact 
with either the drugs or their metabolites, since it has 
also been shown that intestinal and fecal bacteria can 
deconjugate glycine and glucuronic acid conjugates to 
release the free drug. Substances were identified in 
human feces that had the spectrophotometric and 
polarographic characteristics of chlorpromazine and 
chlorpromazine sulfoxide 24 hr after an oral dose of 
chlorpromazine (100 mg) (4, 5). These compounds 
were not isolated and identified, but a concomitant 


decrease from 6 X 1O'O to 2 X lo1' viable anaerobes/g 
of wet feces was noted and some GI distress occurred. 


EXPERIMENTAL 


Anaerobic bacteria were isolated from fresh human feces using a 
rumen fluid roll tube (medium) (6) and the method described by 
Brown (5). The  isolates were broadly classified into three groups 
(5): 


Group  I-Anaerobic, Gram-negative asporogenous rods exhib- 
iting very pleomorphic forms. The organisms in this group belong 
to the genera Bacteroides, Sphaerophorus, Ristella, Capsularis, 
Fusobacteriurn, and Eggerthella. 


Group  11-Anaerobic, Gram-positive, nonmotile, asporogenous 
rods. These organisms belong to  the genera Bifidobacterium, Ca- 
tenebacterium, Eubacterium, Propionibacterium, and Actinorny- 
ces (7 ) .  


Group  111-Anaerobic, Gram-positive cocci of the genera Pep- 
tococcus and Peptostreptococcus ( 7 ) .  


These groups included all anaerobic bacteria occurring in nor- 
mal human feces a t  the level of l@-lO1o/g of wet feces. A prelimi- 
nary test for drug sensitivity was performed on the isolates, using 
an antibiotic disk sensitivity test method modified for the testing 
of obligate anaerobes (5). The isolates were streaked onto rumen 
fluid glucose agar slants and incubated a t  37' for 48 hr to ensure 
that there were no contaminants. Growth was washed from the 
slant with dilution solution (6), and the absorbance was adjusted 
to 0.2 (420 nm). This suspension (0.2 ml) was used to  inoculate 
molten agar (50 ml) in a 120-ml (4.02.) medical flat bottle which, 
after mixing, was allowed to set on one large face of the bottle. Fil- 
ter paper disks containing the drug (50 pg) were placed on the agar 
surface and left for 1 hr a t  room temperature to allow the drug to  
diffuse into the agar. 


The  bottles were incubated a t  37" for 48 hr before the zones of 
inhibition were measured. T o  ensure that the noninhibitory drugs 
in the disk test were actually desorbing from the disk and diffusing 
through the agar, the following test was performed. Disks of the 
drug were placed on uncontaminated agar and the drug was al- 
lowed to  diffuse into the agar for l hr a t  room temperature. The 
disk was removed and the residual drug on the disk was assayed 
polarographically. The drugs were also detected in small pieces of 
agar cut from the plate a t  different distances from the disk. The 
minimum inhibitory concentration (MIC) was investigated using 


Table I-Inhibition of Anaerobic Feca l  Bac ter ia  b y  Commonly  Used  Drugs 


D r u g  and Zone* of Inhib i t ion  
-~ ~~~ ~~~~ ~ 


.- 


.n 
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rumen fluid glucose broth. Those drugs not showing any inhibition 
in the disk test were also examined by this method to exclude fur- 
ther the possibility mentioned previously. 


Inocula for the broth cultures were produced as in the disk test. 
Sterile solutions of the drugs were added to sterile broth to give 
concentrations of 10, 20, 40, 80, 160, 320, and 640 pg/ml. Concen- 
trations in excess of 640 Wg/ml were found to precipitate the broth 
constituents. 


RESULTS AND DISCUSSION 


Of the drugs examined, only the phenothiazine derivatives and 
amitriptyline had any marked antimicrobial activity in the sensi- 
tivity disk test. This activity was limited to the Group I bacteria 
(Table I). However, in the MIC determinations where higher con- 
centrations of drugs were used, these compounds were again the 
only active ones, but Group I1 and 111 organisms were also inhibit- 
ed (Table 11). The antimicrobial activity of the phenothiazines has 
been known for some time; Raffel et al. (8) reported that these 
compounds inhibited Mycobacterium tuberculosurn, and Agarwal 
and Ignatur (9) found that chlorpromazine had a lytic effect on 
Escherichia coli G cells. 


Phenothiazine was originally used as an anthelmintic (10) but 
was discarded because of toxic side effects. I t  has been shown to 
cause GI disturbances, e.g., nausea, vomiting, and diarrhea. Haden 
(11) reported that patients treated with chlorpromazine com- 
plained of GI pain and nausea after 2 days. All phenothiazines 
tested exhibited a marked antibacterial action against the Group I 
(Bacteroides) bacteria. Since these organisms constitute the ma- 
jority of flora in the latter segment of the small intestine, large in- 
testine, and rectum (1O'O-5 X lO"/g of wet feces), any drug inhib- 
iting them will permit the outgrowth of other commensals and pos- 
sibly pathogens, e.g., yeasts, candida, proteus, and clostridia. This 
alteration in the floral balance could result in large amounts of gas 
being produced and/or changes in pH and redox potential (Eh) of 
the gut cont,ents (4). Thus, the distress suffered by persons ingest- 
ing the phenothiazines could be due to changes in gut flora. 


The MIC results (Table 11) indicate that the phenothiazines 
were all inhibitory a t  a similar concentration, suggesting some non- 
specific activity. Several reports (12, 13) showed that the pheno- 
thiazine compounds and amitriptyline were amphipathic mole- 
cules in aqueous solution. I t  is possible that the inhibitory activity 
of these compounds was due to a surface-active effect on the bacte- 
rial cell membrane. It is unlikely, however, that  the inhibitory ac- 
tion was solely due to a surface phenomenon since both chlordia- 
zepoxide and diazepam, which are known to have surface-active 
properties, showed no antibacterial activity in uitro against the or- 
ganisms tested (Table 11). Furthermore, there is little evidence to 
suggest that chlordiazepoxide and diazepam cause intestinal dis- 
tress. 


The disk test has been criticized because it was considered that 
some drugs would not desorb from the disk and diffuse in the agar. 
Results obtained by placing disks on uncontaminated agar showed 
that  only small amounts of drug were left on the disk after 1 hr and 
the drug could also be detected in sections of agar away from disk. 
Moreover, there was extremely good correlation between the disk 
tests (Table I) and MIC results (Table 11). 
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Excretion of the Active Principle of 
Catha edulis (Miraa) in Human Urine 


C. K. MAITAI *x  and G. M. MUGERA * 


Abstract 0 d-Norpseudoephedrine, a central stimulant present in 
Catha edulis, is excreted unchanged in human urine. The alkaloid 
was detected in urine 30-50 min after ingestion of synthetic d- 
norpseudoephedrine, and trace amounts of the drug could still be 
detected 24 hr later. Approximately 40% of ingested d-norpseudoe- 
phedrine was recovered in urine in the first 6 hr. 


Keyphrases 0 Catha edulis-urinary excretion of d-norpseudoe- 
phedrine after mastication, humans 0 d- Norpseudoephedrine- 
urinary excretion after mastication of Catha edulis, hu- 
mans 0 CNS stimulants-urinary excretion of d-norpseudoephe- 
drine after mastication of Catha edulis, humans 


Catha edulis Forsk. (Celastraceae) is an evergreen 
shrub, which usually is about 3-7 m tall but can grow 
to a height of 18 m under favorable climatic and soil 
conditions. It is found in the Eastern part of Africa, 
from Ethiopia to South Africa, and in Arabia. In 
Kenya, the plant is cultivated on a commercial scale 
on the slopes of Mount Kenya in the Nyambeni Divi- 
sion of the Meru District. The shoots of this plant are 
masticated while fresh to combat mental fatigue, 
allay hunger, and generally induce euphoria (1). The 
earliest recorded direct reference to the use of Catha 
was in a 1237 (2) prescription for relief of depression. 
Alles et al. (3) showed that the central stimulant ac- 
tivity of Catha can be attributed wholly to its d-  
norpseudoephedrine content. 


Information gathered irom those who masticate 
Catha indicated that the effect on the central ner- 
vous system is biphasic, i .e.  initial stimulation fol- 
lowed by a compensatory phase of depression (4). It 
was reported that it is necessary to chew the material 
continuously for sustained mental stimulation, an ef- 
fect that could be interpreted to mean that the mate- 
rial is rapidly eliminated from the body. A literature 
survey has not revealed any study of the elimination 
of d- norpseudoephedrine from the human body and, 
accordingly, this aspect was investigated. Since most 
phenylalkylamine derivatives are eliminated through 
the renal route (5), the present study was restricted 


to investigation of the presence of d-norpseudoephe- 
drine and metabolites in urine. 


EXPERIMENTAL 


Each of four human volunteers was requested to masticate three 
bundles of Catha material at a rate of about two bundles per hour 
and to submit samples of urine at  predetermined intervals. The 
average weight of a fresh bundle of Catha material was 80.6 g, of 
which 70-80% was ingested; the rest, a fibrous residue, was dis- 
carded. The volunteers had only drunk milk in the morning and 
were requested to give samples of urine just before the experiment 
and thereafter at  the following intervals: 0.5-1, 1-2, 2-4,6-8,8-12, 
12-15, and 15-24 hr. No food or beverage was consumed in the 
first 6 hr of the experiment, but the volunteers were encouraged to 
drink water freely so as to promote frequent voiding of urine. 


Qualitative examination of urine for d-norpseudoephedrine and 
metabolites was carried out as follows. To each urine sample (usu- 
ally 20-50 ml) was added 1-2 ml of saturated lead acetate solution 
and, after thorough mixing, centrifugation was performed to re- 
move any precipitate. The urine was acidified with 0.1 N sulfuric 
acid, and any precipitate of lead sulfate was removed by centrifu- 
gation. The acidic supernatant liquid was extracted with an equal 
volume of ether three times to remove organic acids and neutrals. 


The aqueous phase (urine) was made alkaline with 2 N sodium 
hydroxide and then saturated with sodium chloride and extracted 
with an equal volume of ether for 8 hr. Preliminary work had 
shown that the “salting-out’’ process with sodium chloride im- 
proves the percentage recovery of d-norpseudoephedrine from 
urine considerably. This extraction was repeated three times, and 
the combined ether extract was washed twice with 2 ml of 2.5% so- 
dium bicarbonate solution and dried with anhydrous sodium sul- 
fate. The ether was then distilled off, and the basic residue was ex- 
amined by TLC and GLC techniques. 


This experiment was repeated using synthetic d-norpseudoe- 
phedrine. Approximately 30 mg was accurately weighed, dissolved 
in a small volume of water, and given to each of four human volun- 
teers with urine samples collected as described previously. 


Examination of residues for d-norpseudoephedrine and metabo- 
lites using TLC was carried out as follows. Residues were taken up 
in 2 ml of ether, and approximately 2-5 fil was spotted on a TLC 
plate coated with silica gel. Approximately 5 11  of the following ref- 
erence compounds was also spotted on the same plate as the resi- 
due: 1-ephedrine, d-pseudoephedrine, and d-norpseudoephedrine. 
Plates were developed in one of the following solvent systems: A, 
butanol-acetic acid-water (6015:25); B, butanol saturated with 
water (upper phase); C, methanol-ammonia (100:1.5); or D, isopro- 
panol-water-ammonia (80:15:5). The spots were revealed by ex- 
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BOOKS 


REVIEWS 


International Aspects of Drug Evaluation a n d  Usage. Edited 
by A. J. JOUHAR and M. F. GRAYSON. Longman Inc., 72 
Fifth Ave., New York, NY 10011, 1973.374 pp. 14 x 23 cm. Price 
$21.00. 
The book records the proceedings of the International Meeting 


of Medical Advisors in the Pharmaceutical Industry held April 
17-20, 1972 in London. The meeting was conceived as an attempt 
to assess the current state of‘ the evaluation of drugs around the 
world. The major contributors to the book were medically quali- 
fied people working in the pharmaceutical industry. Because of the 
broad spectrum of contributors, the book is worthwhile reading for 
anyone involved in drug development in the pharmaceutical indus- 
try. Due to the international nature of the symposium, much of the 
material concerning, directly or indirectly, the regulatory aspect of 
drug development is not entirely applicable to  requirements in the 
United States. The book does provide, however, oia its interna- 
tional contributors, an interesting overview of the data required by 
drug regulatory agencies outside the United States. The book’s 
most useful aspect is its exchange of experiences in drug develop- 
ment by people intimately involved in the work on a world-wide 
basis. I t  is always useful and consoling, if not profoundly informa- 
tive, to be made aware of the approaches and frustrations of others 
involved in drug evaluation and development. The many chapters 
in this vein are quite useful in confirming one’s approach to drug 
development, and in demonstrating that one’s unanswered ques- 
tions are also unanswered questions by others working in the same 
area. 


One particularly noteworthy chapter is by C. Maxwell. Maxwell 
provides some extremely worthwhile comments and philosophy in 
his opinion and overview on the preclinical screening of new drugs, 
the proper philosophy for the clinical testing of drugs, and the use 
of statistics in clinical efficacy decision making. 


Overall, the book outlines a very practical, realistic approach to 
drug testing and clinical evaluation. “International Aspects of 
Drug Evaluation and Usage” is, therefore, recommended reading 
by anyone involved in the clinical testing and/or supervision of 
clinical testing of new drugs. 


Reviewed by William A. Cressman 
McNeil Laboratories, Inc. 
Fort Washington, PA 19034 


USAN 10 a n d  the USP Dictionary of Drug  Names, 1974 Sup- 
plement. Published for the USAN Council by the U.S. Pharma- 
copeial Convention, Inc., Rockville, MD 20852, 1974. vi + 100 
pp. 21 X 28 cm. Price $4.75. 
This recently published Supplement contains 5747 entries in- 


cluding all entries from the 1973 Supplement. Seventy-three new 
USAN names are incorporated into this Supplement and 125 new 
code designations are included. The USAN books also provide in- 
formation on USP and NF official names, FDA established names, 
and brand names, abbreviations, and trivial names. 


The USAN publications are a most important aspect of the ef- 
fort to bring uniformity to the area of drug nomenclature. As such 
they should be available to and utilized by all persons involved 
with pharmaceuticals. 


Staf f  Reuiew 


Everything You Wanted To Know About Drug  Abuse.. . But 
Were Afraid To Ask. By C. L. WINPK. Dekker, New York, NY 
10016, 1974. 213 pp. 15.5 X 23.6 cm. Price $12.75. 
The material in this book is presented in an easy to read form of 


questions and answers and is divided into 14 sections generally by 
category of abused drug. 


The book is based on the author’s experience in dealing with the 
drug problem on a daily basis over the past 6 years. The material is 
based on real experiences obtained during the author’s various ac- 
tivities concerned with the drug problem including investigating 
drug-related deaths and conducting toxicological analyses. 


The questions included in this book are those put to the author 
during various speaking engagements and seminars by students, 
teachers, and various health-care professionals. 


Staff Review 
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Effect of Flavoring Oils on Preservative 
Concentrations in Oral Liquid Dosage Forms 


PRAMOD B. CHEMBURKAR and ROBERT S. JOSLIN * 


Abstract The partitioning of methyl-, ethyl-, propyl-, and 
butylparabens into flavoring oils from aqueous systems was stud- 
ied. The partitioning is dependent on the concentration of the fla- 
voring oil, the pH of the aqueous medium, and the nature and con- 
centration of additives to the aqueous medium. 


Keyphrases 0 Flavoring oils-effect on preservative concentra- 
tions in oral liquid dosage forms, partitioning of parabens 0 Pre- 
servatives-effect of flavoring oils on concentrations in oral liquid 
dosage forms, partitioning of parabens 0 Parabens-partitioning 
from aqueous systems, effect of flavoring oils on concentrations in 
oral liquid dosage forms 0 Interactions-parabens-flavoring 
agents in aqueous medium, effect on preservative concentrations, 
oral liquid dosage forms 


Although the search for effective preservatives 
continues unabated, esters of p-hydroxybenzoic acid 
are still the most frequently used preservatives in 
oral pharmaceutical preparations. Several recent ar- 
ticles discussed the conditions in which various pre- 
servatives are effective and various conditions or 
agents that reduced or destroyed their effectiveness 
(1-3). 


The effect of partitioning on the antimicrobial ac- 
tivity of preservatives was discussed (4). In a mixed 
system containing an oil phase, emulsified or as a 
separate layer, the concentration of antimicrobial 
agent required was higher than that in a completely 
aqueous system (5 ) .  Higher concentrations of preser- 
vatives are required to compensate for the quantities 
made unavailable for antimicrobial action due to ad- 
sorption, binding, or solubilization by nonionic sur- 
factants or partitioning into a nonaqueous phase (6- 
11). 


The theory behind partitioning of a preservative in 
an oil-water system was discussed (12). Several re- 
ports (7,8,10, 13) also described the partitioning of a 
preservative between two phases and the equilibria 
involved in partitioning and binding of a preservative 
to surfactants. Pate1 and Romanowski (12) further 
showed microbiologically the partitioning and bind- 
ing effect of the oils and the surfactants on the pre- 
servatives. It has been noted that creams and emul- 
sions are more difficult to preserve than aqueous so- 
lutions (14-18). The significant part played by parti- 


tioning of the preservatives between aqueous and 
nonaqueous phases, allowing availability of only a 
portion of the total quantity of the preservatives in 
the aqueous phase where contaminants normally 
multiply, has been stressed (19-22). 


Flavoring agents are used in most oral liquid phar- 
maceutical preparations. These flavoring agents are 
composed of aromatic oils, natural or synthetic, and 
other ingredients to make them compatible with 
aqueous systems. 


Preliminary observations in this laboratory showed 
that the solubility of parabens in these flavoring 
agents was extremely high. Since parabens are used 
in low concentrations, their high solubility in fla- 
voring agents may cause depletion of the preserva- 
tives from the aqueous phase, with a consequent re- 
duction in overall preservative activity. The purpose 
of this paper is to report the interaction between par- 
abens and flavoring agents in an aqueous medium. 


EXPERIMENTAL 


General Parti t ioning Study-A 0.15% solution of methylpara- 
ben was prepared in a buffer solution of specified pH. Fifty-millili- 
ter aliquots of the solution were transferred to 125-ml erlenmeyer 
flasks, and 0.5 ml of flavoring oil (1% of the total volume) was 
added to each flask. Respective blanks were also prepared contain- 
ing flavoring oil but no methylparaben in the buffer solutions. The 
flasks were mounted on a wrist shaker’ and shaken for 12 hr. The 
insoluble oily component in the mixture was then separated by a 
combination of centrifugation and column filtration technique. 


The mixture was centrifuged a t  10,000 rpm, corresponding to 
approximately 12,000 rcf. in a high-speed analytical centrifuge2 for 
about 30 min. After centrifugation, the aqueous layer was sepa- 
rated from the floating oily layer using a Pasteur pipet. Aqueous 
layers from different tubes corresponding to one sample were 
pooled. This aqueous portion was then passed through an acid- 
washed kieselguhr column. The columns were prepared as follows. 


A 10-ml disposable plastic syringe was plugged with a wad of 
glass wool of about 10-mmconstant thickness. Two grams of acid- 
washed dry kieselguhr was weighed into the syringe. The column 
was lightly tapped down to a 35-mm column height, corresponding 
to the 6-ml mark on the plastic syringe, and the mixture was 
passed through the column. The first 5 ml of the effluent was re- 


Burrell. 
I.E.C. international centrifuge model H - T  rcf. = reciprocal centrifugal 


force. 
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Table I-Partitioning of Propylparaben from Acetate  
Buffer into Oils (1.0%) 


Concentration of Propylparaben 
in Aqueous Phase, mg/100 ml 


Before After 
Par t i t ioning Part i t ioning 


Orange oil 
Lemon oil 
Anise oil 
Peppe rmin t  oil 
Spearmint  oil 


7 3 . 3  6 6 . 0  
7 3 . 3  
7 3 . 3  
7 3 . 3  


5 5 . 6  
4 8 . 9  
1 2 . 6  


7 3 . 3  0 . 2  


Table 11-Solubility (in g/100 ml) of Parabens in  Distilled 
Water, Peppe rmin t  Oil, and Spea rmin t  Oil 


Distilled 
Paraben Water Peppermint Spearmint  


Table 111-Effect of Concentrat ion of Peppe rmin t  Oil on 
Part i t ioning of Propylparaben f rom 0.025 % Solution i n  
Acetate  Buffer 


Concentration of Paraben, 
Peppermint  Oil, % mg/100 m l  


0.00 73 .6  
0.10 4 9 . 4  
0 .20  2 7 . 0  
0 . 4 0  13 .6  
0 . 6 0  8 . 5  
0 . 8 0  6 . 7  


Table IV-Effect of pH on  Part i t ioning of Propylparaben 
f rom 0.025% Solution in  Buffer into 0.25% Spea rmin t  Oil  


Concentration of P a r a b e n  
in Aqueous Phase, 


mg/100 m l  


Methy l  0 . 2 5  15.68 20.54 
E t h y l  0 .17  19.97 23.93 
Provvl 0 . 0 5  25 .56  32.51 


Before After  C", I / calla 
Part i t ioning Part i t ioning B.P. - A.P. 


P H  (B.P.) (A.P.) A.P. 
Bu@ 0 . 0 2  44.17 45.59 


jected, and the next 25-30 ml was collected for further work. The 
solutions serving as blanks contained parabens but no flavoring oil 
or contained flavoring oil but no parabens, and they were treated 
the same way. 


Paraben Assay-The solutions containing parabens were as- 
sayed spectrophotometrically. The filtrates or the standard aque- 
ous solutions were diluted first with methanol containing 20% 0.1 
N HCI. These solutions were then further diluted with pure meth- 
anol. The absorbance of the final solution was measured3 a t  256 
nm, the A,,, for undissociated parabens, against a corresponding 
blank solution. Intermittently, UV spectra of these solutions were 
obtained4 to check the absence of any interference from extrane- 
ous matter as well as to be sure that parabens were present in the 
undissociated form. Interfering species capable of absorbing in the 
UV region were acetate ion (A,,, 205 nm), spearmint oil (Amax 245 
nm), and peppermint oil (A,,, 252 nm). 


The sample solutions needed a minimum of a 3:100 dilution with 
acidic methanol. At this dilution the contribution to absorbance 
from the interfering moieties was minimal. The absorbance mea- 
surements of the sample solutions also were made against blank 
solutions containing the same ingredients except flavoring oil or 
paraben, as the case may be, in exactly the same concentrations 
and treated identically to sample solutions. This procedure com- 
pensated for the possible contribution in absorbance measure- 
ments from interfering moieties. 


Solubility of Pa raben  in  Flavoring Oils-Ten milliliters of 
spearmint oil and peppermint oil was saturated individually with 
methylparaben, ethylparaben, propylparaben, and butylparaben 
a t  room temperature. These solutions were shaken in the presence 
of an excess of solute for 24 hr on a wrist shaker. The flasks were 
then transferred to a 25O thermostated shaker bath for further 
shaking for 24 hr. The solutions were filtered through a fine-poros- 
ity sintered-glass funnel, and the filtrates were adequately diluted 
with pure methanol. The spectrophotometric absorbances of the 
solutions were then measured a t  256 nm against the proper blanks. 


In another experiment, the solubility of propylparaben in lemon, 
orange, spearmint, and peppermint oils was compared in a similar 
way. The solubilities of all four esters in water also were deter- 
mined in a similar way except for cutting the shaking time to 8 hr 
to avoid possible degradation of the compounds in water. Degrada- 
tion was not controlled, nor was it accounted for in the final re- 
sults. 


pH-Partition Studies-Acetate, phosphate, and borate buff- 
ers, pH 4-9, were prepared. Solutions of propylparaben in a con- 
centration of approximately 20 mg/100 ml were prepared in buffer 
solution. Spearmint oil and peppermint oil were added to these so- 


3 Beckman DU spectrophotometer. 
4 Cary model 15 recording spectrophotometer. 


5 . 6 0  
6 . 7 4  
7 . 3 5  
7 . 4 5  


7 9 . 8  9 . 3  7 . 6 1  
7 9 . 8  1 1 . 1  6 . 1 8  
7 9 . 6  1 3 . 6  4 . 8 4  
7 9 . 6  14 .7  4 . 4 1  


8 . 5 6  7 9 . 1  39 .8  0 . 9 9  
9 . 0 1  7 9 . 7  5 5 . 1  0 . 4 5  


~~ 


a No volume adjustments were made. 


lutions in quantities t o  obtain concentrations of 0.25 and 0.4%, re- 
spectively. The mixtures were equilibrated by shaking on the wrist 
shaker for 16 hr a t  room temperature, and the aqueous layer was 
then separated and assayed for propylparaben. Buffer solutions 
containing propylparaben but no oil were shaken for the same 
length of time to account for any possible pH-dependent degrada- 
tion of propylparaben in aqueous solut.ions. 


Effect of Salt on Partitioning-Sodium chloride or sugar was 
added to solutions of 0.02% propylparaben in pH 4.7 acetate buffer 
in concentrations ranging from 0.25 to 3.0 M in salt or sugar. These 
solutions were then equilibrated with 0.15% spearmint oil for 16 hr 
a t  room temperature. The separation of the aqueous layer and the 
assay of propylparaben in it followed. 


RESULTS AND DISCUSSION 


The partitioning of propylparaben from a pH 4.7 acetate buffer 
into flavoring oils added in a concentration of 1.0% is shown in 
Tahle I. All of the oils showed some partitioning effect. However, 


70 fi 


0 
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 


SPEARMINT OIL, mi, ADDED TO 100 ml pH 4.7 ACETATE BUFFER 


Figure 1-Partitioning of propylparaben from solution in p H  
4.7 acetate buffer into spearmint oil as a function of concentra- 
tion of spearmint oil. 
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Figure %-Partitioning of propylparaben from solution in 
aqueous buffer into 0.4% peppermint oil and 0.25% spearmint 
oil as a function of pH of aqueous buffer solution. 


the effect was observed best with peppermint oil and spearmint 
oil, so further work was confined to them. 


The solubilities of four esters of p-hydroxybenzoic acid in dis- 
tilled water, peppermint oil, and spearmint oil are given in Table 
11. As reported in the literature, the solubility in water decreases 
and the solubility in oil increases with the increase in the chain 
length of the ester. 


The effect of the concentration of the flavoring oil on the parti- 
tioning of propylparaben from its solution in acetate buffer is 
shown in Table 111. Even at 0.1% oil concentration, almost 30% of 
the propylparaben partitioned into the oil. The same effect of the 
concentration of oil on partitioning was observed with spearmint 
oil (Fig. 1). 


The effect of pH on the partitioning of propylparaben from a 
0.025% solution in buffers into 0.25% spearmint oil is shown in 
Table IV. No attempt was made to calculate the true partition 
coefficients since the volume adjustments would give tremendous- 
ly high numbers. Only ratios of concentrations of paraben in oil 
and aqueous phase are given in Table IV. It can be observed from 
the data that as the pH of the propylparaben solution is raised, the 
concentration of ionized species in relation to unionized species in- 
creases. Since the solubility of ionized species in the nonaqueous 
solvents is negligible, the amount partitioning into the oil layer de- 
creases steadily with the increase in pH. The same observation was 
made with peppermint oil. The results for the effect of pH on the 
partitioning are shown graphically in Fig. 2 for both peppermint 
oil and spearmint oil. The sigmoidal curve seen for peppermint oil 
with its inflection point at pH 7.4 corresponds to the titration 
curve of a buffer species with a pKa of 7.4. 


The effect of the length of the side chain in the ester linkage was 
investigated by determining the ratio of the concentration of the 
four esters in an aqueous acetate buffer and a nonaqueous dis- 
persed phase of mixtures containing a fixed amount of added fla- 
voring oil-0.2% spearmint oil or 0.2% peppermint oil (Tables V 
and VI). A plot of the partition ratio against the molecular weight 
of the esters in the spearmint and peppermint oils is shown in Fig. 
3. From the plot it can be observed that a longer chain length caus- 
es higher partitioning into the oil. Thus, butylparaben partitions 
the most into the oil followed by propyl-, ethyl-, and methylpara- 
ben, in that order. This order follows the order of solubility of the 


Table V-Partitioning of Pa rabens  Using a Cons tan t  
Quant i ty  of Spearmint  Oil (0.2%) in Acetate  Buffer 


Concentration of Parabens 


Phase,  mg/100 m l  
in Aqueous 


Before After  c o i  I / c,, 
Part i t ioning Part i t ioning B.P. - A.P. 


Paraben (B.P.) (A.P.) A.P. 


Me thy l  5 9 . 2  36.6 0 .62  
E t h y l  6 9 . 1  1 9 . 2  2 . 6 0  
Propyl  6 8 . 7  1 . 4  4 8 . 1  


- Buty l  4 7 . 1  0 .0  


Table VI-Partitioning of Parabens Using a Cons tan t  
Quan t i ty  of Peppe rmin t  Oil (0.2%) in  Acetate  Buffer 


Concentration of Parabens 
in Aqueous 


Phase, mg/100 ml 


Before After C0il/Caq 
Part i t ioning Part i t ioning B-P. - ASP- 


Paraben (B.P.) (A.P.) A.P. 


Methy l  58.8 5 5 . 7  0.06 
E t h y l  7 4 . 0  5 1 . 4  0 . 4 4  
P ropy l  6 4 . 9  2 6 . 0  1 . 5 0  
Bu ty l  60.1 9 . 1  5.77 


esters in oil themselves. The longer chain length of the ester link- 
age imparts the characteristic of higher solubility in the nonaque- 
ous phase (Fig. 3). 


Since any solution in need of preservation would contain ionic 
and nonionic materials, the effect of their presence on partitioning 
of propylparaben from a 0.05% solution into a 0.15% spearmint oil 
was studied. Sodium chloride was added as an ionic material, and 
sucrose was added as a nonionic material (Tables VII and VIII). As 
the concentration of sodium chloride in solution increased, the 
amount of propylparaben partitioning into oil increased. This ef- 
fect was conspicuously absent with sugar. 


The increased partitioning of parabens in the presence of sodi- 
um chloride may be explained on the basis of the salting out of oil; 
the amount of oil separating increased with an increased concen- 
tration of salt in the solution. The inherent solubility of these fla- 
voring oils is fairly low. In the presence of a strong electrolyte, 
some of the dissolved oil or its components-terpenes-would 
come out of solution. This oil would then disperse throughout the 
aqueous phase as a nonaqueous organic phase, exerting its full par- 
titioning effect and causing depletion of parabens from the aque- 
ous phase. 


In the foregoing experiments, the concentration of oils used was 
4-10 times the normal concentrations used as flavoring agents. 
The exaggerated conditions were necessary to discover the possible 
interaction of the flavoring oils at their normally lower levels. The 
solubility of the flavoring oils is dependent on the concentration of 
other additives, particularly ionic compounds. As noticed in the ef- 
fect of concentration of sodium chloride on the partitioning of pro- 
pylparaben, the ionic compound would increase the partitioning of 
propylparaben into oil or cause salting out of the oil from the solu- 
tion which. in turn, would be available for partitioning of more 
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Figure 3-Partitioning of parabens from solution in pH 4.7 
acetate buffer soluticn into peppermint oil and spearmint cil as 
a function of molecular weight of parabens. 
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Table VII-Effect of Sodium Chloride Concentration on  
Partitioning of Propylparaben from 0.05 % Solution into 
0.15% Spearmint Oil 


Concentration of 
Paraben in 


Aqueous Phase, 
mg/100 ml 


Molarity of Before After 
Salt in Partition- Partition- Coil/Cw 


Acetate 1ng 
Buffer PH (B.P.) (A.P.) A.P. 


Ing B.P. - A.P. 


0.00 4.60 77.2 52 .1  0 .48  
0.25 4.50 77.2 46.9 0 .65  
0.50 4.45 77 .2  38.4 1 .01  
0.75 4.40 77.2 33.3 1.32  - -~ 
1.00 4.40 77.2 23.i 2.34 
2.00 4.30 77.2 9.8 6 .87  
3.00 4.28 77.2 2 .4  31.18 


paraben. The overall effect is depletion of parabens from the aque- 
ous phase. 


A higher pH would decrease the amount of parabens partitioned 
into the oils because of the higher concentration of dissociated par- 
aben molecules in the aqueous medium. The dissociated molecule 
does not have the preservative action, so adjustment of pH to re- 
duce partitioning would not be helpful. 


An experimental antacid formulation was prepared containing a 
combination of methylparaben (1.0 mg/ml) and propylparaben 
(0.5 mg/ml) as a preservative. This formulation was flavored with 
anise oil, and another similar formulation was flavored with pep- 
permint oil. The concentration of anise oil was 5.5 times that of 
peppermint oil. 


Both formulations were challenged with Pseudomonas aerugi- 
nosa and Paracolobactrum coliforme separately with lO,O00,000 
and 500,000 organisms/ml. A mixed culture of the two was also 
used as a challenge inoculum a t  two levels. Over a 4-week testing 
period during which seeded bottles were incubated at  25 and 37O 
and plated on growth media, the formulation containing pepper- 
mint oil did not show growth, indicating adequacy of the preserva- 
tive system. However, the preparation containing anise oil as a fla- 
voring agent showed growth of Pseudomonos in the 2nd week. 
When the concentration of propylparaben in the anise oil formula- 
tion was raised to 0.7 mg/ml, the formulation withstood the micro- 
bial challenge test and was comparable to a control formulation. 
Therefore, it  was concluded that in the presence of a small concen- 
tration of flavoring oils, the partitioning of parabens into flavoring 
oil does occur, causing a decrease in the preservative action. The 
antimicrobial action of the flavoring oils makes quantitative mi- 
crobial evaluation of this partitioning effect in pharmaceutical for- 


Table VIII-Effect of Sucrose Concentration on 
Partitioning of Propylparaben from 0.025% Solution into 
0.1% Spearmint Oil 


Concentration of Paraben in 
Aqueous Phase, mg/100 m l  


Molarity of .- 


Sucrose in Before After 
Acetate Buffer Partitioning Partitioning 


0 .oo 
0.25 
0.50 
0.75 
1 .oo 
2.00 


48.5 
48.5 
48.5 
48.5 
48 .5  
48.5 


48.5 
49.5 
49.6 
53.2 
49.2 
45.8 


mulations.very difficult. A method for such evaluation is under 
consideration. 


CONCLUSION 


This study demonstrates that parabens used as preservatives in 
oral liquid pharmaceuticals partition into flavoring oils. The parti- 
tioning effect depends upon the concentration of the flavoring oils, 
the pH of the aqueous medium, and the nature of other additives. 
The depletion of parabens from the aqueous phase may lower the 
concentration of the preservatives below the critical required level 
for preservative action: 
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DRUG QUALITY POTENTIAL 
PROBLEMS VERSUS ACTUAL EXPERIENCE 


Scientists frequently are chagrined by the fact that the lay public will view 
technical subjects in a simplistic manner. For example, it is often mid that 
the lay-person rarely understands or comprehends the fact that no drug is 
completely and absolutely “safe.” In other words, the concept of benefit-to- 
risk, which ultimately applies in the case of every drug, appears to be a bit 
beyond general public comprehension. 


However, those trained in the pharmaceutical and medical sciences- 
whether they be scientists or practitioners-should have sufficient knowl- 
edge and sophistication that they can be expected to recognize and under- 
stand such distinctions. Unfortunately, for some reason this is not always the 
case. 


Specifically, over the years, APhA and Association officials have frequent- 
ly pointed out that drug products must be formulated with care, that princi- 
ples of good manufacturing practice must be followed, that specifications 
and standards must be adopted, and that drug marketing and distribution 
must be controlled and monitored. Moreover, APhA has taken the position 
that the absence of any of these vital components would give rise to serious 
questions about the suitability of the resultant drug products. 


Subsequently, these APhA statements a t  times have been cited by various 
outside sources to support their claim or conclusion that the drug supply is 
of uncertain quality and that there is ample reason to be concerned about 
the safety and effectiveness of a very substantial portion of drugs on the 
market. 


In turn, APhA has been surprised by such faulty reasoning and has been 
annoyed when efforts of this type are made to misconstrue the Association’s 
position. Indeed, people who certainly should know better have alleged that, 
when APhA states that problems of therapeutic equivalence are of a very 
limited magnitude, the Association is “changing its position” or “reversing 
itself.” These people appear to believe that the statements concerning (a) 
the potential for drug quality problems, the need for care in drug manufac- 
turing, and the surveillance of products entering the market, and (b) the 
general low level of therapeutic inequivalence somehow are mutually con- 
tradictory positions. But such is not the case. 


Simply stated, APhA has clearly recognized that drug products must be 
produced with appropriate care if they are to perform at the level of potency, 
safety, and uniformity expected of them; but at the same time, it is APhA’s 
assessment that the comprehensive system of laws, regulations, programs, 
and other elements in the drug production, marketing, and surveillance net- 
work results in a very high level of drug quality experience. The net effect of 
this is that problems in general, and of therapeutic equivalency in particular, 
are rarely encountered. 


But APhA also recognizes that our generally favorable experience to date 
is directly based upon the effective functioning of the overall drug regulatory 
system. And future success will be dependent upon continued functioning at 
the same level a t  least. For this reason, the Association maintains a close 
watch on the system itself, as well as on proposals to change or modify it. If it  
is felt that any such proposed change could have the effect of weakening this 
system, the Association has not hesitated to voice its concern. 


On this basis-and again at  some risk of being misunderstood or misinter- 
preted-APhA presented its concern most recently before the HEW Review 
Panel on New Drug Regulation this past May. In particular, the Associa- 
tion’s comments were intended to ensure that no gap would be permitted to 
develop between the time that the abbreviated NDA system might be re- 
laxed and the time that the so-called “old drug monograph” system is insti- 
tuted and becomes effective. In short, APhA believes our present drug 
supply is of good quality, and we intend to do all that we can to see that it 
stays that way! 
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Excretion of the Active Principle of 
Catha edulis (Miraa) in Human Urine 


C. K. MAITAI *x  and G. M. MUGERA * 


Abstract 0 d-Norpseudoephedrine, a central stimulant present in 
Catha edulis, is excreted unchanged in human urine. The alkaloid 
was detected in urine 30-50 min after ingestion of synthetic d- 
norpseudoephedrine, and trace amounts of the drug could still be 
detected 24 hr later. Approximately 40% of ingested d-norpseudoe- 
phedrine was recovered in urine in the first 6 hr. 


Keyphrases 0 Catha edulis-urinary excretion of d-norpseudoe- 
phedrine after mastication, humans 0 d- Norpseudoephedrine- 
urinary excretion after mastication of Catha edulis, hu- 
mans 0 CNS stimulants-urinary excretion of d-norpseudoephe- 
drine after mastication of Catha edulis, humans 


Catha edulis Forsk. (Celastraceae) is an evergreen 
shrub, which usually is about 3-7 m tall but can grow 
to a height of 18 m under favorable climatic and soil 
conditions. It is found in the Eastern part of Africa, 
from Ethiopia to South Africa, and in Arabia. In 
Kenya, the plant is cultivated on a commercial scale 
on the slopes of Mount Kenya in the Nyambeni Divi- 
sion of the Meru District. The shoots of this plant are 
masticated while fresh to combat mental fatigue, 
allay hunger, and generally induce euphoria (1). The 
earliest recorded direct reference to the use of Catha 
was in a 1237 (2) prescription for relief of depression. 
Alles et al. (3) showed that the central stimulant ac- 
tivity of Catha can be attributed wholly to its d-  
norpseudoephedrine content. 


Information gathered irom those who masticate 
Catha indicated that the effect on the central ner- 
vous system is biphasic, i .e.  initial stimulation fol- 
lowed by a compensatory phase of depression (4). It 
was reported that it is necessary to chew the material 
continuously for sustained mental stimulation, an ef- 
fect that could be interpreted to mean that the mate- 
rial is rapidly eliminated from the body. A literature 
survey has not revealed any study of the elimination 
of d- norpseudoephedrine from the human body and, 
accordingly, this aspect was investigated. Since most 
phenylalkylamine derivatives are eliminated through 
the renal route (5), the present study was restricted 


to investigation of the presence of d-norpseudoephe- 
drine and metabolites in urine. 


EXPERIMENTAL 


Each of four human volunteers was requested to masticate three 
bundles of Catha material at a rate of about two bundles per hour 
and to submit samples of urine at  predetermined intervals. The 
average weight of a fresh bundle of Catha material was 80.6 g, of 
which 70-80% was ingested; the rest, a fibrous residue, was dis- 
carded. The volunteers had only drunk milk in the morning and 
were requested to give samples of urine just before the experiment 
and thereafter at  the following intervals: 0.5-1, 1-2, 2-4,6-8,8-12, 
12-15, and 15-24 hr. No food or beverage was consumed in the 
first 6 hr of the experiment, but the volunteers were encouraged to 
drink water freely so as to promote frequent voiding of urine. 


Qualitative examination of urine for d-norpseudoephedrine and 
metabolites was carried out as follows. To each urine sample (usu- 
ally 20-50 ml) was added 1-2 ml of saturated lead acetate solution 
and, after thorough mixing, centrifugation was performed to re- 
move any precipitate. The urine was acidified with 0.1 N sulfuric 
acid, and any precipitate of lead sulfate was removed by centrifu- 
gation. The acidic supernatant liquid was extracted with an equal 
volume of ether three times to remove organic acids and neutrals. 


The aqueous phase (urine) was made alkaline with 2 N sodium 
hydroxide and then saturated with sodium chloride and extracted 
with an equal volume of ether for 8 hr. Preliminary work had 
shown that the “salting-out’’ process with sodium chloride im- 
proves the percentage recovery of d-norpseudoephedrine from 
urine considerably. This extraction was repeated three times, and 
the combined ether extract was washed twice with 2 ml of 2.5% so- 
dium bicarbonate solution and dried with anhydrous sodium sul- 
fate. The ether was then distilled off, and the basic residue was ex- 
amined by TLC and GLC techniques. 


This experiment was repeated using synthetic d-norpseudoe- 
phedrine. Approximately 30 mg was accurately weighed, dissolved 
in a small volume of water, and given to each of four human volun- 
teers with urine samples collected as described previously. 


Examination of residues for d-norpseudoephedrine and metabo- 
lites using TLC was carried out as follows. Residues were taken up 
in 2 ml of ether, and approximately 2-5 fil was spotted on a TLC 
plate coated with silica gel. Approximately 5 11  of the following ref- 
erence compounds was also spotted on the same plate as the resi- 
due: 1-ephedrine, d-pseudoephedrine, and d-norpseudoephedrine. 
Plates were developed in one of the following solvent systems: A, 
butanol-acetic acid-water (6015:25); B, butanol saturated with 
water (upper phase); C, methanol-ammonia (100:1.5); or D, isopro- 
panol-water-ammonia (80:15:5). The spots were revealed by ex- 
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Table I-R, Value of Basic Residue Isolated from Urine of 
Persons W h o  H a d  Consumed C. edulis Compared to  t h a t  
of Closely Related Compounds 


Solvent 


Compound  A B C D 


d-Norpseudoephedrine 0 .61 0 . 3 1  0 . 4 7  0 . 8 0  
Basic residue from urine 0.61 0 . 3 1  0 . 4 7  0.80 
[-Ephedrine 0.53 0 . 2 6  0 . 3 9  0 . 7 5  
d-Pseudoephedrine 0.53 0 . 2 6  0 . 3 9  0 .75 


posing the plates to iodine vapor and, after warming to remove io- 
dine, the plates were sprayed with either ninhydrin or iodoplati- 
nate reagents (6). 


The basic residue from urine was also examined with a gas chro- 
matograph’ equipped with a flame-ionization detector. The GLC 
column used was stainless steel, 0.3 cm (0.125 in.) o.d, 1.5 m in 
length, and packed with Celite CQ (100-120 mesh) coated with 3% 
methyl silicone gum (0V- l2) .  The column was conditioned for 12 
hr under the following operating conditions: oven temperature, 
150”; detector temperature, 150O; hydrogen pressure, 17 psi; air 
pressure, 12 psi; and nitrogen flow rate, 50 ml/min. 


In the quantitative estimation of the alkaloid recovered from 
urine, the residue was dissolved in ether and diluted to 2 ml in a 
standard flask. A fixed volume, usually 5 11, was injected into the 
column using a 10-11 syringe3. The amount of compound present 
was calculated from the area under the curve by comparison with 
the area of a standard amount of d-norpseudoephedrine subjected 
to a similar extraction procedure. Preliminary experiments were 
done to establish the percentage recovery of d-norpseudoephe- 
drine from urine under specified conditions. 


RESULTS 


Only one compound was detected in urine from humans who 
had consumed Catha material or synthetic d-norpseudoephedrine, 
and this compound had the same Rf value (TLC) as reference d- 
norpseudoephedrine in all solvent systems used (Table I). Similar- 
ly, the retention time (GLC) for the basic compound isolated from 
urine was the same as that for d-norpseudoephedrine (Fig. 1). This 
basic compound was first detected in urine 30-50 min after inges- 
tion of d-norpseudoephedrine, and trace amounts could still be de- 
tected 24 hr later when the experiment was discontinued. 


The percentage recovery of d-norpseudoephedrine from control 
urine was 84.6 (6.2 SD).  Since the amount of drug excreted in the 
urine within any specified interval was very small, i t  was necessary 
to comhine two or three residue fractions for the purpose of quan- 
titative estimation of the drug in urine with GLC. The peaks ob- 
tained when d-norpseudoephedrine was injected into the column 
were symmetrical and reproducible to within 10% for each urine 
sample. Approximately 40% of d-norpseudoephedrine was recov- 
ered in urine within the first 6 hr. The percentage of d-norpseu- 
doephedrine excreted in urine varied considerably between the 
four individuals and even in the same individual at different times, 
but the values were always within the range of 30-40%. 


Hydrolysis of urine (acidified with 2 N hydrochloric acid) by 
heating under reflux in a boiling water bath for 1 hr before extrac- 
tion did not alter the results, an indication that conjugation is not 
an important metabolic pathway for d-norpseudoephedrine. 


DISCUSSION 


Since the basic residue recovered from urine of humans who 
consumed Catha material had the same Rf value as d-norpseudoe- 
phedrine in four different solvent systems and had the same reten- 
tion time (GLC), it is logical to assume that the two compounds 
are identical. 


&Norpseudoephedrine is a polar basic compound; consequently, 
a large percentage of the free base would not be reabsorbed from 


Pye Unicam gas chromatograph P.S. 104. 
Supplied by Pye Unicam Ltd., Cambridge CBI 2PX. England. 
Hamilton. 
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Figure 1 Retention time for: A, basic residue from urine 
(4 .1);  B ,  d-norpseudoephedrine (4 .1 ) ;  C, amphetamine (1.6); 
D, 1-ephedrine (4 .7);  and E, d-pseudoephedrine (4 .7) .  


L - I  l m i n  


the glomerular filtrate. This expectation is consistent with results 
obtained in the present work in which the drug was detected in 
urine 30-50 min after oral administration. Elimination of many 
drugs from the body follows a first-order kinetic rate; therefore, 
even though the drug might appear in urine soon after administra- 
tion, the elimination process often continues for a long period. Re- 
search work has shown that amines of the ephedrine series are ex- 
creted unchanged (7). Excretion of drugs in urine after oral admin- 
istration depends on the time course of absorption and distribu- 
tion. In addition, urinary pH and output might influence the quan- 
titative excretion of the drug. Since both urinary pH and output 
fluctuate considerably throughout the day, the amount of drug ex- 
creted also can be expected to fluctuate, even in the same individu- 
al. 


Central stimulation by amphetamine-like substances is invari- 
ably accompanied by a compensatory phase of depression, but the 
exact mechanism by which central stimulation gives way to de- 
pression is not understood (8). Information received from people 
who chew Catha material indicates that the onset of mental fa- 
tigue sometimes occurs very suddenly. Continuous ingestion of the 
drug should forestall the onset of central depression, and this is 
apparently what happens in people who masticate C. edulis con- 
tinuously, sometimes for more than 12 hr. 
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No, the Journal did not get put together backwards. However, our readers 
may think so at  first, because this month the editorial page is devoted to dis- 
cussion of a new pharmacy book, and, as most readers know, our book review 
section is found at  the end of each month’s issue rather than at  the begin- 
ning. 


But the book in point is one that warrants some attention and, even more 
important, some thoughtful reflection. 


As books go-especially compared with the scholarly tomes familiar to 
most of our readers-this volume does not present a particularly impressive 
appearance. If anything, its appearance belies its content, since it is little 
more than a pocket volume of 116 pages, with large size type and lots of 
white space on the relatively small pages. 


What sets it apart, however, is the message it delivers-a message that is 
virtually a call to revolution in pharmacy. The volume is titled “The Four 
Walls of Pharmacy,” and it is subtitled “Professional Power with and for 
the People.” 


Moreover, if its title and message set it apart, what stamps i t  with the seal 
of credibility is the identity of its authors. No wild-eyed, long-haired disciple 
from some radical, left-wing organization was responsible for its preparation. 
To the contrary, the senior author is none other than Henry M. Burlage, 
Ph.D., pharmaceutical scientist, long-time dean of the College of Pharmacy 
at the University of Texas, and pharmacy teacher for over 50 years. The coau- 
thor is his son, Robb K. Burlage, a Harvard-trained authority in economics, 
who has spent over a decade in specialized activities as a health economist. 


The cover flap, in somewhat of an understatement, asserts: “This book 
will surely provoke those in pharmacy and related fields, for no point of de- 
bate is left untouched. . . . Challenging old-fashioned thinking, the authors 
categorically state: ‘Pharmacy needs lobbyingpower . . . .’ ” 


The “four walls” alluded to in the title refer to the Drug Industry (Wall I), 
Education (Wall II), the “Medical Team” (Wall III), and Government (Wall 
IV). 


The authors waste no time in exposing their assessment of the drug indus- 
try, subtitling this chapter “The Noble Exploiters” and claiming in their 
opening paragraph that “ethical” is a nice word to go with drugs, but in the 
corporate or drug industry realm “it is a farce.” Finally, they conclude this 
chapter by explaining that the industry is discussed as their first “wall of the 
pharmacists’ captivity” because it dominates directly as well as indirectly 
through each of the other three “walls” mentioned above. 


In turn, attention is then focused on each of these other realms and the 
role they play and have played in constraining, restricting, and thwarting 
pharmacy in its effort to attain its potential as a profession and in its ability 
to serve the best interests of the public. Moreover, other related activities in 
the pharmacy sphere come in for their lumps as well; regarding state boards 
of pharmacy-“In all too many cases, the appointments are political in pay- 
ment for support”; regarding the “captive pharmacy press”-because of the 
dependency upon advertising income, “it is questionable whether the press 
of the state associations and some representing the national associations is a 
free press”; and the hypocrisy of pharmacy organizations which take in 
members who engage in the very activities that the organization was estab- 
lished to oppose. 


Therefore, while no facet of the pharmacy universe escapes either caustic 
comment or a t  least a critical eye, it is the assessment of pharmacy education 
and pharmaceutical research that is most pertinent to the majority of our 
readers. And again, our traditional systems and accepted approaches are 
questioned and challenged. For example: “The senior author, for fifty years 
a pharmaceutical educator, placed his early faith, along with many of his 
colleagues, in the potentiality of scientific education to reconstruct profes- 
sional practice. And yet pharmacy as a public interest profession, despite 
vital scientific and organizational progress, is today more trapped by the 
‘Four Walls’ than before.” 


In their final chapter, “Tumbling Down the Walls,” a series of recommen- 
dations is offered which the authors claim must be implemented to bring 
about positive professional responsibility in pharmacy. The first of these pol- 
icy reforms challenges us: “To end commercial domination of pharmaceuti- 
cal research and development and commercial domination of the education/ 
orientation basis of pharmacy practice . . . .” And the second challenges us: 
“To end second-class educational responsibility of pharmacy on the health 
team . . . .” Other challenges are given, and a number of specific recommen- 
dations are presented with regard to accomplishing each. 


Lest our comments be misinterpreted, we are not necessarily approving or 
endorsing the content of this volume. We do, however, feel that the authors 
are correct that major and fundamental changes are necessary throughout 
pharmacy-including education, research, and drug manufacturing-if 
pharmacy is to fulfill its proper role in society. And it just may be that some, 
if not most, of the authors’ comments are right on target! -EGF 








Nature of Anionic or a-Site of Cholinesterase 


HANS-DIETER HOLTJE*x and LEMONT B. KIER* 


Abstract 0 The nature of the so-called anionic binding site of 
acetylcholinesterase was investigated using a technique called re- 
ceptor mapping using model interaction calculations. The results’ 
support the suggestion that coulombic forces play only a minor 
role in the binding event a t  this enzyme site. 


Keyphrases 0 Acetylcholinesterase-anionic binding studied, re- 
ceptor mapping using model interaction calculations, role of cou- 
lombic forces 0 Binding sites, acetylcholinesterase-anionic bind- 
ing site, receptor mapping using model interaction calculations, 
coulombic forces Enzymes, acetylcholinesterase-theoretical 
studies on nature of anionic binding site 0 Receptor mapping 
using model interaction calculations-theoretical studies on na- 
ture of anionic binding site of acetylcholinesterase II Coulombic 
forces-role in binding of acetylcholinesterase, anionic site 


The widely held view (1) concerning the active fea- 
tures of cholinesterase is that two principal regions 
exist, a catalytic or esteratic site and a binding or an- 
ionic site. The esteratic site is thought to be a serine 
residue, engaging in acylation with acetylcholine or a 
similar ester. This site can be phosphorylated or car- 
bamylated, leading to a slowly dissociable ester and, 
hence, to effective inhibition of the enzyme. The 
binding site is that region of the enzyme near the est- 
eratic site capable of interacting or binding to the 
onium groups of acetylcholine or similar compounds. 
It has been postulated that this feature is anionic, 
since the complimentary onium group of the sub- 
strate bears a net positive charge. This interaction 
was presumed to involve an ion-pair. In addition to 
an ionic component, Wilson (1) postulated a signifi- 
cant role for dispersion forces. 


DISCUSSION 


In a recent treatise, O’Brien (2) discussed work leading to some 
new views on the nature of the binding site and proposed that 
binding sites exist on cholinesterase, each responsive to different 
types of substrates or inhibitors. O’Brien renamed the classical an- 
ionic site the a-site. This enzyme feature must bind to acetylcho- 
line for hydrolysis to occur. Other sites, B and 7, are engaged by 
different classes of inhibitors. 


From accumulated evidence, O’Brien made a case for the view 
that the a-site is not ionic but is a region of the enzyme (side 
chain) essentially nonpolar in character and engaging in a noncou- 
lombic interaction with the onium group of acetylcholine. Specifi- 
cally, O’Brien proposed two alternatives to the general view of an 
anionic a-site: (a) an a-site composed of an inducible dipole which 


RECEPTOR 


Scheme I-Drug-receptor model showing binding features A 
and B locked at A ‘  and B’, respectively, and distance D be- 


tween receptor feature X and onium group 


O., 


D . . . ._ . .  
c-o< 


CH 
H3 3 


Scheme 11-Mode of interaction between acetic acid-ion a n d  
acetylcholine model 


forms an ion-induced dipole with the acetylcholine onium group, 
or (b) a completely nonpolar a-site engaging in van der Waals in- 
teraction with the acetylcholine onium residue. 


Some insight into these three possibilities may be gained using a 
theoretical approach recently employed by Kier and Aldrich (3) 
and Holtje and Kier (4, 5). This approach, referred to as receptor 
mapping using model interactions calculations, involves the calcu- 
lation of interaction energies (electrostatic, polarization, disper- 
sion, and repulsion) between a series of reactive or biologically ac- 
tive molecules and a group of model compounds simulating a vari- 
ety of likely receptor or enzyme active site moieties. These 
moieties are models derived from amino acid side chains. 


The assumption has been made that the receptor or enzyme ac- 
tive site is composed of a constellation of amino acid side chains. It 
is also assumed that one amino acid side chain is the dominant 
structural feature engaging a particular part of the substrate mole- 
cule or drug pharmacophore. 


The problem is then to calculate the interaction energy between 
a structural feature under study in the drug or substrate molecule 
and a model compound simulating a possible receptor or enzyme 
active site. By performing these calculations on a series of drugs or 
substrates in which a variation in structure has been introduced at 
the moiety under study, a pattern of interaction energies can be 
obtained for each of several candidates for the receptor or active 
site. An attempt is made to correlate the trend in calculated inter- 
action energies with a catalytic reactivity index or a biological 
property. The better the correlation, the more reasonable is this 
candidate for the receptor or active site. 


Two concepts of enzymatic rate enhancement lead to the belief 
that  the binding of a structural feature, remote from the catalyzed 
structure of the substrate, can have a direct bearing on the rate of 
reaction. The concept of catalysis by induction of strain, developed 
by Jencks (6), views the substrate as going through significant 
structural alteration as it is transformed through a transition state 
while bound at the enzyme active site. The binding forces probably 
vary as a function of these structural changes. At some point in the 
conversion of substrate to product, these binding forces are maxi- 
mal. If the binding is maximal when the substrate reaches the 
transition state for the rate-determining step, a powerful driving 
force for the reaction could be provided. In effect, the enzyme is 
using a potential binding energy to help force the substrate toward 
the critical transition state structure. It is felt that  these strain 


Scheme IIl-Mode of interaction between benzene a n d  acetyl- 
choline model 
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Scheme IV-Mode of interaction between ethane (R = H) 
and tert-butane (R = CH3) and acetylcholine model 


forces involve noncovalent forces between enzyme and substrate. 
Such could be the role of structural features on a substrate, remote 
'from the region of catalytic change. 


A second concept of enzymatic rate enhancement is called sub- 
strate anchoring (7). Based upon nuclear magnetic evidence, sub- 
strates have a relatively long residence time at  the active sites of 
enzymes. This binding as a complex is believed to be capable of ac- 
celerating the reaction rate by factors between lo6 and lo9. The 
concept presumes that the anchoring of a substrate to the enzyme 
greatly increases the probability of the formation of an activated 
complex, thereby increasing the reaction rate by large factors. The 
role of substituent groups on a substrate, remote from the region of 
catalytic change, could provide this anchoring. 


Further significance can be attached to a correlation if the as- 
sumption is made that, in a series of drugs or substrates, the ratio, 
p,  of any two activities in a series is related to the difference in 
strength of binding of the feature under study by the expression 
AE = -RT In p. The better the calculated AE values in a series fit 
to the experimental p values, the more realistic is the model of the 
receptor or active site. 


It is assumed that the mode of approach of the structural fea- 
ture under study is constrained to a single mode of approach to the 
receptor model because of other points of binding between drug or 
substrate and receptor or enzyme (Scheme I). The calculations of 
interaction energies are thus made for a single mode of approach, 
varying the distance between the two molecules. 


It is clearly recognized that simplifying assumptions and idealiz- 
ing conditions are made. In reality, the receptor may be a region 
rather than a single moiety. The significance of these results may 
lie in the creation of a reasonable model which, although not prov- 
en to be reality, is isomorphic with reality. The value of such an 
isomorphic model lies in its abilities to explain and to predict. 


EXPERIMENTAL 


The calculations used were developed (8) and described pre- 
viously (3-5). This approach was utilized in the first example of 
the prediction of a molecular conformation, specifically prosta- 
glandin El (9). 


In this study, a series of acetylcholine derivatives in which the 
onium group was successively replaced by tert- butyl, isopropyl, 
ethyl, and methyl groups was selected. The reactivity against cho- 
linesterase in terms of percentage of acetylcholine hydrolysis rates 
was measured in two separate studies (10). 


The models simulating the a-site were chosen to reproduce the 


Table I-Interaction Energies (Kilocalories per Mole) 
Calculated between Acetic Acid-Ion a n d  Acetylcholin- 
esterase Substrate Models" 


Distance, A (Scheme 11) 


R 3.50 3.75 4 .O 4.25 


k (CHd 3 12.50 11.49 9.99 8.51 
C (CH3)3 3.48 4.26 4.04 3.49 


CHzCH, 2.68 2.64 2.32 1.94 
CH3 2.49 2.01 1.61 1.31 


CH(CHdz 3.09 3.45 3.18 2.74 


Table 11-Interaction Energies (Kilocalories per Mole) 
Calculated between Benzene and  Acetylcholinesterase 
Substrate Models" 


Distance, k (Scheme 111) 


R 5 . O  5.25 5 .5  5.750 


h(CH3)3 3.05 2.55 2.08 1.68 
C(CH,), 1.32 1.21 1.01 0.82 
CH(CH,\, 1.05 0.94 0 -78 0 -6.1 
CH~CH;' - 0.77 0.66 0.54 0.43 
CH3 0.48 0.39 0.30 0.24 


Scheme I11 shows one typical mode of interaction liisted in the table: 
R = +N(CHa)a Set of values at this distance used to calculate the per- 
centage of hydrolysis (Table V). 


Table 111-Interaction Energies (Kilocalories per Mole) 
Calculated between &&-Butane a n d  Acetylcholin- 
esterase Substrate Models" 


Distance, k (Scheme IV) 


R 5.75 6 . O  6 .25 6 .5b 


&(CH3)3 3.27 2.75 2.27 1.87 
C (CH.313 1.20 1.07 0 .89 0.71 
CH(CH3)z 0.95 0.83 0.69 0.55 
CHzCHa 0.70 0.60 0.48 0.39 
CHz 0.44 0.35 0.27 0.22 


=Scheme IV shows one typical mode of interaction listed in the table: 
R = +N (CHd3. b Set of values at this distance used to calculate the percent- 
age of hydrolysis (Table V). 


three proposed modes of interaction, i.e., a carboxylate group (ace- 
tic acid) participating in an ionic interaction, a benzene ring par- 
ticipating in an ion-induced dipole interaction, and a tert- butyl 
(2,2-dimethylbutane) and methyl (ethane) group participating in a 
completely noncoulombic van der Waals interaction. 


The modes of approach of the parent acetylcholine molecule and 
each model are shown in Schemes 11-IV. The optimum distance 
separating the substrate model and the receptor model was chosen 
so that the entire series presented the best correlation with the hy- 
drolysis rates. The distance separating the a-carbon atom of each 
member of the substrate series and the active site model was as- 
sumed to be constant for each test case of intermolecular distance. 
This is based on the assumption that the distal part of the mole- 
cule binds significantly to its complimentary feature (Scheme I), 
so that no matter what is appended on to the ethyl chain, the dis- 
tance separating the active site from the a-methylene group will be 
constant. 


RESULTS 


The interaction energies of the model systems are given in Ta- 
bles I-IV. 


Using the thermodynamic formula AE = -RT In p ,  the percent- 
age of hydrolysis for the series of noncationic congeners compared 


Table IV-Interaction Energies (Kilocalories per Mole) 
Calculated between Ethane and  Acetylcholinesterase 
Substrate Models" 


Distance, d (Scheme IV) 
R 5 .Ob 4.75 4.5 4.25 


k(CH3)3 2.02 2.51 2.98 3.16 
C(CH,), 0.86 1.01 0.98 0.32 
CH(CH,), 0.67 0 .80 0.82 0.45 
CH2CH3 0.48 0.59 0.67 0.56 
CHz 0.28 0.37 0.49 0.66 


"Scheme I1 shows one typical mode of interaction listed in the table: 
+N(CHI)I. b Set of values at this distance used to calculate the per- R = 


centage of hydrolysis (Table V). 


=Scheme IV shows one typical mode of interaclion Listed in the table: 
R = +N(CHs)a. bSet of values at this distance used to calculate the per- 
centage of hydrolysis (Table V). 
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Table V-Experimental a n d  Calculated Hydrolysis Rates (Percent) Relative t o  Acetylcholine 


R 


~~~ 


Experimental  


Calculated from Model 


Acetate  Benzene tert-Butane Ethane 


1ooa 100b 
24 60 
14 24 
7 16 
3 10 


100 100 100 100 
4.37 x 10-6 25 15 15 
2.4 x 18 12 11 
1.23 x 13 9 8 
0.91 x 10-6 10 7 6 


100 100 100 100 
4.37 x 10-6 25 15 15 
2.4 x 18 
1.23 x 13 
0.91 x 10-6 10 


12 11 
9 8 
7 6 


Horse plaama choliesterase. b Human erythrocytes chobesteraae. 


to a 100% hydrolysis rate for the acetylcholine model was calculat- 
ed. For this purpose, the set of data that fits best in view of the bi- 
ological data was chosen for each model approach. Table V shows 
the values obtained together with the experimental hydrolysis 
rates of human erythrocytes and horse plasma cholinesterase. 


Table V shows clearly that the anionic a-site model cannot ex- 
plain the rather moderate differences in activity between the cat- 
ionic and the noncationic acetylcholinesterase substrates, where- 
as the three uncharged a-binding site models behave much more 
realistically in terms of the hydrolysis rates. These results support 
the suggestion of O’Brien (2) that  an anionic binding site is not a 
good assumption. The benzene model provides the best fitting set 
of values in this series, but the superiority over the two nonaroma- 
tic a-site models is not significant enough to  decide clearly be- 
tween an ion-induced dipole or a van der Waals interaction bind- 
ing mechanism. However, the results of this study make an ion- 
induced dipole interaction at the n-binding site of the acetylcholin- 
esterase, typified by a benzene ring, most likely. 
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Microbiological Determination of Drug Partitioning IV: 
Drug-Protein Interactions 


S .  JAVIDAN * and ROBERT G. MRTEK Sx 


Abstract The protein binding characteristics of chlorampheni- 
col, furazolium chloride, benzalkonium chloride, and phenylmer- 
.curic nitrate were described from their partitioning behavior in 
gelatin-acacia complex coacervate systems. Although the parti- 
tioning was determined by two different methods (microbiological 
and chemical), the microbiological method was more reliable for 
this type of investigation. Drug-protein parameters were calculat- 
ed for the four antimicrobials. The advantages of the coacervate 
systems over other models for protein binding studies of drugs are 
discussed. 


Keyphrases 0 Protein binding characteristics-chloramphenicol, 
furazolium chloride, benzalkonium chloride, and phenylmercuric 
nitrate, partitioning behavior in gelatin-acacia complex coacervate 
systems, microbiological determination 0 Drug-protein interac- 
tions-microbiological determination of drug partitioning, gelatin- 
acacia complex coacervate systems, four antimicrobial agents 


Drug partitioning-microbiological determination, drug-protein 
interactions, gelatin-acacia complex coacervate systems 0 Micro- 
biology-determination of drug partitioning, drug-protein inter- 
actions, four antimicrobials, gelatin-acacia complex coacervates 


Binding of drugs to the protein constituents in bio- 
logical systems has been demonstrated to have a tre- 
mendous effect on the ultimate action of drugs in 
these systems (1). Different model systems, including 
dialysis membranes (2-5), lipid-like organic solvents 
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(6-lo), more polar liquids (11-18), and other types of 
systems (19-331, have been used in the study of pro- 
tein binding drugs. The use of organic solvent sys- 
tems for the study of protein binding involves the 
tacit assumption that the organic solvents closely 








OPEN FORUM 


Transepidermal Water Loss 
Ryan and Mezei’ recently reported interesting and important 


data on the effect of polysorbate 85 on the transepidermal water 
loss from human skin. They found that the transepidermal water 
loss was increased by repeated treatments with a 10% blend of 
polysorbate 85 in petrolatum USP above that resulting from a 
control utilizing only petrolatum USP. The data failed to disclose 
whether or not the transepidermal water loss was reduced by 
repeated inunction with petrolatum USP, an effect that may 
obscure the significance of the data presented. 


The significance of their findings is further complicated by the 
fact that the skin of the subjects was washed with “soap and 
water” prior to the measurement, because the degree of removal of 
petrolatum by soap and water may be influenced by the presence 
(or absence) of the nonionic surfactant. The fact that cosmetic 
emulsions have a tendency to increase the transepidermal water 
loss was reported as early as 1957 by Powers and Fox2, and an 


explanation of this finding has been a problem for many years. 
We recently attempted to explain3 why a preparation that 


increases the transepidermal water loss in uitro relieves the 
drying-chapping syndrome during clinical testing. Until a valid 
explanation of these paradoxical findings is available, it appears 
premature to conclude that “. . . increased water loss through the 
skin . . .” may result in “. . . dry skin . . . .” 
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New Compounds: Fatty Acid and Long Chain Hydrocarbon 
Derivatives Containing a Strong Chelating Agent 


WILLIAM C. ECKELMAN *SX, STEPHEN M. KARESH *, and RICHARD C. REBA *$ 


Abstract Fatty acid and long chain hydrocarbon analogs that 
contain a strong chelating group were synthesized as part of an ef- 
fort to determine if the biological function of the fatty acid can be 
used to transport metallic isotopes to the myocardium. 


Keyphrases Fatty acid analogs containing chelating groups- 
synthesis, potential radiopharmaceutical imaging agents 0 Chelat- 
ing agents-synthesis of fatty acid and long chain hydrocarbon an- 
alogs 


Radiolabeled fatty acid analogs have been suggest- 
ed as myocardial imaging agents for the detection of 
myocardial infarcts. Preliminary results with radioio- 
dinated fatty acids indicate that infarcts can be de- 
tected by external counting of the emitted y-rays 
(1-3). However, a combination of poor physical prop- 
erties and expense has prevented the widespread use 
of any of the various isotopes of iodine in the com- 
pounds. 


A technetium compound (99mT~, t 112 6 hr, 140 kev 
gamma) would overcome these problems, because 
technetium possesses ideal physical properties and 
ready availability (4). However, the direct labeling of 
molecules with technetium usually does not create 
strong chemical bonds (5, 6). (Carboxymethy1)imino- 
bis(ethylenenitri1o)tetraacetic acid (I) forms the most 
stable 99mT~ chelate' known a t  this time (7), and 
even this chelate appears to dissociate to a small ex- 
tent in uiuo (8). Therefore, any chelating group that 
is less stable than the I group will create a weak che- 
late which would dissociate and result in complicated 
in uiuo distribution. However, if I could be attached 
to a biological substrate such as a fatty acid in such a 
way as not to diminish the biological activity, then 
this new biological compound would possess both a 
functional group to bind technetium and a functional 
group to bring about localization in the myocardium. 


It is not the intent to produce a strict analog of a 
fatty acid, but rather a molecule that is taken up in 
the myocardium as a fatty acid but is not completely 
metabolized as such. This type of molecule apparent- 
ly could produce even higher concentrations of the 
radioisotope in the myocardium than the concentra- 
tion reached by the rapidly metabolized fatty acid (9, 
10). This hypothesis appears to be true for radioiodi- 
nated cholesterol localization, which is used for exter- 
nal visualization of the adrenal glands (11). 


Previous work has shown that alkylating agents 
can successfully be delivered to hormone responsive 
tissue by binding the alkylating agent to steroid hor- 
mones (12-14). 


The group of compounds in this study contain ei- 


1 *Tc-Diethylenetriaminepentaacetic acid (DTPA). 


ther I or an (ethylenedinitri1o)tetraacetic acid2 (11)- 
like structure linked to a fatty acid or long chain hy- 
drocarbon moiety. Ester derivatives of I1 have been 
prepared by the reaction of excess alcohol with an 
acid catalyst (15) and by the reaction of the dianhy- 
dride of I1 and an alcohol (16). No similar derivatives 
of I have been prepared. The preparation of monoes- 
ter derivatives of I1 and I has not been reported. 
These monoderivatives would possess the optimal 
chelating strength. 


Substitution on the nitrogen atom of I-like struc- 
tures can be obtained by reacting ethylenediamine or 
diethylenetriamine with the appropriate alkyl bro- 
mide before carboxymethylation. The synthesis 
of (N-n-octyl)iminobis(ethylenenitrilo)tetraacetic 
acid has been reported (17). 


Four classes of compounds have been synthesized 
(V-VII; IX and X; XI and XIII; and XIV), and all 
have been shown? to chelate strongly carrier-free ra- 
dioisotopes such as 57C0, 99mT~, and l13"'In. 


EXPERIMENTAL 


The physical properties4 of the compounds are given in Table I; 
elemental analyses5 are given in Table 11. 
N-n-Hexadecyldiethylenetriamine Trihydrochloride (111)- 


A solution of diethylenetriamine (50 ml, 0.5 mole) and n-bromo- 
hexadecane (30.6 g, 0.10 mole) in ethanol (50 ml) was heated to re- 
flux. A solution of sodium hydroxide (4.5 g) in water (6 g) was 
added dropwise over 5 min, and then the mixture was refluxed for 
3 hr. The product was extracted into the organic layer after addi- 
tion of n-butanol (40 ml), benzene (40 ml), and water (200 ml). 
The organic layer was washed twice with water, dried, and distilled 
at 180" a t  0.05 mm pressure. The product was dissolved in ether 
(200 ml) and converted to the trihydrochloride with dry hydrogen 
chloride gas. The precipitated product was washed with ether. 
N-n-Octadecyldiethylenetriamine Trihydrochloride (1V)- 


A solution of diethylenetriamine (50 ml, 0.50 mole) and n-bro- 
mooctadecane (33.3 g, 0.10 mole) in ethanol (50 ml) was reacted 
according to the procedure for 111. 
(n-Dodecyl)iminobis(ethylenenitrilo)tetraacetic Acid Mo- 


nohydrate (V)-A solution of sodium chloroacetate (15.4 g, 0.132 
mole) and 4-n-dodecyldiethylenetriamine (10 g, 0.037 mole) was 
heated at 50" for 6 hr at pH 11.0 f 0.5, maintained by the addition 
of sodium hydroxide (18). A 1.0-ml aliquot of the reaction mixture 
was titrated at pH 12 with 0.100 N calcium chloride solution to the 
permanent turbidity end-point, bsing sodium oxalate as the indi- 
cator. The reaction mixture was then adjusted to the chelation 
concentration that titrates 80 mg of calcium carbonatdm1 of solu- 
tion. Sulfuric acid (1:4) was added to the solution a t  80' to a final 
pH of 2.6, and the solution was seeded with a crystal of I and 
cooled overnight a t  5". The precipitate was washed with water. 
(o-Hexadecyl)iminobis(ethylenenitrilo)tetraacetic Acid 


Ethylenediaminetetraacetic acid (EDTA). 


Determined with the following instruments: Thomas-Hoover capillary 
melting-point apparatus (melting points are uncorrected), Perkin-Elmer 
model 337 grating infrared spectrophotometer. and Varian model A-60A 
spectrometer. Potentiometric titrations were performed using a Corning 
glass electrode, a Corning model 8 pH meter, and a Heathkit chart recorder. 


3 Unpublished data. 


Performed by F. Kasler, University of Maryland. 
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Table I-Physical Properties of N e w  Compounds 


Compound Yield, % Recrystallization Solvent Melting Point  IR Da ta ,  cm 


I11 50 Water-isopropanol (4: 1) 257-258" 1605, 2850, 2890 
I V  37 Water-isopropanol (4: I) 251-254 O 1605, 2850, 2890 
V 55 Water-isopropanol (4: 1) 159-160' 1640, 1730, 2850 


V I  64 Water-isopropanol (4: 1) - 1650, 1730, 2848 
V I I  62  Water-isopropanol (4: 1) ._ 1650, 1730, 2848 


V I I I  95 Insoluble 193-195; dec. 1760, 1810, 1130 
IX 49 Benzene 103-104 1740, 1750, 2850 
X 50 'Benzene 105-106" 1740, 1750, 2850 


XI 80 Methanol  149-15; O 1600, 1730, 2850 
XI1 67 E t h y l  acetate 94-95 1685, 2850, 2910 


XI11 72 Methanol  148-151" 1620, 1720, 2850 
X I V  6 Water-isopropanol (4: 1) 160-161 O 1655, 1740, 2850 
X V  84 Insoluble 182" dec. 1780, 1830, 2960 


Table 11-Elemental Analysis of New Compounds 


Calculated, % Found,  % 
~ Molecular ~~ ~- ~~ 


Compound Formula C H N C rI N 


I11 C20HryClaNs 5 4 . 9 7  11 .07  9.61 55 .25  1 1 . 2 2  9 . 3 0  
IV CzJLzCIJ'Ja 56 .82  11 .27  9 . 0 4  56 .97  11 .24  8 . 7 8  
V CwHmNTOn 55 .26  9.08 8.06 55 75 9 1 1  8 09 ~ ._ ~. ._ ~~ ~. 


V I  C;,H;;N~O;~ 56 .45  9.64 7 . 0 5  5 6 . 9 1  9 . 4 7  6 . 8 5  
V I I  CaoH,iNaOio 57 .76  9 . 8 5  6 . 7 4  58 .25  9 . 7 0  6 . 7 0  


V I I I  CroHizN2Os 46 .87  4 . 7 3  1 0 . 9 3  46 .68  4 . 8 8  10 .82  
IX C~~H;;N;O~ 67 .38  10 .74  3 . 9 3  6 7 . 4 1  11 .02  3 . 8 0  x C ~ J L R N ~ O ,  6 8 . 7 1  11.01 3 .64  68.95 11.30 3 . 5 0  
XI C ~ O H ~ ~ N Z O ~ ? . : ~  6 1 . 4 3  9 . 4 0  3.58 61.23 9.80 3 . 6 4  


XI1 Ci6H3203 70.52 1 1 . 8 4  7 0 . 6 6  12 .05  ~- 


XI11 C ~ ~ H ~ ~ N ~ O I Z  62 .97  9.56 3 . 5 0  6 2 . 8 7  9 . 7 4  3 . 2 5  
X I V  CzyHuNzOi1 55 .52  8 . 4 9  6 . 9 4  5 5 . 4 7  8.58 7 . 1 8  xv Ci r Hi &sOs 47.06 5 . 3 6  1 1 . 7 4  46.25 5 . 3 7  11.46 


Dihydrate (V1)-Compound 111 (23.1 g, 0.053 mole), sodium chlo- 
roacetate (37.5 g, 0.32 mole), and Na2C03. 10H20 (30.5 g, 0.110 
mole) were dissolved in water (100 ml) and heated at  95" for 24 hr 
(19). The product was isolated as for V. 
(n-Octadecyl)iminobis(ethylenenitrilo)tetraacetic Acid 


Dihydrate (VI1)-A solution of IV (24.6 g, 0.053 mole), sodium 


CH., 
I 


(kH>) \  
1 -  / \NCH,CH,-N-CH~CH~N 


CH,-COOH HOOC--CH, 


HOW-CH, / \CH,-C,OOH 
v: x =11 


VI: x = 15 
VII: x = 17 


CH,--COOH HOOC-H,C\ / /NCH,CH,N 


IX: x =15 
x: x = 17 


H;$C- (CH,),OOC-H,C \cH,-coo+cH~),-cH,, 


HOOC( CH, ).yOOC- H2C, ,CH2-COqCH,),COOH 
/NCHZCH,N 


XI: x = 14 
XIII: x = 15 


CO,H 


C i d b  


HOOC-H,C \CH?-COOH 


I 
HOOC-CH, I ,CH,COOH 


-'NCH~CH*-N- CH,CH,N 
HOOC-CH, / 'CH~OOH 


XIV 


chloroacetate (37.5 g, 0.320 mole), and NaZC03. lOHzO (30.5 g, 
0.110 mole) was dissolved in water (100 mi) and then heated at  95' 
for 24 hr. The product was isolated as for V. 


Dianhydride of I1 (VI1I)-Compound I1 (182 g, 0.71 mole) was 
suspended in pyridine (300 g), acetic anhydride (260 g, 2.54 moles) 
was added, and the mixture was stirred at  6 5 O  for 24 hr. The prod- 
uct was filtered, washed with acetic anhydride and ether, and 
dried. 


N,N'-Dihexadecyl Ester of I1 (1X)-A mixture of the dianhy- 
dride of I1 (32 g, 0.125 mole) and n-hexadecanol (60.5 g, 0.250 
mole) in benzene (315 ml) was refluxed for 24 hr and then filtered 
hot. The collected precipitate was washed with boiling benzene, 
and the total filtrate was cooled to produce the crystalline product. 


N,N'-Dioctadecyl Ester of I1 (X)-A mixture of the dianhy- 
dride of I1 (32 g, 0.125 mole) and n-octadecanol (67.5 g, 0.250 
mole) in henzene (315 mi) was refluxed for 24 hr, and the product 
was isolated according to the procedure for IX. 
N,N'-Di(l4-carboxytetradecyl) Ester  of I1 (Hemihydrate) 


(XI)-A mixture of 15-hydroxypentadecanoic acid (2.50 g, 0.010 
mole) and the dianhydride of I1 (1.00 g, 0.004 mole) in benzene (15 
ml) was refluxed for 18 hr. The precipitate was filtered, washed 
with boiling benzene, and dried. 


16-Hydroxypalmitic Acid (XI1)-A solution of juniperic acid 
lactone (9.1 g, 0.036 mole) in ethanol (10 g) was mixed with sodium 
hydroxide (5 N, 25 ml) and water (25 ml) and refluxed for 4 hr. 
The reaction mixture was washed with ethyl acetate and then acid- 
ified with 6 N HC1 to pH 1.00. The product was then extracted 
into ethyl acetate. 


N,N'-Di( 15-carboxypentadecyl) Ester of I1 (XII1)-A solu- 
tion of XI1 (1.506 g, 0.006 mole) in benzene (15 ml) was mixed with 
the dianhydride of I1 (0.707 g, 0.003 mole) and refluxed for 16 hr. 
The resulting precipitate was filtered, washed with boiling ben- 
zene, and dried. 
N - (15 - Carboxy - 9 - pentadecenyl)iminobis(ethglenenitrilo)- 


tetraacetic Acid Monohydrate (XIV)-A solution of 16-bromo- 
9-hexadecenoic acid (10 g, 0.030 mole) and diethylenetriamine 
(16.5 rnl, 0.150 mole) was mixed in ethanol (15 mi) and heated to 
reflux. A solution of sodium hydroxide (1.5 g) in water (1.8 g) was 
added dropwise Over 5 min, and reflux was continued for 4 hr. The 
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product was isolated as the trihydrochloride according to the pro- 
cedure for 111. I t  was then carboxymethylated according to  the 
procedure for V. 
(Carboxvmethvl)iminobis(ethvlenenitrilo)tetraacetic Acid 


Dianhydride6 (XVj-Compound-I (39.3 g, 0:lO mole) was sus- 
pended in pyridine (50 g), and acetic anhydride (40.8 g, 0.40 mole) 
was added. The mixture was heated a t  65” for 24 hr. The product 
was filtered, washed with acetic anhydride and ether, and dried. 
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Nonclassical Phase Transfer 
Behavior of Phenylbutazone 


Keyphrases 0 Phenylbutazone-nonclassical phase transfer be- 
havior, pH and buffer effects, dissolution and ionization rates 
o Dissolution-phenylbutazone, nonclassical phase transfer be- 
havior Ionization-phenylbutazone, nonclassical phase transfer 
behavior 


To the Editor: 


Lovering and Black (1, 2) recently alluded to the 
nonclassical behavior of phenylbutazone in its trans- 
fer through a dimethylsiloxane membrane and 
through an everted rat intestine as a function of pH. 


I measured the ionization rates of phenylbutazone 
in aqueous buffered solution ( p  = 0.1) a t  25 f 0.2O 
using a stopped-flow spectrophotometer’ and found 


Durrum stopped-flow spectrophotometer with a thermostated cell and 
syringes maintained at 25 f 0.2O. 


the protonation of the phenylbutazone anion and the 
deprotonation of phenylbutazone to be noninstan- 
taneous2. As expected, both protonation and depro- 
tonation were highly dependent on the pH of the so- 
lution as well as buffer concentration. 


As an example, the half-life for the deprotonation 
of phenylbutazone (taken to zero buffer concentra- 
tion) a t  pH 5.5 was 55 msec and it was 67 msec a t  pH 
7.0. The half-life for protonation at  pH 3.5 was 10.3 
msec, while a t  pH 4.0 it was 22.6 msec. Phenylbuta- 
zone is a carbon acid3 of pKa 4.50-4.70 (3-5), and the 
ionization rates of carbon acids are slow relative to 
the approximately diffusion-controlled ionization 
rates of other acids (6-10). 


Apart from the phase transfer anomalies noted 
here, the chemical properties of carbon acids often 
show anomalies when compared to other acids. For 
example, carbon acids show large negative deviations 


The word noninstantaneous is used to describe phenomena taking place 
at rates considerably slower than the diffusion-controlled limit of -2 X 1010 
M-I  sec-1. 


Carbon acids are acids in which the dissociating proton is bound to a 
carbon atom instead of a heteroatom such as oxygen or nitrogen. 
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No, the Journal did not get put together backwards. However, our readers 
may think so at  first, because this month the editorial page is devoted to dis- 
cussion of a new pharmacy book, and, as most readers know, our book review 
section is found at  the end of each month’s issue rather than at  the begin- 
ning. 


But the book in point is one that warrants some attention and, even more 
important, some thoughtful reflection. 


As books go-especially compared with the scholarly tomes familiar to 
most of our readers-this volume does not present a particularly impressive 
appearance. If anything, its appearance belies its content, since it is little 
more than a pocket volume of 116 pages, with large size type and lots of 
white space on the relatively small pages. 


What sets it apart, however, is the message it delivers-a message that is 
virtually a call to revolution in pharmacy. The volume is titled “The Four 
Walls of Pharmacy,” and it is subtitled “Professional Power with and for 
the People.” 


Moreover, if its title and message set it apart, what stamps i t  with the seal 
of credibility is the identity of its authors. No wild-eyed, long-haired disciple 
from some radical, left-wing organization was responsible for its preparation. 
To the contrary, the senior author is none other than Henry M. Burlage, 
Ph.D., pharmaceutical scientist, long-time dean of the College of Pharmacy 
at the University of Texas, and pharmacy teacher for over 50 years. The coau- 
thor is his son, Robb K. Burlage, a Harvard-trained authority in economics, 
who has spent over a decade in specialized activities as a health economist. 


The cover flap, in somewhat of an understatement, asserts: “This book 
will surely provoke those in pharmacy and related fields, for no point of de- 
bate is left untouched. . . . Challenging old-fashioned thinking, the authors 
categorically state: ‘Pharmacy needs lobbyingpower . . . .’ ” 


The “four walls” alluded to in the title refer to the Drug Industry (Wall I), 
Education (Wall II), the “Medical Team” (Wall III), and Government (Wall 
IV). 


The authors waste no time in exposing their assessment of the drug indus- 
try, subtitling this chapter “The Noble Exploiters” and claiming in their 
opening paragraph that “ethical” is a nice word to go with drugs, but in the 
corporate or drug industry realm “it is a farce.” Finally, they conclude this 
chapter by explaining that the industry is discussed as their first “wall of the 
pharmacists’ captivity” because it dominates directly as well as indirectly 
through each of the other three “walls” mentioned above. 


In turn, attention is then focused on each of these other realms and the 
role they play and have played in constraining, restricting, and thwarting 
pharmacy in its effort to attain its potential as a profession and in its ability 
to serve the best interests of the public. Moreover, other related activities in 
the pharmacy sphere come in for their lumps as well; regarding state boards 
of pharmacy-“In all too many cases, the appointments are political in pay- 
ment for support”; regarding the “captive pharmacy press”-because of the 
dependency upon advertising income, “it is questionable whether the press 
of the state associations and some representing the national associations is a 
free press”; and the hypocrisy of pharmacy organizations which take in 
members who engage in the very activities that the organization was estab- 
lished to oppose. 


Therefore, while no facet of the pharmacy universe escapes either caustic 
comment or a t  least a critical eye, it is the assessment of pharmacy education 
and pharmaceutical research that is most pertinent to the majority of our 
readers. And again, our traditional systems and accepted approaches are 
questioned and challenged. For example: “The senior author, for fifty years 
a pharmaceutical educator, placed his early faith, along with many of his 
colleagues, in the potentiality of scientific education to reconstruct profes- 
sional practice. And yet pharmacy as a public interest profession, despite 
vital scientific and organizational progress, is today more trapped by the 
‘Four Walls’ than before.” 


In their final chapter, “Tumbling Down the Walls,” a series of recommen- 
dations is offered which the authors claim must be implemented to bring 
about positive professional responsibility in pharmacy. The first of these pol- 
icy reforms challenges us: “To end commercial domination of pharmaceuti- 
cal research and development and commercial domination of the education/ 
orientation basis of pharmacy practice . . . .” And the second challenges us: 
“To end second-class educational responsibility of pharmacy on the health 
team . . . .” Other challenges are given, and a number of specific recommen- 
dations are presented with regard to accomplishing each. 


Lest our comments be misinterpreted, we are not necessarily approving or 
endorsing the content of this volume. We do, however, feel that the authors 
are correct that major and fundamental changes are necessary throughout 
pharmacy-including education, research, and drug manufacturing-if 
pharmacy is to fulfill its proper role in society. And it just may be that some, 
if not most, of the authors’ comments are right on target! -EGF 








Table V-Experimental a n d  Calculated Hydrolysis Rates (Percent) Relative t o  Acetylcholine 


R 


~~~ 


Experimental  


Calculated from Model 


Acetate  Benzene tert-Butane Ethane 


1ooa 100b 
24 60 
14 24 
7 16 
3 10 


100 100 100 100 
4.37 x 10-6 25 15 15 
2.4 x 18 12 11 
1.23 x 13 9 8 
0.91 x 10-6 10 7 6 


100 100 100 100 
4.37 x 10-6 25 15 15 
2.4 x 18 
1.23 x 13 
0.91 x 10-6 10 


12 11 
9 8 
7 6 


Horse plaama choliesterase. b Human erythrocytes chobesteraae. 


to a 100% hydrolysis rate for the acetylcholine model was calculat- 
ed. For this purpose, the set of data that fits best in view of the bi- 
ological data was chosen for each model approach. Table V shows 
the values obtained together with the experimental hydrolysis 
rates of human erythrocytes and horse plasma cholinesterase. 


Table V shows clearly that the anionic a-site model cannot ex- 
plain the rather moderate differences in activity between the cat- 
ionic and the noncationic acetylcholinesterase substrates, where- 
as the three uncharged a-binding site models behave much more 
realistically in terms of the hydrolysis rates. These results support 
the suggestion of O’Brien (2) that  an anionic binding site is not a 
good assumption. The benzene model provides the best fitting set 
of values in this series, but the superiority over the two nonaroma- 
tic a-site models is not significant enough to  decide clearly be- 
tween an ion-induced dipole or a van der Waals interaction bind- 
ing mechanism. However, the results of this study make an ion- 
induced dipole interaction at the n-binding site of the acetylcholin- 
esterase, typified by a benzene ring, most likely. 
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Microbiological Determination of Drug Partitioning IV: 
Drug-Protein Interactions 


S .  JAVIDAN * and ROBERT G. MRTEK Sx 


Abstract The protein binding characteristics of chlorampheni- 
col, furazolium chloride, benzalkonium chloride, and phenylmer- 
.curic nitrate were described from their partitioning behavior in 
gelatin-acacia complex coacervate systems. Although the parti- 
tioning was determined by two different methods (microbiological 
and chemical), the microbiological method was more reliable for 
this type of investigation. Drug-protein parameters were calculat- 
ed for the four antimicrobials. The advantages of the coacervate 
systems over other models for protein binding studies of drugs are 
discussed. 


Keyphrases 0 Protein binding characteristics-chloramphenicol, 
furazolium chloride, benzalkonium chloride, and phenylmercuric 
nitrate, partitioning behavior in gelatin-acacia complex coacervate 
systems, microbiological determination 0 Drug-protein interac- 
tions-microbiological determination of drug partitioning, gelatin- 
acacia complex coacervate systems, four antimicrobial agents 


Drug partitioning-microbiological determination, drug-protein 
interactions, gelatin-acacia complex coacervate systems 0 Micro- 
biology-determination of drug partitioning, drug-protein inter- 
actions, four antimicrobials, gelatin-acacia complex coacervates 


Binding of drugs to the protein constituents in bio- 
logical systems has been demonstrated to have a tre- 
mendous effect on the ultimate action of drugs in 
these systems (1). Different model systems, including 
dialysis membranes (2-5), lipid-like organic solvents 
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(6-lo), more polar liquids (11-18), and other types of 
systems (19-331, have been used in the study of pro- 
tein binding drugs. The use of organic solvent sys- 
tems for the study of protein binding involves the 
tacit assumption that the organic solvents closely 







simulate the functioning biological system. Such an 
assumption has always been questioned and has been 
rejected outright by several investigators. Additional- 
ly, the study of drug-protein interactions by the use 
of dialysis membrane systems requires corrections 
due to the adsorption of drugs to the membranes and 
the charge deposited on such membranes. 


The advantages of complex coacervate systems as 
appropriate biomodels have been emphasized by sev- 
eral investigators (34-58); several of these systems 
have already been used in drug partitioning studies 
(34, 59-62). Therefore, it seems that complex coacer- 
vate systems offer more dependable models for 
studying drug-protein interactions. Javidan and 
Mrtek (62) studied the partitioning of chlorampheni- 
co1, phenylmercuric nitrate, benzalkonium chloride, 
and furazolium chloride in gelatin-acacia complex 
coacervate systems using chemical and biological 
methods. In this work, ,&values for the protein bind- 
ing of these four antimicrobials are calculated from 
the partition coefficients of these substances in the 
gelatin-acacia complex coacervate systems. 


EXPERIMENTAL 


The organisms, culture media, preparation of coacervate sys- 
tems, and methods of determination of partition coefficients were 
exactly the same as reported previously (60-62). Escherichia coli 
Blr (ATCC 23227), Pseudomonas aeruginosal, and Staphylococ- 
cus aureusl were used as test organisms. Difco E.C., BHI media, 
and a defined medium (63) were used for the growth of microorga- 
nisms. 


During their exponential growth, organisms were introduced to 
a sample of the equilibrium liquid layer of a coacervate system 
containing drug. From the rate of the growth of the microorgan- 
ism, as determined from particle counter measurements2, the con- 
centration of drug in the coacervate layer was determined. By 
means of suitable mathematic relationships, the partition coeffi- 
cient was calculated. In the chemical determination of partition- 
ing, the amount of drug was analyzed in a sample taken directly 
from the equilibrium layer of the system, and partition coefficients 
were calculated in a similar way as for the microbiological system. 


RESULTS AND DISCUSSION 


The partition coefficients of chloramphenicol, benzalkonium 
chloride, furazolium chloride, and phenylmercuric nitrate were de- 
termined as described previously (62). b-Values were calculated 
using the following equation (3): 


PD p = -  
Dt 


where PD shows the moles of the protein-bound drug and D, is the 
total amount of drug in the system. Figures 1-4 show the results. 


From Fig. 1,  it is apparent that  0 is at a maximum for chloram- 
phenicol when the partition coefficient approaches a constant 
value of 21.9. This value indicates that, of a total 6750 pg of 
chloramphenicol in the coacervate system, 61% is retained in the 
coacervate layer. Chloramphenicol is reported to be bound to plas- 
ma proteins to an extent of 45-60% (1,64-67). Figure 1 shows that, 
with increasing amounts of chloramphenicol in the system, the 
partition coefficient of chloramphenicol and, correspondingly, its 
@-values increased to a maximum. When 1800 pg of chlorampheni- 
col was present in the system, the derivative of the curve in Fig. 1 
was a maximum, thereby indicating the drug concentration where 


I Culture Collection, Department of Microbiology, College of Medicine, 


2 Coulter. 
Ilniversity of Illinois a t  the Medical Center, Chicago, IL 60680 
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Figure 1-Protein binding of chloramphenicol i n  gelatin- 
acacia coacervate system. Key: 0, determined by S. aureus; 
0, determined by E. coli B/r; and lower curve, derivative func- 
tion D’ 8. 


binding seemed to be most complete. When the amount of drug in 
the coacervate system exceeded 1800 pg, the differential curve fell 
off. 


Similarly with benzalkonium chloride, the partition coefficient 
in the coacervate system was quite high with relatively small 
amounts of drug in the system (<lO,OOO pg). Above this amount of 
drug, the partition coefficient decreased as the amount of benzal- 
konium chloride was increased. When the partition coefficient 
values plateaued a t  high amounts of drug (40,000 pg), 22.6% of the 
drug in the system was bound in the coacervate phase. The appar- 
ent decrease in partition coefficient is attributed to the inordinate- 
ly larger amounts of benzalkonium chloride accumulated in the 
equilibrium phase, which may have been due to the micellization 
of benzalkonium chloride. Free monomers partition in favor of mi- 
celles above the critical micelle concentration (CMC). It is suggest- 
ed that above 30,000 pg of drug in the system, the micelles were 
large so that any added monomer to the system could not partici- 
pate in the aggregation process; therefore, the drug once again par- 
titioned in favor of the coacervate phase. At about 15,000 pg of 
drug in the system [the minimum point on the derivative curve D’ 
(PC) in Fig. 21, it is postulated that the rates of protein binding in 
the coacervate phase and micellization are equal. 


Autian (68) studied the binding effects of benzalkonium chlo- 
ride in plastics and concluded that the concentrdtion of the bound 
drug increased up to the vicinity of the CMC and then decreased. 
Although Autian’s studies were made in different model systems, 
his results (69) followed the same pattern as described in this 
study. When the partition coefficient approached a constant value, 
22.66% of the benzalkonium chloride was retained in the coacer- 
vate phase. 


The protein binding of benzalkonium chloride already has been 
reported by several investigators (70-81). A number of workers 
have noted that some quaternary ammonium compounds were 
more active than many other germicides when tested in the pres- 
ence of serum proteins (82, 83). In 1945, Tice and Pressman (70) 
investigated the effect of benzalkonium chloride on anionic and 
cationic gelatin and reported that anionic gelatin forms a coacer- 
vate with benzalkonium chloride, while cationic gelatin does not. 
These investigators commented that cationic gelatin not only does 
not inactivate benzalkonium chloride but augments its antibacteri- 
al activity. 
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Figure 2-Protein binding of benzalkonium chloride in gela- 
tin-acacia coacervate system. Key:  0, determined by p. 
aerughosa; @, determined by S .  aureus; and lower curve, 
derivative function D' p. 


Protein binding of cationic nitrofurans like furazolium chloride 
was reported to be about 10% (81). From Fig. 3, it can be seen that 
when the partition coefficient approached a constant value of 2.28, 
0-values became 13.9%; i.e., the amount of drug in the coacervate 
phase was 13.9% of the total amount of drug in the system. This 
value is acceptably close to a reported value (81). A closer exami- 
nation of Fig. 3 reveals that when less than 480 pg of drug was 
present in the system, the increase in the partition coefficient was 
attributed to the protein binding of furazolium chloride in the co- 
acervate phase. It could be postulated that micellization occurred. 
when the amount of furazolium chloride in the system exceeded 
480 pg. Since the molecules of furazolium chloride participated in 
the micellization process above the CMC, the partition coefficient 
and, consequently, the &values decreased. 


Above 6000 pg of drug in the system, the curves in Fig. 3 are 
analogous to those determined with benzalkonium chloride. As a 
matter of fact, Fig. 3 can be considered to represent a combination 
of Figs. 1 and 2; i .e.,  two ongoing processes-binding and micelle 
formation-are involved. Furazolium chloride did not show any 
measurable aggregation below 480 pg, making that portion of the 
curve similar to Fig. 1, and it underwent micellization above 480 
pg, making the curve similar to Fig. 2. Paul and Paul (84) showed 
from in uiuo studies that the amount of nitrofuran bound to plas- 
ma protein in rats did not appear to be affected by the plasma con- 
centration of the drug. The drug is apparently distributed very 
rapidly and the increase in plasma concentration of the drug is not 
as great as would be expected for a proportionate increase in dos- 
age. 


It would appear from Fig. 4 that the molecules of phenylmercur- 


O J  
0.05 0.1 0.5 1 5 10 50 100 


FURAZOLIUM CHLORIDE IN EACH SYSTEM, rng 


Figure 3-Protein binding of furazolium chloride in gelatin- 
acacia coacervate system. Key:  0, determined by E. coli B / r ;  
@, determined by S .  aureus; A, determined by P. aeruginosa; 
and lower curve, derivative function D' p. 
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Figure 4-Protein binding of phenylmercuric nitrate in 
gelatin-acacia coacervate system. Key:  0, determined by E. 
coli B / r ;  and @, determined by S .  aureus. 


ic nitrate underwent some type of aggregation in the equilibrium 
phase. The partition coefficient of phenylmercuric nitrate ap- 
proached a constant value of 5.0, and the &value was 26%. 


The partitioning (as well as protein binding) of four antimicro- 
bials was measured microbiologically in this study; however, mi- 
crobiological measurement of drug partitioning and protein bind- 
ing need not be confined only to antimicrobials (85-88). As long as 
a drug substance is capable of exhibiting any type of biological ac- 
tivity, it is a candidate for this type of study. There are always or- 
ganisms that are responsive to the pharmacological effect that a 
compound exerts. In this manner, vitamins, toxic materials, nutri- 
ents, etc., can be partitioned in coacervate systems and measured 
microbiologically. Complex coacervates can be formed from almost 
any protein below its isoelectric point. For this reason, the coacer- 
vate model system described here for gelatin should be extended to 
a variety of more important proteins in an attempt to study the 
protein binding of biologically significant substances. 


Although the @-value is the most reliable parameter for the 
study of protein binding, parameters such as r and K are calculat- 
ed in some instances. Calculation of r, the average moles of bound 
drug per mole of protein, and K, the intrinsic association constant 
of drug-protein interaction, could be accomplished by employing 
the following equations: 


1000M(T - aV,) 
198m X lo6 r =  


M(T - aV,) 
aVJ98,OCOm - M(T - aV,) (Es. 3) K =  


where M and rn are the molecular weights of the protein and the 
drug, respectively; (I is the concentration of drug in the equilibri- 
um liquid; Vz is the volume of the equilibrium liquid; and 2' is the 
total amount of drug in the system. 


The calculation of protein binding constants from partition 
coefficients obtained with heptane-water systems has been per- 
formed by several investigators (11-17, 84). But studies utilizing 
systems such as chloroform-water, octanol-water, or heptane- 
water suffer from the lack of similarity with biological systems. Co- 
acervate systems should offer more dependable models for the 
study of drug-protein interactions. The similarities between proto- 
plasm and aqueous complex coacervates have been emphasized. 
Takruri (34) suggested that complex coacervates might serve as bi- 
ological models, although the difference between biological sys- 
tems (protoplasm) and coacervates is admittedly substantial. Nat- 
urally one shortcoming of the model is that  biological systems are 
dynamic, but coacervate systems are essentially static. These dif- 
ferences between protoplasm and coacervates are, however, quali- 
tatively and quantitatively much less than those between proto- 
plasm and chloroform, heptane, olive oil, or other pure solvents. 


The advantage of complex coacervate systems over other meth- 
ods for studying protein binding must include several important 
considerations: 


1. In the method of equilibrium dialysis, the protein molecule is 
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required to be sufficiently large to be selectively retained by the 
dialysis membrane. The limits of this method preclude studies in- 
volving the binding properties of protein fragments and polypep- 
tides, while in coacervate systems no such molecule or configura- 
tional constraints are imposed. 


2. In binding studies with drugs using dialysis membranes, a 
significant correction usually must be made for drug adsorption by 
the membrane (11). Under certain circumstances the variability of 
this correction leads to a lower precision in the determination of 
the amount of drug actually bound to the protein than the usual 
analytical method permits. 


3. Whenever the protein carries a net electrostatic charge, it is 
the usual practice to add dialyzable electrolytes to minimize the 
so-called Donnan effect. In the case of serum albumins, at least, 
this procedure is particularly undesirable because these proteins 
bind even the simplest anion such as chloride. As a result, the pro- 
tein charge is altered, usually to an unknown extent. 


4. By varying the protein components and other physical char- 
acteristics, coacervate systems can be specially designed for a vari- 
ety of proteins and small molecules. 


5. The fact that the equilibration can be established in coacer- 
vate systems by centrifugation for 10 min suggests relative speed 
as another advantage of coacervate systems over dialysis mem- 
branes in the study of drug-protein binding. 


6. Measurement of protein binding in organic systems such as 
heptane-water (11) and octanol-water (14-16) does not detect the 
difference in ionic properties of drugs, while coacervate systems 
seem to serve these subtle yet important purposes. In this study 
the relationship between the coacervate-equilibrium liquid parti- 
tion coefficient of a compound and its protein binding parameter r 
could be obtained from the following equation: 


198,000rm 
pc = QV,M (Eq. 4) 


By assuming that all drug molecules in the coacervate phase are 
bound to protein, the only requirement for determination of r is a 
knowledge of the approximate or average molecular weight of drug 
compounds and the protein molecules. 


The usefulness of coacervates as drug-protein binding models 
should become a subject for further study. To this end, one could 
replace, entirely or in part, the equilibrium liquid from drug- 
bound systems with equilibrium liquids from similar systems con- 
taining no drug. The subsequent determination of drug concentra- 
tion in the new equilibrium liquid may provide useful information 
concerning the amount of free (or reversibly bound) drug in the co- 
acervate phase. 
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Transformation of 
2,2’-Anhydro-1 -P-D-arabinofuranosylcytosine 
Induced by Hydrogen Peroxide 


KIYOMI KIKUGAWA 


Abstract 0 2,2’-Anhydro-l-~-D-arabinofuranosylcytosine (I) is a 
more potent and less toxic antineoplastic agent than is cytarabine 
(1-6-D-arabinofuranosylcytosine) (11). The anhydronucleoside (I) 
was found to be readily transformed by hydrogen peroxide into 
2,2’-anhydro-5-hydroxy-l-~-~-arabinofuranosylcytosine (111) by 
treatment with 0.025 M hydrogen peroxide a t  a neutral and slight- 
ly basic pH range (pH 6-9) and a t  room temperature. It was con- 
verted into non-UV-absorbing substance(s) by hydrogen peroxide 
a t  an alkaline pH (pH 11). Since hydrogen peroxide is produced by 
redox reactions in all living cells, it may be responsible for the al- 


teration of I. Such transformations by hydrogen peroxide were not 
observed with cytarabine. 


Keyphrases 0 2,2’-Anhydro-l-B-o-arabinofuranosylcytosine- 
hydrogen peroxide-induced transformation, compared to cytara- 
bine reaction Hydrogen peroxide-induced hydroxylation-reac- 
tions with anhydronucleoside 2,2’-anhydro-l-P-D-arabinofurano- 
sylcytosine and cytarabine 0 Antineoplastic agents-hydrogen 
peroxide-induced transformation of 2,2’-anhydro-l-fl-~-arabino- 
furanosylcytosine, compared to cytarabine 


2,2’-Anhydro-l-P-D-arabinofuranosylcytosine1 (I) Although the anhydronucleoside was first prepared 
is a more potent and less toxic antineoplastic agent by Walwick et al. (7), its chemical properties have 
than is cytarabine2 (1 -P-D-arabinofuranosylcytosine) not yet been sufficiently investigated. 
(11) with experimental tumors (1-5). Evidence of the The anhydro linkage of this nucleoside, although 
clinical effectiveness of this anhydronucleoside stable in acid, is hydrolyzed in solutions of increased 
against acute leukemia was recently documented (6). hydroxyl-ion concentration to afford I1 (7, 8). Other 


chemical transformations of this anhydronucleoside 
under the possible biological conditions have not 
been reported. This paper deals with the transforma- 


’ Cyclocytidine. 
Previously named cytosine arahinoside or arabinosylcytosine. 


424 1 Journal of Pharmaceutical Sciences 








Journal of 
Pharmaceutical 
h l .  Sciences JUNE 1975 


VOLUME 64 NUMBER 6 


REVIEW ARTICLE 


Percutaneous Absorption 


BERNARD IDSON 


Keyphrases Percutaneous absorption-review of in uitro and 
in uivo penetration methods, skin transport, physicochemical fac- 
tors, sorption promoters Absorption, percutaneous-review of in 
uitro and in uivo penetration methods, skin transport, physico- 
chemical factors, sorption promoters 0 Skin transport-review of 
percutaneous absorption 


CONTENTS 


Methods for Studying Percutaneous Absorption . . . . . . . . . . .  .902 
In Vitro Methods ..................................... 902 


Excised Skin ...................................... .902 
Penetration into Models ............................ .903 


In Viuo Methods .................................... .903 
Histological Studies ................................ .903 
Tracers. .......................................... .903 
Analysis of Body Fluids or Tissues . . . . . . . . . . . . . . . . . . .  .904 
Elicitation of Biological Responses . . . . . . . . . . . . . . . . . . .  .904 


Skin Transport ........................................ 905 
Epidermal Barrier ................................... .905 
Barrier Reservoir .................................... .906 
Epidermal Diffusion ................................. .906 


Routes of Skin Penetration ............................. .907 
Factors in Percutaneous Absorption ..................... .909 


Skin Condition ...................................... .909 
Skin Age ............................................ 909 
Increased Blood Flow. .. ......................... 909 


......................... 909 
Species Variation .................................... .910 
Hydration ........................................... 910 
Temperature ......................................... 911 
Drugconcentration ................................... 911 
Solubility Characteristics of Penetrant . . . . . . . . . . . . . . . . . .  .912 
Molecular Characteristics of Penetrant. ....... 
Vehicles ............................................ .914 


Sorption Promoters .................................... .919 


Regional Skin Sites . . . .  


Dimethyl Sulfoxide .................................. .919 
Surfactants ......................................... .920 


References ............................................. 921 


The skin, the largest organ of the body, is under 
constant assault by numerous chemical and physical 
agents. New synthetic chemicals, toxic gases and liq- 
uids from chemical warfare research, environmental 
and industrial hazards, cosmetics, and topical medi- 
caments penetrate the protective epidermis, produc- 
ing either local or systemic toxicity. 


Much work has been done to elucidate skin struc- 
ture, physiology, barrier properties, and the mecha- 
nisms by which substances enter and cross the skin 
(1). Yet only in the last 2 or 3 decades has the scien- 
tific study of percutaneous absorption moved from 
emphasizing descriptive detail to correlating physico- 
chemical factors in attempts to understand which 
molecules may be expected to breach the skin bar- 
rier. Studying the types of epidermis involved, the 
nature of the biochemical and physiological activities 
of the epidermis, and the epidermal barrier unit 
should indicate how to manipulate structure to cause 
selective and effective permeability. 


In particular, valuable information on the influ- 
ence of vehicles is just beginning to evolve. The po- 
tential exists for developing vehicles that will enable 
the drug to reach the site of action rapidly and main- 
tain a sufficient concentration at the site for the re- 
quired length of time. With increased understanding 
of percutaneous absorption, we can expect to see the 
advent of singularly effective new topical drugs- 
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drugs incorporated into precisely designed delivery 
systems which fully exploit the potentialities of the 
drug for treatment of specific disease states (2,3). 


A major problem in the study of percutaneous ab- 
sorption is the interpretation of results of previous 
investigators, since the permeability of mammalian 
skin has interested scientists from differing disci- 
plines (4). It is difficult and dangerous to draw valid 
conclusions and comparisons due to the use of vari- 
ous test systems, in uitro and in uiuo models, various 
times and modes of application of material, and sev- 
eral species from mice to humans. The results have 
been expressed in many different ways; each worker 
has been anxious to express the data so as to eluci- 
date his or her own problem without making assump- 
tions about the mechanism. 


This review attempts to draw together the more 
significant work. No attempt is made at  cataloging 
the extensive literature. Reference 1 is the authorita- 
tive treatise up to 1954, and several fine reviews are 
available (2-18). 


METHODS FOR STUDYING PERCUTANEOUS 
ABSORPTION 


Percutaneous absorption has been studied in many 
ways, but the varied techniques do not give compara- 
ble quantitative data. Few of them determine the av- 
enues of penetration, and rarely is the ultimate depo- 
sition of the penetrating substance accurately made 
clear. Progress in the area of transport through the 
skin has been slowed by the absence of good method- 
ology. Since the amount of penetrating material is so 
small, good quantitative microtechniques must be 
available. Often a physiological yardstick, such as va- 
soconstriction or vasodilatation, has been used to 
quantitate penetration. Limited availability of tissue 
for in uitro experiments also has slowed progress. Yet 
the techniques are improving and have yielded valu- 
able data on the routes of absorption, the barriers to 
absorption, the degree of systemic absorption after 
topical application, and the effects of various physi- 
cal and chemical parameters. Numerous methods for 
studying percutaneous absorption have appeared (1, 
2,5,7,9,14, 19-37). 


The methods can be divided into in uitro and in 
viuo procedures involving two general types of test 
systems. The former involves excised skin in diffu- 
sion chambers; the latter employs the skins of the liv- 
ing animal or human subject in situ. Some investiga- 
tors have access to surgical skin specimens or to 
freshly obtained skin of human cadavers and can ob- 
tain epidermis with its complete stratum corneum by 
separation from the dermis. 


Those who lack these sources resort to the pres- 
sure-sensitive tape-stripping technique for removing 
sheets of stratum corneum, of about 15 pm thickness, 
for use in diffusion cells (38). It is rarely possible to 
remove the stratum corneum entirely in this way, but 
most of this layer can be obtained. The stripping 
technique enables one to work with human skin 
membranes whose resistance to penetration closely 
resembles that of the entire thickness of the epider- 
mis. Cantharadin-blistered skin may be used if it 


contains no holes. Indeed, the intactness of any skin 
preparation should be confirmed by microscopic ex- 
amination prior to and after conducting a diffusion 
study. 


The disadvantage of the excised skin technique is 
that it does not reflect the role of the skin in uivo; but 
if the main barrier to percutaneous absorption is 
viewed as a semipermeable membrane, then the re- 
sults obtained are acceptable. When comparable in 
uivo and in uitro experiments have been performed, 
almost comparable results have been obtained (39- 
41). Scheuplein (42) observed that when the extant 
data on skin permeability are considered in the light 
of both steady-state and transient diffusion, much 
apparently conflicting data can be resolved. I n  uitro 
measurements of skin permeability are invariably 
measurements of steady-state rates if for no other 
reason than it is usually impossible to detect concen- 
trations within the first few minutes. 


Thus, previous measurements (25,35,43) are all of 
steady-state fluxes and are in agreement about the 
paramount role of bulk diffusion through the unbro- 
ken stratum corneum. On the other hand, in uiuo per- 
meability measurements are rapid measurements and 
often depend on biological end-points sensitive to ex- 
tremely small concentrations (44-46). The in uiuo re- 
sults show only that shunt diffusion is predominant 
in the early transient stage of diffusion. This area will 
be explored more fully in the Skin Transport section. 


The advantage of in uitro procedures is the abso- 
lute control obtained of environment, allowing the 
demonstration of the importance of individual fac- 
tors in determining percutaneous absorption of a par- 
ticular substance. These in uitro results may point 
the way for further in uiuo work. If their outcome 
supports animal and human experimental findings, 
they may have a useful place in the screening of new 
products without the difficulties usually involved 
with in uiuo methods. Marzulli et al. (26) sought to 
develop data through excised human skin in diffusion 
cells first and then to study skin absorption in human 
subjects. 


The main objection to the use of the living animal 
or human subjects is that this method measures skin 
penetration by indirect means. For example, the test 
substance is applied to the skin and penetration is es- 
timated by what is recovered in the urine. In such a 
system, it is not possible to find out to what extent 
the penetrant agent is metabolized as it traverses the 
skin en route to the bloodstream. Furthermore, a cor- 
rection must be made for the storage of the penetrant 
in body organs. This storage correction is often ob- 
tained by measuring urinary recovery of the pene- 
trant after introducing a known amount of agent by a 
single intravenous injection. Thus, the organ storage 
value may have a sizable error in cases where signifi- 
cant percutaneous penetration takes place over sev- 
eral days. These limitations suggest that there is 
room for progress in methodology. Moreover, diverse 
but complementary data may be obtained from both 
in uitro and in uiuo studies (26). 
In Vitro Methods-Excised Skin-Virtually all 


investigators use some type of diffusion cell, in which 
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animal or human skin is fastened to a holder and the 
passage of compounds from the epidermal surface to 
a fluid bath is measured (47). The simplicity of 
equipment has prompted widespread use of the tech- 
niques. For example, Cronin and Stoughton (48) 
stretched human skin over the mouth of a funnel, 
and Fritsch and Stoughton (49) developed a special 
glass chamber which allowed various refinements to 
be employed. With this technique, penetration rates 
can be quantitated. The area of spread of a radioac- 
tive agent on the surface is detected with autoradio- 
graphs of the surface, and the penetration of an agent 
can be expressed in terms of quantity per unit area 
per unit time. 


Radioactive agents have not taken over complete- 
ly. Many chemical agents penetrate in sufficient con- 
centration to be determined by one of the many tech- 
niques of physical or chemical analysis. One objection 
to this technique is that it does not represent the in 
uiuo problem of an efficient, if capricious, blood sup- 
ply which would remove penetrating materials at var- 
ious rates and thus change the concentration gradi- 
ents across the membrane or, as in the case of ste- 
roids, induce vasoconstriction (which occurs in uiuo) 
and thereby decrease the rate of removal of steroid in 
the corium. This process would increase the local 
concentration in the corium and decrease the pene- 
tration rate. Thus, both in uiuo and in uitro measure- 
ments for a given agent are highly desirable (23). 


Penetration into Models-This method involves 
penetration of some substance into a model designed 
to simulate skin. If a chemical in a given vehicle is 
applied to the surface of a model, the amount of that 
chemical transferred from the vehicle into the model 
may be measured with a certain degree of accuracy. 
By using various vehicles, the rates of transfer of a 
given chemical into the model can be determined. 
The most common model used to simulate skin was 
agar gel, but the data obtained were very crude and 
more suitable models were sought. 


Recently, in attempts to develop practical vehicles, 
models have been devised for studying in uitro re- 
lease from the base into immiscible solvents, acting 
as “sinks” or receptor skin phases (50-54). Results 
have established fair correlation with membrane test- 
ing. These models are discussed more fully in a later 
section. 
In Vivo Methods-The major in uiuo techniques 


involve histological studies, use of tracers, elicitation 
of biological responses after topical application, and 
analysis of body fluids or tissues. 


Histological Studies-Tissue changes in skin fol- 
lowing application of various substances to the cuta- 
neous surface can yield information about the specif- 
ic tissues affected by any penetrant, so that not only 
absorption per se is revealed but also the route of 
penetration. The method is limited to dyes and to a 
few other substances that yield precipitable colored 
end-products in specific chemical reactions. An 
objection to the method is that evidence of routes of 
absorption using colored dyes cannot be accepted 
completely, because a dyed lipid applied to the skin 
may not penetrate intact and, indeed, the dye may 


combine with another lipid in the dermis or epider- 
mis. Separation within the skin of the dyed substance 
and the dye is generally the rule. 


Histochemical techniques have proved useful in 
determining routes of absorption but are limited by 
the numbers of drugs influencing enzyme systems. 
For instance, changes in epidermal sulfhydryl groups 
are easily detected, but the number of drugs produc- 
ing these changes is limited (55-58). 


Tracers-Following the movement of penetrants 
by means of dyes, fluorescence, or radioactive label- 
ing represents the most frequently used method. This 
technique is always combined with other methods 
such as histological or chemical analysis of tissues or 
fluids. 


The dye technique employs an oil-soluble dye to 
color the material being studied. Histological sections 
of the skin are then examined for the presence of the 
dye. This method presupposes that the tracer and 
the penetrant act similarly and remain together dur- 
ing penetration. Unfortunately, this may not always 
be the case. 


The use of fluorescence techniques depends on the 
fact that substances that penetrate very readily show 
a more rapid diminution in the intensity of the fluo- 
rescence at  the surface of the skin than do poor pene- 
trators. The use of fluorescent compounds in pene- 
tration studies is open to the same criticism as when 
a dye is used as a tracer. One cannot be sure that the 
fluorescent material remains with the substance 
whose penetration is being studied. This objection is 
not valid if the penetrating substance itself is fluo- 
rescent. If used properly, the method is of consider- 
able value, as when Baker and Kligman (59) used the 
fluorescent dye tetrachlorosalicylanilide to determine 
the permeability of the horny layer. 


Radioactively labeled tracer compounds gave the 
greatest impetus to skin penetration studies. Radio- 
isotopes have been used to study percutaneous ab- 
sorption by measuring the urinary excretion of topi- 
cally applied compounds (60-691, the decrease in the 
radioactivity of the skin surface (28, 701, or the accu- 
mulation of an isotope in the collecting fluid of a dif- 
fusion or continuous-flow cell in which a piece of ex- 
cised skin was mounted (35, 43, 62, 71). The method 
of measuring the rate of disappearance from the skin 
requires much smaller amounts of radioactive mate- 
rial than does the determination by blood analysis of 
how much drug has passed into the circulation. 


While the methods give information on the amount 
of the compound that moves across the skin, they 
yield little or no information on the route of penetra- 
tion or on the localization of the penetrant within the 
structure of the skin. Actually, all work with radioiso- 
topic compounds should be checked at some stage by 
chemical recognition of the compound concerned, be- 
cause enzymatic splitting of the molecule may occur 
and the radioactivity counted may not represent the 
material under investigation. 


Marzulli et al. (26), while studying the penetration 
of ‘*C-testosterone, noted inconsistencies in perme- 
ability constants, which suggested that there was a 
tissue reaction. Such a reaction could affect the diffu- 
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sivity of the membrane or change the form in which 
testosterone penetrates the skin. The method also 
has the problem of a 5-15% error, which is almost im- 
possible to avoid. Thus, it  is difficult to measure pen- 
etration of a small percentage of applied material. 
14C-Agents pass into the horny layer where fewer 
emissions are recorded on the surface, giving a false 
impression of penetration. 


If further information is desired about the routes 
of penetration, autoradiography is a useful proce- 
dure, but it is difficult to quantitate. The consider- 
able scatter of the rays and showing are drawbacks 
(72). Some P-particle emitters darken areas up to 2-3 
mm away from the localization of the molecule, giv- 
ing one a mistaken impression of the location of the 
agent. Therefore, tritium-labeled agents are very use- 
ful because of their weak @ emissions. Cutting, stain- 
ing, and handling of tissue not only may displace 
agents but also may remove agents from the speci- 
men, giving a false negative result. 


Analysis of Body Fluids or Tissues-For body 
fluid or tissue analysis, urinary analysis is used most 
frequently and is probably the method most com- 
monly used in studying percutaneous absorption. 
Small specimens of skin, obtained by biopsy either 
singly or in series, may be analyzed for the penetrant. 
In cases where drugs appear to have a greater affinity 
for a particular organ, the organ may be excised and 
analyzed for drug content. The chief analytical tool is 
radioactive labeling, followed by GC, fluorescence, 
and specific color reactions. 


Feldmann and Maibach (63-65, 73-77) utilized 
urinary excretion for studying various compounds. 
The method is extremely valuable. However, al- 
though the chemical agent recovered in the urine will 
probably have penetrated the skin, the amount re- 
covered in the urine will not necessarily be the origi- 
nal total amount to penetrate the skin. Some of the 
applied agent may go somewhere other than the 
urine, and some may be metabolized and, therefore, 
no longer be detectable. A steady state of balanced 
absorption and excretion needs to be reached before 
measurements can be accepted completely. This is 
time consuming and may need the resources of a 
metabolic ward. Measurement of the excretion rate 
of metabolites of labeled corticosteroids has been em- 
ployed successfully (61, 70, 78). Another source of 
error in this method may be the ability of the living 
organism to alter the penetrant before it is measured 
quantitatively. When such alteration occurs, more of 
the chemical penetrates than can be retrieved by 
chemical analysis. 


Under in uiuo conditions, penetration often occurs 
from such a large amount of material, in comparison 
to the amount penetrating, that the concentration of 
the solute in the presenting material remains almost 
constant. Also, when the penetrating material reach- 
es the bloodstream, it is probably removed so rapidly 
that the concentration in the bloodstream is always 
near zero. Hence, detection in blood is rarely at- 
tempted. 


A useful modification involves “calibration” of the 
animal to be studied. Suppose that the blood is to be 


analyzed as a measure of penetration but that some 
material reaching the blood is known to be lost to 
other tissues. If the penetrant is administered slowly 
by the intravenous route and the level of this sub- 
stance in the blood is determined at successive time 
intervals, a calibration curve can be constructed 
which relates the amount of penetrant introduced 
into the bloodstream to the amount of that substance 
actually present in the blood. If, subsequently, the 
penetrant is applied to a given area of the skin of this 
animal and the blood level of this substance is deter- 
mined a t  successive intervals, the amount of pene- 
trant reaching the blood via the percutaneous route 
can be determined from the calibration curve con- 
structed from data obtained after intravenous ad- 
ministration. With a little experimentation, the rate 
of change in the blood level can be made quite similar 
for the two methods of administration. This method 
is probably one of the best available for quantitative 
measurement of percutaneous absorption in the liv- 
ing animal (21,79). 


Elicitation of Biological Responses-The use of 
agents that have biological activity when they reach 
the corium is a valuable method. With this tech- 
nique, it is possible to demonstrate whether or not a 
substance capable of causing a physiological reaction 
can penetrate into the skin and, if it does penetrate, 
to determine the time required for the reaction to de- 
velop. The method is intriguing because of its sim- 
plicity and potential practical applications. In theory, 
such biological functions of skin as sebaceous gland 
growth and excretion, sweat gland secretion, pigment 
formation, vasoconstriction, vasodilation, vascular 
permeability, epidermal proliferation, and keratini- 
zation could be influenced by topical pharmacologi- 
cal agents. 


Many responses (sweat secretion, vasoconstriction, 
vasodilation, pigmentation, and vascular permeabili- 
ty) can be reasonably accurately recorded by visual 
observation. Thus, when enough of a topically ap- 
plied agent such as histamine reaches the vessels of 
the corium, there is a visible reaction. The amount 
needed to induce the reaction can be determined by 
intradermal injection of histamine in differing dilu- 
tions to find the minimum dilution necessary for a bi- 
ological response (23). This same approach can be 
used for such drugs as norepinephrine, angiotensin, 
naphazoline, nicotinic acid (niacin), atropine, and 
glucocorticoids. 


Quantitation of the actual amount of the agent 
penetrating is not as accurate as with in uitro meth- 
ods, but comparative estimations of the penetration 
of a given agent in such varying environmental cir- 
cumstances as humidity and temperature can be 
meaningful, and much information regarding com- 
parative effectiveness of topically applied steroids 
has been derived from this approach (23). One sensi- 
tive test is based on the antigenic properties of the 
substance to be absorbed, because extremely minute 
traces penetrating to the site of tissue antibodies may 
elicit allergic reactions. 


The elicitation of vasoconstriction or vasodilation 
by the topical application of various agents has been 
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successfully employed (44,48,49,80). This technique 
led to the development of the vasoconstrictor assay 
for the efficacy of topical corticosteroids (81). The 
relative potency of various corticosteroids has been 
assayed with this in uiuo technique. It seems to be 
one of the most valuable methods available for esti- 
mating clinical efficacy of various topical glucocorti- 
coids. The most potent glucocorticoid will give 
blanching of the skin when applied topically in a con- 
centration of less than 1 ppm. There is little doubt 
that a relationship exists between the ability of topi- 
cal steroids to produce blanching and to alleviate in- 
flammation in use (82). 


A technique involving paired comparisons of vaso- 
constriction at  adjacent sites was found to improve 
the assessment of relative vasoconstrictor activity 
(83). In addition to the vasoconstriction test, use is 
also made of the suppression of UV-induced inflam- 
mation, the suppression of chemical inflammation 
from croton oil, and the clinical suppression of psori- 
asis (84). The results obtained by the four test proce- 
dures not only correlate very well with each other but 
they are also in good accord with in uitro release 
data. 


Vasoconstriction can be induced by topical appli- 
cation of other agents such as naphazoline, and this 
method has been used to study regional differences 
in penetration (85). Curtailment of sweat was 
blocked by topical applications of anticholinergic 
agents (86, 87). Vasodilation can be introduced by a 
number of drugs, including nicotinic acid and some of 
its derivatives. The amount per area necessary to give 
vasodilation with intradermal administration is com- 
pared to the amount per area to give vasodilation by 
topical application. A rough estimate can be made re- 
garding the amount penetrating the skin (80). The el- 
icitation of biological responses has permitted the 
construction of time-response curves, particularly 
those derived from the vasoconstrictor results in the 
evaluation of the absorption and activity of cortico- 
steroids in an ethanol solution and in different bases 
(88). 


Determination of the threshold concentrations of 
pharmacologically active substances, such as vasodi- 
lators and vasoconstrictors, that cause the skin to re- 
spond is possibly the easiest method, but it is indirect 
and not very precise. An important limitation is that 
the end-points express thresholds, not rates of pene- 
tration. Another drawback is that the method does 
not discriminate between the two major pathways a 
substance may take in entering the skin-uiz., uia the 
hair follicles and sweat ducts (appendages), thus by- 
passing the horny layer, and uia diffusion through 
the mass of the horny layer itself (59). The bioassay 
methods for measuring percutaneous absorption have 
been reviewed critically (89). 


SKIN TRANSPORT 
Skin is a structurally complex, thick membrane. 


Molecules moving from the environment across the 
intact skin of living humans must first penetrate the 
stratum corneum and any material of endogenous or 
exogenous origin on its surface. They must then pen- 


etrate the viable epidermis, the papillary dermis, and 
the capillary walls into the bloodstream or lymph 
channels, whereupon they are removed from the skin 
by the flow of blood or lymph. To move, molecules 
have to overcome a different resistance in each tissue. 
Transport across the skin membrane is obviously a 
complex phenomenon, challenging in analysis (10). 
To relate results on different penetrants, it is neces- 
sary to consider the transfer mechanism across skin. 
A recent symposium (90) was principally concerned 
with transport through the skin. 


Epidermal Barrier-The currently most accept- 
ed theory of percutaneous absorption treats the skin 
as a uniform and invariant cellular matrix which pro- 
duces a thin dead layer of impermeable membrane 
protecting the body (3). The surface lipid layer seems 
to offer relatively little resistance to the passage of 
water and other chemical compounds. The main bar- 
riers to absorption are the dead cells of the stratum 
corneum (horny layer), restricting the inward and 
outward movement of chemical substances and hav- 
ing a high electrical resistance (91,92). 


The stratum corneum is a heterogeneous tissue 
(93), composed of flattened keratinized cells. The 
outer layers of these cells are less densely packed 
than those adjacent to the underlying granular layer. 
Therefore, the epidermal barrier becomes more im- 
permeable in the lower part, and this fact has led to 
the suggestion that a separate barrier exists at this 
level, the so-called stratum conjunctum (31, 94). No 
real evidence exists for the localization of the func- 
tional barrier. Analysis of penetration data, evidence 
from controlled stripping experiments, and the de- 
tailed picture of the stratum corneum, gained from 
electron microscopy, all support the idea that the 
barrier to penetration consists of the keratin-phos- 
pholipid complex in the dead and relatively dry cells 
of the entire stratum corneum (31, 35, 42, 93, 95- 
101). 


Thus; as molecules move from the environment 
into the skin, the rate-limiting barrier, i.e., the tissue 
that presents the greatest resistance to the movement 
of molecules, is the stratum corneum-the entire 
stratum corneum. One or two of the outermost cell 
layers may offer only limited resistance because the 
cells are desquamating and the layers are breaking 
up, but the rest of the stratum corneum may be con- 
sidered relatively homogeneous as far as its resis- 
tance to the movement of molecules is concerned 
(102). 


Kligman (93) showed that human stratum cor- 
neum can be removed intact in large sections in the 
form of a thin (10-15-pm) membrane and that this 
membrane is mechanically quite strong and resists 
chemical attack. The accessibility of stratum cor- 
neum and epidermal membranes makes possible the 
controlled physicochemical study of skin penetration 
in uitro (35). 


Scheuplein (42) calculated the diffusion constants 
and geometrical data corresponding to appendages 
and to various regions near the surface of the skin. 
There are significant regional variations in thickness 
and number of cell layers as well as marked individu- 
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a1 variations within a region that are characteristic 
and specific for each individual. The number of cell 
layers appears to account for the variation in thick- 
ness (103). 


Information is limited about the composition of 
the barrier. The main cellular components are pro- 
teins, lipids, and water, combined into an ordered 
structure (104). The cells are bound into a layered 
membrane, about 15 I.tm thick when dry but about 48 
I.tm when fully hydrated (31). When hydrated, the 
stratum corneum contains approximately 75% water, 
20% protein, and 5% lipid. While the surface lipids 
offer little resistance to the passage of compounds, 
studies of lipid removal from the cutaneous surface 
(105-110) indicate that lipids participate in epider- 
mal water function. 


Onken and Moyer (109) showed that the barrier 
function is restored when extracted lipids are re- 
turned to the skin. This finding suggests some possi- 
bility of marked variations in biological membrane 
permeability, dependent largely on the specific na- 
ture or distribution of the lipid contained in the cell 
membrane. Sweeney and Downing (110) recently ap- 
plied a number of solvents to the epidermal side of 
hairless mice and human skin. All solvents increased 
the rate of diffusion of tritiated water, but there was 
no correlation between the type or amount of lipid 
extracted and the degree of alteration of the water 
barrier function. 


The barrier to penetration by the horny layer holds 
for almost all compounds tested. For example, a 10% 
naphazoline concentration gives vasoconstriction 
when applied to normal skin, but a 0.001% concentra- 
tion gives vasoconstriction when applied to skin 
where the horny layer has been removed by cello- 
phane tape stripping (20). Skin with a disrupted epi- 
dermal barrier allows up to 80% of hydrocortisone to 
pass into the dermis. With a functionally intact epi- 
dermis, the absorption of steroid is about 1% (70). 


The skin barrier is vulnerable to certain solvents 
and organic amines, as reflected in sharp increases in 
skin permeability (36). Solvents with such an effect 
are those with both polar and lipophilic properties. 
Apparently, they have the effect not only of removing 
skin lipids but also of breaking down the complex 
structure of the barrier, thus making i t  defective and 
possibly subject to entry by other chemical agents 
which do not penetrate intact skin. Substances such 
as dimethyl sulfoxide, dimethylformamide, and di- 
methylacetamide have the ability to produce a strik- 
ing but reversible suppression of barrier resistance. It 
has been suggested that they alter the interrelation- 
ship of water, lipids, protein, and mucopolysacchar- 
ides regulating the epidermal water barrier function 
(112). The effects of these “accelerants” will be dis- 
cussed more fully later. 


Barrier Reservoir-The existence of a depot or 
“reservoir” within the stratum corneum was original- 
ly noted by Malkinson and Ferguson (60) and inves- 
tigated in detail by Vickers (113). Vickers applied 
small quantities of fluorinated steroids to the surface 
of the skin and occluded the area with plastic film. As 
expected, vasoconstriction or blanching appeared 


when the film was removed after 16 hr (81). However, 
if the skin was then thoroughly washed and the 
subject was allowed to continue normal activity, the 
vasoconstriction faded in 10-16 hr. If areas were 
reoccluded at  intervals as long as 12-14 days after the 
initial application of steroid, vasoconstriction reap- 
peared, although no more steroid had been applied. 


I t  was obvious, as a result of these observations, 
that a reservoir for steroids must exist somewhere in 
the skin. Clinical and radiobiological studies suggest- 
ed strongly that the reservoir lay in the stratum cor- 
neum and that it was not just a surface film (114). It 
appears to lie in the deeper portions of the stratum 
corneum. The presence of an intact and normal stra- 
tum corneum is essential for the establishment of the 
reservoir (115). The amount of materials that can be 
retained within the reservoir is small, and their sig- 
nificance from a therapeutic point of view is open to 
question, although potent corticosteroids, such as 
fluocinolone, may be retained in sufficient quantity 
after a single application to influence epidermal cell 
division (116). Woodford and Barry (117) studied the 
bioavailability of betamethasone benzoate in a cream 
and gel base as well as other steroids. All formula- 
tions produced steroid retention in the stratum cor- 
neum for at  least 8 days. 


Garnier (88) discussed the parameters to be con- 
sidered in devising the optimum base for topical 
preparations of corticosteroids. When the activity of 
the drug, as with steroids, depends on absorption into 
the vascular system in the dermis, the base may need 
to lower the interfacial barrier if the epidermis is in- 
tact or soften the superficial tissue if it has become 
excessively dry and thick. 


Various factors that increase percutaneous absorp- 
tion also appear to increase the quantity of material 
in the reservoir. Increasing temperature and humidi- 
ty (49) result in increased penetration and in the es- 
tablishment of a larger stratum corneum reservoir 
(113). Similarly, a solvent such as dimethyl sulfoxide 
enhances human skin penetration (118) and increases 
the reservoir (111). Dimethylacetamide and di- 
methylformamide are potent solvents which have 
been shown to increase the penetration of various 
steroids and griseofulvin and to establish, both in 
vivo and in vitro, a stratum corneum reservoir to a 
superior degree than such vehicles as ethanol or 
cream base (119). 


Epidermal Diffusion-An understanding of the 
diffusion mechanism through skin may have even 
wider significance to the mechanism of membrane 
transport in general. The stratum corneum is an ag- 
gregate of tightly adherent cells, densely packed with 
lipid-enriched keratin fibrils, and presents a unique 
system for studying the chemical influence of natu- 
rally occurring protein-lipids on membrane trans- 
port. This is particularly significant when it is real- 
ized that many cell membranes are chemically quite 
similar to the stratum corneum and that transport 
through them is believed to be governed mainly by a 
lipid-penetrant interaction. In this restricted sense, 
the stratum corneum is a macroscopic analog of the 
unit-cellular membrane (35). Poulsen (120) reviewed 
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aspects of drug diffusion into skin. 
Diffusion through the horny layer is a purely pas- 


sive process, affected only by physical factors as de- 
termined by ambient conditions. Percutaneous ab- 
sorption, on the other hand, is a more complicated 
process; epidermal diffusion is the first phase, and 
clearance from the dermis is the second. The latter 
depends on effective blood flow, interstitial fluid 
movement, lymphatics, and perhaps other factors 
such as combination with dermal constituents (35). A 
passive system has two main characteristics: (a) a 
delay period after the chemical is placed on the sur- 
face, during which the membrane itself becomes 
charged with the penetrant, and (b) a steady pene- 
tration rate after the delay period, which lasts as long 
as the chemical remains in adequate supply on the 
top surface and is removed from the lower surface. 
This steady rate is proportional to the concentration 
difference across the membrane; in the case of ade- 
quately perfused skin, the rate may be considered 
equal to the concentration applied (91). The ratio of 
the steady rate to the concentration applied should 
be, and is, a constant (termed the permeability con- 
stant); it is a measure of the permeability of the given 
skin to the chemical in the given solvent. If, and only 
if, results are expressed in terms of this parameter, 
they can be compared directly with each other (4). 
Physicochemical relationships involved in skin pene- 
tration have been derived (10, 21, 22, 31, 35, 43, 98, 


There is little evidence to support specialized ac- 
tive transport systems for cells of the stratum cor- 
neum, except possibly for the work with water1. For 
water to move against a concentration gradient, an 
energy yielding “pump” is predicated in a viable epi- 
dermis. It is unlikely that such a reaction would exist 
in a nonviable tissue like the stratum corneum, and 
there is limited evidence for any transport across the 
stratum corneum against a concentration gradient. 
While the preponderence of evidence points to pas- 
sive diffusion through a nonviable horny layer, Wink- 
elman (90) was concerned that this assumption dis- 
counts the many rich variations of epithelial and 
mesenchymal structure which appear to have some 
role in the passage of material through the skin. 


102,107,108,121-129). 


ROUTES OF SKIN PENETRATION 


There are potentially three distinct routes of pene- 
tration through the stratum corneum: (a) the follicu- 
lar regions, (b) the sweat ducts, and (c) the unbroken 
stratum corneum in between. But which is the princi- 
pal route of penetration? There is little convincing 
evidence that eccrine sweat glands or ducts play any 
significant role in cutaneous permeability (5, 30). 
Material may enter the ducts and even the glands, 
but there appears to be no subsequent penetration to 
the dermis (130-132). Absorption of allergens and 
histamine through the palms and soles is very poor 
(44,133). These are areas where, in view of the nature 


See K. J. Buettner and F. F. Holmes, J. Appl.  Physiol., 14, 261. 
276(1958). 


of the keratin, transepidermal absorption would be 
minimal; any absorption taking place must do so 
through the sweat glands because pilosebaceous 
glands are almost absent. 


Hence, percutaneous absorption occurs through 
the cells of the stratum corneum, between the cells or 
uia the pilosebaceous follicles. The particular route 
may be of major importance for one type of sub- 
stance, but both routes probably play some part in 
the absorption of almost all compounds and the rela- 
tive importance of one in contrast to the other de- 
pends almost entirely upon the physicochemical 
characteristics of the material being absorbed (2). In 
spite of specific literature statements, there are many 
difficulties in deciding the relative importance of 
each route in any one instance; material using the 
transfollicular route may diffuse in the dermis and 
appear in the subepidermal tissues, making it impos- 
sible to determine the route used. When considering 
skin penetration, it is helpful to keep in mind the fol- 
lowing particularly relevant dimensions based upon 
reported values: thickness of stratum corneum, 14 
pm; thickness of epidermis, 110 pm; and distance 
from surface to microcirculation, 150-200 pm (42). 


For substances absorbed by the transepidermal 
route, penetration is fairly rapid, although slower 
than intestinal tract absorption, and is almost always 
accompanied by some degree of pilosebaceous pene- 
tration. For substances absorbed through both path- 
ways, the transepidermal route is the principal portal 
of entry because of the total relatively small absorb- 
ing surface offered by the pilosebaceous units (5). 
The epidermis presents a surface area 100 or 1000 
times greater than the other routes of absorption. 
The sweat glands and hair follicles are scattered 
throughout the skin in varying numbers but are com- 
paratively sparse; their total cross-sectional area is 
probably between 0.1 and 1.0% of the area of the 
skin. The total volume available for transport, other 
than within the stratum corneum cells, is probably 
0.01-0.1% of the volume of the stratum corneum. The 
evidence supports the belief that transient penetra- 
tion occurs via the shunts and that steady-state 
transport occurs directly through the cells. 


Drugs applied to the skin surface reach the orifices 
of the sweat glands and the hair follicles directly. 
Each hair follicle has one or more connecting seba- 
ceous glands which empties its secretion into the fol- 
licular canal near the skin surface. These canals and 
duct systems are lined with stratified squamous epi- 
thelium, which is readily penetrated by medica- 
ments. Therefore, the most likely pathway for drug 
penetration uia the transfollicular route is through 
the microscopic spaces between the hair shaft and 
the follicular wall. These spaces permit the passage of 
substances into areas below the membrane barrier. 
Hence, the hair follicles were formerly thought to be 
the main route of percutaneous absorption. They 
may play a more conspicuous part in the penetration 
of particular substances, notably surfactants, which 
provide an increased wetting effect and allow close 
contact between incorporated substances and the fol- 
licular epithelium. 
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Diffusion through the stratum corneum occurs 
with considerable difficulty even for small, soluble 
molecules (7). Steady-state penetration through the 
stratum corneum is not primarily intercellular or in- 
traappendageal. The hydrated stratum corneum 
seems best described as a dense “semisolid” phase 
into which low molecular weight nonelectrolytes dis- 
solve with strong chemical interaction and through 
which diffusion occurs very slowly. Before steady- 
state diffusion is established, small but possibly sig- 
nificant amounts of material may diffuse more rapid- 
ly through hair follicles and sweat ducts. The reasons 
for this seemingly anomalous behavior arise from the 
limited area of the skin surface occupied by these ap- 
pendages, their relatively large diffusion constants, 
and the nonlinear character of diffusion prior to the 
steady state. The smaller the diffusion constant, the 
more important the role of the appendages or inter- 
cellular regions may become (124). Shunt diffusion 
may become dominant and control percutaneous ab- 
sorption not only in the transient period but during 
steady state as well. 


For molecules such as the steroids, which move 
very slowly through the stratum corneum and have 
long lag periods, the shunts may at  all times be the 
major pathway into the skin (124, 134). D’ isease 
states, particularly those that affect the stratum cor- 
neum such as eczema and exfoliative dermatitis, un- 
doubtedly result in many “artificial shunts” through 
the stratum corneum. Body fluids escape through 
such shunts, and topically applied medicaments can 
enter more easily through them than through normal 
skin (10). 


In a study (43) of steady-state diffusion of alcohols 
from aqueous solutions, the high molecular weight, 
lipid-soluble alcohols had larger permeability con- 
stants than the low molecular weight, water-soluble 
alcohols. This finding indicates that the mechanism 
of steady-state diffusion of each of these alcohols 
cannot be only diffusion through relatively large, 
water-filled channels. If this were the mechanism, the 
permeability constant would change very little over 
the entire series; actually it would decrease slightly 
with increasing molecular weight. Low molecular 
weight molecules readily penetrate capillary walls 
and rapidly enter the systemic circulation. The rich 
vascularity of the superficial layers of the dermis lim- 
its the number of molecules free to diffuse deeper 
into the dermis, so lower lying layers of the dermis 
would not be expected to influence diffusion radically 
(42). 


Polar and nonpolar substances diffuse through the 
stratum corneum hy different molecular mechanisms 
(125). As the stratum corneum hydrates, water accu- 
mulates near the outer surface of the protein fila- 
ments. Polar molecules appear to pass through this 
immobilized water. In contrast, nonpolar molecules 
probably dissolve in, and diffuse through, the non- 
aqueous lipid matrix between the protein filaments. 
The activation energies for the diffusion of nonpolar 
molecules are somewhat lower than for the diffusion 
of polar molecules. 


Scheuplein (42) maintained that it is probably 


wrong to assume that a principal route of penetration 
exists without specifying other conditions. Under the 
appropriate conditions, each contending route of per- 
meability may be, in turn, overwhelmingly dominant. 
In particular, the transient diffusion occurring short- 
ly after the application of a substance to the surface 
of the skin is potentially far greater through the ap- 
pendages than through the matrix of the stratum cor- 
neum. After steady-state diffusion is established, the 
dominant diffusion mode is probably no longer in- 
traappendageal but occurs through the matrix of the 
stratum corneum. Flux through shunts is difficult to 
measure experimentally, except possibly through 
hair. The recognition of transient diffusion occurring 
primarily via follicles and ducts and steady-state dif- 
fusion primarily through the intact stratum corneum 
results in a considerably more self-consistent and or- 
derly treatment of the process of percutaneous ab- 
sorption. 


The role of intercellular spaces in cutaneous per- 
meability has been pondered (43), but no one has se- 
riously proposed these canals as an avenue for perco- 
lation of materials through the epidermis. The total 
volume of the intercellular space has been estimated 
to be 0.01-0.1% of the entire volume of the stratum 
corneum. Substances would have to move rapidly 
through the small intercellular space if this pathway 
were to contribute appreciably to the steady-state 
flux (53, 90). Few studies of the significance of this 
pathway have been attempted. It has been assumed 
that the principal route of entry is directly through 
cells rather than between them. 


Once a substance passes through the superficial 
barrier, there, is apparently no significant hindrance 
to penetration of the remaining epidermal layers and 
corium, following which there is ready entry into the 
circulation uia the capillaries. However, for certain 
materials there may be a second barrier to absorption 
at, or near, the dermal-epidermal junction and possi- 
bly in relation to the basement membrane (38, 132, 
135-137). A salient example of this barrier action, de- 
monstrable with autoradiographs, is the almost com- 
plete arrest a t  the dermal-epidermal junction of cer- 
tain electrolytes once the superficial barrier is passed 
(130-132). Thorium-X and 32P-labeled sodium phos- 
phate applied to the skin surface cannot be shown to 
be present in the dermis on autoradiographs, despite 
the fact that penetration into the epidermis and folli- 
cles occurs (132). There may be a double retention ef- 
fect, one in the epidermis and a second in the dermis. 


Menczel and Maibach (136, 138) recently noted 
considerable retention of testosterone in the dermis. 
While the role of dermal retention needs closer exam- 
ination, the superficial barrier is the critical one for 
most substances; once i t  is breached, further passage 
into the epidermis, corium, and capillaries is virtually 
assured. The stratum corneum, the epidermis, and 
the uppermost part of the papillary layer of the der- 
mis ( i e . ,  the portion subjacent to the basal layer of 
the epidermis and above the capillaries of the micro- 
circulation) are together assumed to comprise the ef- 
fective composite layer through which substances 
must diffuse to enter the bloodstream (42). 


908 1 Journal of Pharmaceutical Sciences 







FACTORS IN PERCUTANEOUS ABSORPTION 


The factors that influence the penetration of the 
skin barrier are essentially the same as those that in- 
fluence GI absorption. These factors can be divided 
into physiological and physicochemical variables (37, 
139, 140). Additional variables are the condition of 
the skin, the skin age, the area of skin treated, the 
thickness of the skin barrier phase, the species varia- 
tion, and the skin moisture content. The rate-of dif- 
fusion of substances through the skin is dependent 
primarily on the physicochemical properties of the 
drug and only secondarily on the vehicle, pH, concen- 
tration, etc. The initial discussion will deal with 
physiological skin factors; physicochemical factor 
considerations will follow. 


Skin Condition-“Intactness” of the skin is one of 
the most important factors preventing penetration. 
Injurious agents such as mustard gas, acids, and alka- 
lies injure barrier cells and increase permeability. 
When the stratum corneum is damaged, diffusive 
water loss is increased. This has been amply demon- 
strated in experimental injury to the stratum cor- 
neum by cellophane tape stripping (97). Complete re- 
moval of the barrier by stripping enhances the ab- 
sorption of almost any substance in contact with the 
skin surface. In human subjects, 78-90% of hydrocor- 
tisone-14C penetrated stripped skin sites (70) while 
only 1-2% was absorbed from areas of norma1,skin 
(60, 141). Loeffler and Thomas (142) found that 50% 
of 89Sr-labeled strontium chloride was absorbed 
through abraded rat skin in contrast to 10% absorp- 
tion in intact skin sites. In diseases characterized by a 
defective horny layer, percutaneous absorption is also. 
increased (5,8,43,100,143,144). 


Solvents other than water appear to cause marked 
alteration in the resistance of the skin barrier to pen- 
etration (108,118, 121,145,146). The permeability of 
the skin to aqueous solutes, organic liquids, and so- 
lutes in organic liquids and solids has been reviewed 
(4). Pretreatment of the skin with organic solvents 
has variable effects on permeability. Treatment with 
ether did not alter the penetration rate of salicylates 
or surfactants (145), while the polar solvents acetone, 
alcohol, and hexane greatly increased the penetration 
of water into the skin (109). Excised stratum cor- 
neum is virtually “opened” by delipidization of the 
stratum corneum by holding it in a mixture of a polar 
and a nonpolar solvent such as chloroform-methanol. 
This procedure removes much of the lipid fraction of 
the stratum corneum and makes “holes” or artificial 
shunts in the membrane (10). Measurements of the 
activation energies show them to be comparable to 
diffusion through water-filled channels in delipidized 
membranes. 


Allenby et al. (147), using electric impedance as 
their parameter, studied the permeability of excised 
human skin to various solvents. Some organic sol- 
vents including aliphatic acids, bases, and neutral 
compounds were shown to produce large changes in 
electrical impedance and, it is inferred, in water per- 
meability. Dimethyl sulfoxide, dimethylformamide, 
and dimethylacetamide produced large and rapid 


changes. The changes in water permeability, which 
are inferred from the impedance changes and which 
are induced by the various organic solvents, are prob- 
ably due to a combination of factors including solu- 
tion of skin components. relaxation of the binding 
forces of the skin components, and swelling and hy- 
dration of the skin structure with the formation of 
additional channels for water permeation (147). 


The role of sorption promoters such as dimethyl 
sulfoxide (77, 118,148) and surfactants (41,149-152) 
will be more fully discussed in a later section. 


Skin Age-The relationship of age to skin perme- 
ability has been rarely investigated. Fetal and infant 
skin appears more permeable than adult skin (73). 
Percutaneous absorption of topical steroids occurs 
more readily in children than adults (153). The sig- 
nificant dermal atrophy and gross epidermal changes 
in the elderly denote absorption influence (2). The 
epidermis of the preterm infant has a higher perme- 
ability than that of older infants or has a less com- 
plete barrier function (154). 


Increased Blood Flow-If blood flow through the 
dermal vessels increases, the rate of clearance of ma- 
terials should also increase as the concentration de- 
creases. This is particularly true of gas permeation 
(3). Whether the rate of passage through the barrier 
layer is altered is not quite so clear, although it seems 
possible that this may occur because the more rapid 
removal of material that has penetrated must alter 
the perfusion gradient across this area. Clinically, er- 
ythematous skin is usually diseased, and this condi- 
tion may alter the rate of absorption for other rea- 
sons (2). 


If one considers the opposite state of affairs, how- 
ever, then the evidence is more clearcut. Vasocon- 
striction produced by the application of topical ste- 
roids, a process that it seems hard to believe would 
damage epidermal cells, undoubtedly slows penetra- 
tion. The induction of vasoconstriction by the topical 
application of 6-methylprednisolone slowed the ab- 
sorption of 14C-testosterone applied after the vaso- 
constriction had appeared (70). 


Regional Skin Sites-There are relatively few 
studies on the variations in absorption from one site 
to another and many are conflicting, with variable 
epidermal cell counts and histochemistry (29-36, 
38-41,131,155,156). In different normal individuals, 
there are wide variations in the absorption rate of a 
given substance through the same skin site, and pen- 
etration rates for the most permeable regions (poste- 
rior auricular skin) in some subjects are comparable 
to rates for the least permeable regions (plantar skin) 
in others (38). Anatomical differences in penetration 
rates may depend largely on differing thicknesses of 
the barrier layer, since equally thick layers of stratum 
corneum conjunctum from plantar skin and from the 
anterior forearm, for example, show equal resistance 
to penetration (38). 


Variations in penetration rates have been demon- 
strated for full thickness cadaver skin, isolated from 
different sites, with rates increasing in the following 
anatomical order: plantar, anterior forearm, instep, 
scalp and ventral thigh, scrotum, and posterior auric- 
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ular (38). These permeation rates may be in direct 
proportion to the thickness of the area, because the 
penetration across skin, the flux, is inversely propor- 
tional to the thickness. The thickness of the stratum 
corneum from pieces of glabrous skin can be calculat- 
ed from data obtained from desorption experiments 
(128). 


The thickness of thick pieces of cornified epitheli- 
um (callus) can be measured directly, and the flux of 
water through these pieces can be determined (129). 
Fick’s law, treated in a later section, governs passive 
diffusion and can be expressed as: 


where 6 is the thickness of the stratum corneum, and 
D ,  is the diffusion constant. The flux is proportional 
to the concentration gradient, AC,, i.e., the difference 
in concentration divided by the thickness. 


Cronin and Stoughton (85), using the erythema 
reaction produced by vasodilators such as ethyl nico- 
tinate and histamine, demonstrated that the fore- 
head, presternal area, and back showed a greater re- 
sponse than the limbs and that the arm was more re- 
active than the leg. They concluded that the presence 
of more follicles in the forehead indicated increased 
penetration through sebaceous glands. In an earlier 
study with topical histamine, Shelley and Melton 
(44) did not observe any difference in urticaria 
among the arms, back, chest, thigh, and leg. Feld- 
mann and Maibach (75), in studies of 14C-hydro- 
cortisone, noted that measurable absorption occurred 
through all regions of human skin except the heel. 
The absorption seemed greater in areas where folli- 
cles were large or more numerous, such as the fore- 
head and scalp, and decreased where the stratum cor- 
neum was thicker, such as the foot. 


Tregear (157), on the other hand, from studies of 
rapidly absorbed tributyl phosphate, concluded that 
hair follicles do not increase penetration. Laug et al. 
(1x9, working with rabbits, studied the penetration 
of mercury ointment through the skin and found no 
significant difference in penetration between the 
back and the belly. However, Smith et al. (155) ob- 
served a difference between the times taken for local 
anesthesia to develop on scrota1 and abdominal skin 
after the topical application of lidocaine. With in 
uitro experiments, they also found other differences 
in the penetrability of skin between these two areas. 


Species Variation-Humans and animals display 
wide differences in physical characteristics such as 
the number of appendageal openings per unit area 
and the thickness of the stratum corneum. These 
physical and structural differences obviously affect 
the penetration pathways and the penetration resis- 
tance of skin (26). The skin of rabbits, rats, and mice, 
which have been used frequently in work on percuta- 
neous absorption, lacks sweat glands and abounds in 
hair and hair follicles in contrast to human skin. In 
addition, it is virtually impossible to apply small 
amounts of aqueous solution uniformly to hair- 
clipped animal skin. Moreover, when animals are 


used, some additional technical care must be taken to 
avoid unexpected disturbance of that part of the skin 
where a sample has been topically applied. 


In spite of all these limitations, animals have been 
used in many studies on the percutaneous absorption 
of various substances, because biologically dangerous 
substances, including radioactive compounds, are 
under many restrictions as to the application to 
human subjects and the excision of normal human 
skin for the evaluation of any substance absorbed 
through the skin is hard to accomplish (44, 159-161). 
Yet, human skin, either living or excised, is easily ob- 
tained and usually more suitable than animal skin if 
the intent is to find out about the penetration capaci- 
ty of a substance applied topically. Furthermore, bio- 
chemical differences between animal and human 
skin, even when subtle, may significantly alter skin 
reactions with penetrant chemicals (26). 


Species variations of barrier permeability have 
been noted only in the broadest sense (3). The skin of 
common laboratory rodents is more permeable than 
human skin (4). The relationship between species is 
not consistent for different substances, but the aver- 
age permeability order is rabbit > rat > guinea pig > 
humans. The largest deviation from the average is 
that human skin is very much less permeable to ions 
than is rabbit or guinea pig skin. While penetrability 
through rabbit skin is rapid, the structure of the epi- 
dermis or appendages does not appear to differ sig- 
nificantly from that of other animals more resistant 
to penetration (3, 162, 163). In certain studies, intact 
guinea pig skin has given results similar to human 
skin (164). 


Notable studies include those of Stolar et al. (165), 
who used rabbits to study the absorption of sodium 
salicylate from hydrophilic ointment. Desgroseilliers 
et al. (69) used young domestic pigs for topical ste- 
roid absorption. Sweeney et al. (146) chose hairless 
mice for an investigation of the effects of dimethyl 
sulfoxide on water passage because of the absence of 
eccrine sweat glands and the presence of small-sized 
hair follicles. Penetration of fluorouracil through 
human and hairless mouse skin was measured in 
uitro, and the results were compared using radioac- 
tive-labeled drugs and a GC method specific for the 
free fluorouracil molecule (166). Significantly greater 
drug penetration was obtained in the mouse samples 
using both methods of detection. 


Hydration-Hydration of the stratum corneum is 
among the most important factors in skin penetra- 
tion, increasing the rate of passage of all substances 
that penetrate the skin. Hydration results from water 
diffusing from underlying epidermal layers or from 
perspiration accumulating after application of an oc- 
clusive vehicle or covering on the surface. Under oc- 
clusive conditions, the stratum corneum is changed 
from a tissue that normally contains very little water 
(5-15%) to one that may contain as much as 50% 
water. Permeability increases four- to fivefold. 


Hydration apparently “opens” the compact sub- 
stance of the stratum corneum, as can be demon- 
strated dramatically in rats by comparing the LD50 of 
percutaneously administered substances under oc- 
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cluded and unoccluded conditions. Brown (167) ob- 
served that the percutaneous LD50 of dinitrobutyl- 
phenol is 140 mg/kg when applied under occluded 
conditions and 1000 mg/kg under nonoccluded condi- 
tions. However, not all substances are influenced in 
the same way, and the same investigator found that 
the percutaneous LD50 of parathion was greater 
under occluded conditions than when the treated 
area was left uncovered. 


Hydration of the epidermis has been shown to in- 
crease the percutaneous absorption of nicotinic acid 
(85) and salicylic acid (5). Wurster and Kramer (105) 
measured the rate of penetration of esters of salicylic 
acid through skin with dry and hydrated stratum cor- 
neum. When the tissue was hydrated, the rate of pen- 
etration of the most water-soluble ester increased 
more than that of the other esters studied. Working 
with aspirin in a temperature-humidity chamber, 
Fritsch and Stoughton (49,118) showed the dual im- 
portance of these factors on the penetration of ex- 
cised skin. Full hydration of the keratin, accom- 
plished by layering water over 14C-aspirin on the epi- 
dermal surface, dramatically increased the penetra- 
tion when compared to conditions of 88% humidity at 
the same temperature. There is little doubt that 
heavy hydration of the horny layer drastically reduc- 
es the barrier efficacy. 


Further evidence of the importance of hydration 
can be found in investigations employing occlusive 
plastic films in steroid therapy. Here the prevention 
of water loss from the stratum corneum and the sub- 
sequent increased water concentration in this skin 
layer apparently enhance the penetration of the ste- 
roid (81, 113, 168-170). McKenzie and Stoughton 
(81) showed that penetration of corticosteroids may 
be increased 100-fold by occluding the site of applica- 
tion and thus hydrating- the stratum corneum. Vick- 
ers (113) demonstrated that occlusion not only en- 
hances penetration of corticosteroids but also creates 
a depot effect in the stratum corneum. 


The mechanisms of skin transport have already 
been discussed. The mechanism of transport of a 
drug through hydrated stratum corneum may be 
quite different from that through normal stratum 
corneum. Shelmire (171) suggested that the mecha- 
nism of hydration was to increase the size of the 
pores. There is not only a physical alteration of the 
tissue due to hydration, but at high water activities 
there are also changes in both the diffusion coeffi- 
cient and activity coefficients of the penetrating 
agent (121). The important thing is the thermody- 
namic activity of water in the barrier phase, not just 
the amount there. 


One would expect the rate of penetration of water- 
soluble drugs to be faster through hydrated than 
through normal stratum corneum (31). The low diffu- 
sion constant and high activation energy obtained for 
water and polar alcohols and the selective diffusion 
exhibited by molecules of varying polar character 
suggest that extensive hydration does not drastically 
affect the barrier function of the stratum corneum. 
The hydrated stratum corneum is one of the most 
water-impermeable biological membranes found in 


nature, although it is slightly more efficient before 
extensive hydration and presumably in uiuo (35). A 
two-phase series model for the permeability behavior 
of the fully hydrated stratum corneum showed rea- 
sonable correlation between experimental permeabil- 
ity coefficients and partition coefficients (172). 


Temperature-Relatively little attention has 
been paid to the effects of temperature on percuta- 
neous absorption. Under normal in uiuo conditions, 
substances penetrate the skin only within a very nar- 
row temperature range. Clinical variations derive 
chiefly from occlusion. I n  uitro experiments may be 
conducted over a much wider range. 


Blank and Scheuplein (31) observed little alter- 
ation of the permeability of the barrier from exposure 
for several hours to temperatures as high as 60°. 
However, Allenby et al. (147) showed that the stra- 
tum corneum undergoes irreversible structural 
changes when heated above 65' or when incubated in 
aqueous media at pH <3 or >9. 


The dual effects of both temperature and humidity 
were shown clearly by Stoughton and Fritsch (118), 
who demonstrated considerable increases in the per - 
cutaneous absorption of aspirin and corticosteroids 
as the temperature rose and, especially, as humidity 
increased. I n  uiuo work with occlusion (81, 113) and 
clinical studies (169) have corroborated the roles of 
temperature and humidity. 


Blank and Scheuplein (31) studied the rates of 
penetration of ethanol and l-pentanol within the 
0-55O range. The flux, or the amount of alcohol pene- 
trating per unit area in unit time, was an exponential 
function of the temperature. The energies of activa- 
tion were determined by Arrhenius plots of the log of 
the permeability constant against the reciprocal of 
the temperature. The activation energies of the two 
alcohols differed measurably from one another and 
were higher than those obtained for diffusion of the 
same substances in solutions. The magnitude of the 
activation energies for the penetration of the low mo- 
lecular weight alcohols through the skin indicated 
that penetration was a more complex process than 
diffusion through vehicle-filled channels. 


Drug Concentration-The amount of drug per- 
cutaneously absorbed per unit surface area per time 
interval increases as the concentration of the drug in 
the vehicle is increased. Also, more drug is absorbed 
per time interval at a constant drug concentration if 
the drug is applied to a larger surface area. However, 
with a few compounds, increasing concentrations 
produce significant decreases in absorption rates. 
This finding has been recorded for substances that 
produce caustic effects on the skin in relatively high 
concentrations, thereby producing an artificial bar- 
rier-often with obvious crust formation-which im- 
pedes effective penetration. Such effects for sub- 
stances that freely penetrate the barrier in low con- 
centrations have been described for higher concen- 
trations of phenol (173) and hydrogen sulfide gas 
(174). 


The duration of contact with the skin as well as the 
concentration of the penetrant play important roles 
in skin diffusion. Tregear (4) showed that the perme- 
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ability constant of thioglycollic acid is dependent on 
concentration and probably on time of contact as 
well. The positive penetrative effects of increased 
concentrations of the steroids flucloronide (1751, beta- Rating pcm/min Example 


Aluminum salts methasone (521, cortisone (76), hydrocortisone (76), 
testosterone (761, and androstenedione (76) have zcg 'low 0.1-1.0 Tripropyl and tributyl 
been demonstrated. In addition to the steroids, Mai- phosphates, methyl- 


Table I-Rating Chart for Human Skin Penetrants" 


Permeability 
Con stan t, Penetrant 


<0.1 


bach and Feldmann (76) showed penetration-con- 
centration dependence for caffeine, salicylic acid, and 
benzoic acid. 


Skog and Wahlberg (176) showed a definite in- 
crease in the absorption of various compounds with 
increasing concentration in guinea pigs. They noted 
increasing penetration up to a certain point, at  which 
a plateau was reached. This finding may indicate that 
the barrier layer may not be influenced by diffusion 
gradients and may merely act as an absolute limiting 
step, limiting the total amount of any substance pass- 
ing through in unit time. With true steady-state dif- 
fusion, permeability constants are independent of 
concentration. The neurological difficulties experi- 
enced in rats with topical administration of hexachlo- 
rophene prompted a series of investigations regard- 
ing its percutaneous absorption (177-181). Perme- 
ability constants, diffusion constants, and mem- 
brane-vehicle partition coefficients were determined 
(181). 


One of the anomalies of the action of dimethyl 
sulfoxide on skin penetration is its unusual concen- 
tration dependence. Low concentrations are virtually 
without effect; as the concentration is increased, 
there is a rapid enhancement of percutaneous pene- 
tration (182). A direct relationship was obtained be- 
tween the concentration of dimethyl sulfoxide and 
the rate of penetration of potassium methyl sulfate 
(183). 


The effect of concentration as a factor controlling 
the rate of permeation of a drug through a membrane 
can be examined by reference to Fick's general law of 
diffusion which, in essence, states that the driving 
force causing the transfer of a substance from regions 
of high to regions of low concentration is proportional 
to the concentration gradient. Fick's law is commonly 
written as J, = K p  AC,, where J, is the flux across 
the membrane, K p  is the permeability constant, and 
AC, is the difference in concentration on the two 
sides of the membrane. 


By varying the concentration of the penetrant and 
observing the consistency of Kp, one can determine 
the extent to which Fick's law is applicable under the 
experimental conditions. When Fick's law is indeed 
applicable, the K p  value provides a satisfactory basis 
for comparing penetration rates obtained in different 
laboratories with different concentrations and tech- 
niques. 


Over a wide concentration range, flux will be pro- 
portional to concentration only if the membrane re- 
mains unaffected by the concentrated solutions and 
if the partition coefficient remains constant over the 
entire concentration range (10,91, 126). In a study of 
the penetration of low molecular weight alcohols (431, 
Fick's law held accurately only for relatively low con- 
centrations. With high concentrations, the flux of 


salicylate 


phosphates, ethanol 
Moderate 1.0-10.0 Trimethyl and triethyl 


Fast 10.0-100.0 n-Butanol, laurate 
Very fast >100.0 n-Pentanol 


a From Ref. 26. 


some alcohols leveled off and then decreased. 
Marzulli et  al. (26) proposed a scheme for rating 


substances as to their capacity for penetrating 
human skin according to their K p  value (Table I). 
Table I is based on permeability constants, most of 
which were compiled by Tregear (91) and which 
range from 0.02 to 200. Five categories are provided 
covering five orders of magnitude, with descriptive 
terms assigned to each category. 


Solubility Characteristics of Penetrant-The 
solubility characteristics of a substance greatly influ- 
ence its ability to penetrate biological membranes. 
The lipid-water solubility pattern of the applied ma- 
terial was recognized at the beginning of this century 
in the Meyer-Overton theory of absorption. This 
theory stated that, because the epidermal cell mem- 
brane consists of a mosaic pattern of lipid and pro- 
tein molecules, substances soluble in lipids pass 
through the cell membrane owing to its lipid content 
while water-soluble substances pass after the hydra- 
tion of the protein particles in the cell wall, which 
leaves the cell permeable to water-soluble substances. 
The validity of this theory and the importance of 
ether-water solubility coefficients have been shown 
on many occasions and in relation to many drug 
groups (2). In essence, the aqueous solubility of a 
drug determines the concentration presented to the 
absorption site, and the partition coefficient strongly 
influences the rate of transport across the absorption 
site (184). 


Since the Meyer-Overton theory appeared, numer- 
ous papers have been published reporting the percu- 
taneous absorption of various lipid-soluble sub- 
stances. Since Minato et  al. (160) comprehensively 
reviewed these studies, only recent notable studies 
will be included here. Tregear (4) reviewed the per- 
meability of the skin to water, electrolytes, and or- 
ganic solvents. Treherne (25) related the permeabili- 
ty constants of a series of compounds to their ether- 
water partition coefficients and suggested that a par- 
tition coefficient of unity might favor skin penetra- 
tion. 


A similar relationship between the vasodilator ac- 
tivity and lipid-water partition coefficient was dem- 
onstrated for a series of esters of nicotinic acid by 
Stoughton et al. (80). They also found a similar cor- 
relation between the benzene-water partition coeffi- 
cients and the penetration of the epidermis by a se- 
ries of closely related boronic acid derivatives. Cronin 
and Stoughton (48) estimated the penetration of nic- 
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otinic acid and one of its esters, ethyl nicotinate. 
They were able to show a very dramatic difference 
(37,000-fold) between the penetration rates of the 
two materials and postulated that the differing ether- 
water partition coefficients of the two compounds 
were at least in part responsible for the difference. 
They noted that ethyl nicotinate was some 10,000 
times more volatile than nicotinic acid; since it is 
known that gases penetrate the epidermis very readi- 
ly (185, 186), they postulated that the increased vola- 
tility was primarily responsible for the increased pen- 
etration. 


The magnitude of the effect of moisture on the 
percutaneous diffusional rates of several salicylate 
esters has been shown to be proportional to the oil- 
water distribution coefficient and the water solubility 
of these closely related compounds (105). In the case 
of surfactants, the combination of hydrophobic and 
hydrophilic characteristics affect penetration (145, 
183). Absorption profiles for a series of salicylates 
through intact rat skin showed decreases with in- 
creasing pH (187). Absorption apparently ceased if 
the degree of ionization was higher than 99.9% or if 
less than 0.1% of the drug was in the unionized form. 
For salicylic and p -  aminosalicylic acids, absorption 
curves strictly followed the pH-partition hypothesis. 


In the formulation of preparations for topical ap- 
plication, it is profitable to select or prepare com- 
pounds having the required solubility characteristics 
before attempting to promote their penetration by 
pharmaceutical manipulation. This is exemplified by 
the development of topical corticosteroid prepara- 
tions. Triamcinolone possesses five times the system- 
ic activity of hydrocortisone but only one-tenth of its 
topical activity. Conversion df triamcinolone to its 
acetonide enhances its topical activity 1000-fold 
(188). Similarly, betamethasone has 30 times the sys- 
temic activity of hydrocortisone but only 10 times its 
topical activity. 


Of 23 esters of betamethasone examined (114), be- 
tamethasone 17-valerate possessed the highest topi- 
cal activity and this coincided with the most bal- 
anced lipid-water solubility coefficient. The activity 
became less as the derivatives became more lipid and 
less water soluble. Compounds that were more solu- 
ble in water and less soluble in lipids were similarly 
less active on topical application. Katz and Shaikh 
(184), utilizing the vasoconstriction end-point for 
topical corticosteroids, secured results which seem to 
indicate that the efficiency of percutaneous absorp- 
tion may be a function of the product of the partition 
coefficient and the square root of the aqueous solu- 
bility. The results are in agreement with developed 
theoretical considerations (121). This finding 
suggests that increases in topical corticosteroid anti-’ 
inflammatory activity, produced by molecular modi- 
fications, are in great measure proportional to 
changes in solubility and the partition coefficient. 
This effect of steroid solubility is a major factor in 
penetration from varied vehicles (51, 53, 54, 184, 
189). Several cream and ointment vehicles were de- 
veloped for flucloronide. Enhanced drug release and 
superior vasoconstrictor activity were demonstrated 


from vehicles where the drug was entirely solubilized 
(190). 


Allenby et al. (147), in a study of the effect of vari- 
ous solvents on the electrical impedance of skin, 
found that dimethyl sulfoxide, dimethylformamide, 
and dimethylacetamide produced large and rapid 
changes. All of these compounds have aprotic mole- 
cules and form strong hydrogen bonds. They also 
have high lipid and water solubilities. Diethylfor- 
mamide and tetramethylurea were without observ- 
able effect despite their strong solvent powers. Di- 
methyl sulfoxide-water mixtures containing less than 
50% dimethyl sulfoxide were inactive, but more con- 
centrated dimethyl sulfoxide mixtures produced im- 
pedance changes which increased with concentration. 
Accelerants will be treated further in the section on 
vehicles. 


If a substance is much more soluble in the stratum 
corneum than in the vehicle in which it is dissolved, 
when presented to the stratum corneum the concen- 
tration in the first layers of the stratum corneum at 
equilibrium may be much higher than the concentra- 
tion in the presenting solvent. The concentration in 
the lower layers of the stratum corneum remains near 
zero, since these layers are in contact with a fluid 
that is being continuously replaced or through which 
diffusion is relatively rapid. The flux, therefore, is 
more accurately related to the difference in concen- 
tration in the top and bottom layers of the stratum 
corneum than to the difference in concentration in 
the solutions on the two sides of the membrane (126). 
The concentration in the top layer of the stratum 
corneum is determined by the relative solubility of 
the penetrant in the stratum corneum and the vehi- 
cle, i.e., the partition coefficient ( K d .  Fick’s law is 
now expanded to: 


where 6 is the thickness of the stratum corneum. 
(This term was treated previously.) I t  is now seen 
that: 


Thus, after k, and K ,  are determined experimental- 
ly and 6 is known, D ,  can be calculated. The nonho- 
mogeneous nature of the stratum corneum and the 
complications and uncertainties attendant upon an 
accurate determination of K,,, and 6 would appear to 
pose serious limitations in developing a satisfactory 
diffusion constant (0) for human skin (126). Yet, the 
equations describe reasonably well the permeability 
of the skin to nonelectrolytes. 


Blank and Scheuplein (31), in studies of homolo- 
gous alcohols from methanol to octanol, noted that 
water solubility decreased and lipid solubility in- 
creased with increasing molecular weight and the 
rate of penetration increased as the molecular weight 
increased. The permeability constants were directly 
proportional to the partition coefficients. Thus, with- 
in a given molecular series [of constant or nearly con- 
stant diffusivity @)], the observed steady-state flux 
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(J$ and permeability constant (kp) are directly pro- 
portional to the relative solubility of the substance in 
the skin, as expressed by the membrane-solvent par- 
tition coefficient (K,J (124). 


Solubility is certainly a very important factor in 
determining the rate at which a penetrant passes 
through a membrane. However, before solubility fac- 
tors can be truly related to flux, the specific stratum 
corneum-vehicle partition coefficient rather than the 
ether-water partition coefficient must be known (31, 
121). The positive correlations of the straight chain 
alcohols and of other compounds (25, 48, 80) with 
ether-water partition coefficients may be fortuitous. 
Lien and Tong (191), using computerized multiple- 
regression analysis, showed that, for many series of 
drugs, percutaneous absorption through intact skin is 
highly dependent upon the lipophilic character as 
measured by log partition coefficients. Electronic and 
steric terms appear to play minor roles. 


The partition coefficient between the membrane 
itself and the solvent may be determined by allowing 
a weighed sample of stratum corneum to come to 
equilibrium with a small volume of a solution of a so- 
lute of known concentration. The loss in concentra- 
tion is determined, and the concentration in the stra- 
tum corneum can be calculated from this loss (126). 


Enough data are now available to indicate that not 
only the solubility of the penetrant in the stratum 
corneum but also the ease with which it diffuses 
through the stratum corneum influences the flux. As 
polar groups are added to the diffusing molecule, 
forces of attraction between these groups and polar 
sites within the stratum corneum increase and the 
diffusivity of the molecule therefore decreases (124, 
126). The polarity is affected also by the pH. The 
best absorption takes place when the concentration 
of nonpolar molecules is greatest, thereby positively 
affecting the diffusion gradient of drug by mass ac- 
tion in a direct ratio. 


When the penetrant passes through the stratum 
corneum, it encounters the much less compact tissues 
of the stratum germinativum and dermis. No satis- 
factory way has been found for isolating the stratum 
germinativum as an intact membrane for measure- 
ment of its permeability. The relatively few compari- 
sons that have been made between the permeability 
of the stratum corneum and the entire epidermis in- 
dicate that the stratum germinativum offers very 
limited resistance to movement of molecules. The 
stratum corneum offered three orders of magnitude 
greater resistance to diffusion than did the dermis in 
the study of penetration of alcohols (10, 35). 


Molecular Characteristics of Penetrant- 
While there is little doubt that factors such as hydra- 
tion and solubility are uppermost, molecular features 
such as size and shape must play a part in penetra- 
tion. Surprisingly little is known of the importance of 
the molecular characteristics of the applied agent. 
There are few published reports in which permeabili- 
ty coefficients are correlated with the size of pene- 
trating molecules. Virtually nothing is known of the 
effect of molecular shape. 


An inverse relationship appears to exist between 


absorption rate and molecular weight (4, 31, 62, 80, 
91, 192). Small molecules penetrate more rapidly 
than large molecules, but within a narrow range of 
molecular size, there is little correlation between size 
and penetration rate. Diffusion constants through 
the hydrated stratum corneum for many low molecu- 
lar weight compounds are approximately the same 
(124). The specific effect on the penetration rate of 
the size and shape of the penetrating molecules can 
be determined only if the effect of size and shape can 
be separated from the effect of solubility characteris- 
tics. The effect of polarity was discussed previously. 


Molecular characteristics, yet unresolved, are in- 
volved in penetration. Feldmann and Maibach (73) 
determined the human urinary excretion of a series 
of topically applied molecules of relatively similar 
molecular weight (-200). There was a large differ- 
ence in penetration of the compounds tested. The 
range for total absorption was greater than 250 times, 
while differences in the maximum absorption rate 
were greater than 1000-fold. Closely related com- 
pounds showed great differences in penetration. Ben- 
zoic acid was absorbed 200 times more than its gly- 
cine conjugate, hippuric acid. Nicotinic acid showed 
minimal penetration while 10% of its amide, nicotin- 
amide, was absorbed. Compounds such as hippuric 
acid, nicotinic acid, and nitrobenzene support the 
generally held view of the effective barrier properties 
of the skin; others such as dinitrochlorobenzene, caf- 
feine, and benzoic acid penetrate so extensively as to 
suggest that the human skin has little barrier proper- 
ties to them. 


Higher molecular weight materials also show vari- 
able penetration. Tregear (192) measured the rabbit 
and human skin penetration of large molecules such 
as serum albumin, polyvinylpyrrolidone, and two 
dextrans having molecular weights of 9400 and 
153,000. The albumin penetrated the skin a t  a slower 
rate than it penetrated the excised skin. The labeled 
polyvinylpyrrolidone penetrated the slowest; the 
lower molecular weight dextran penetrated the fast- 
est. Very large molecules such as proteins and poly- 
saccharides went through very poorly, if a t  all. The 
use of dimethyl sulfoxide as a penetration carrier in- 
dicated that substances having molecular weights of 
3000 or more cannot be transported into the skin 
(193). 


Vehicles-The influence of formulation and selec- 
tion of particular vehicles has been neglected from 
the point of view of their penetration of the skin. Few 
studies or techniques apparently can be used routine- 
ly to observe the role that a vehicle, or a particular 
component in a vehicle, will play on the overall per- 
cutaneous absorption of a drug. The lack of these 
studies can be partly related to the difficulties of rou- 
tinely setting up percutaneous absorption studies 
and also to the emphasis given to other factors during 
the development of a topical vehicle or pharmaceuti- 
cal product. The emphasis has generally been placed 
on the compatibility, stability, and appearance of the 
product rather than on the influence that the compo- 
nents in the vehicle may have on enhancing or hin- 
dering the movement of the drug through the skin 
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(123). It is only quite recently that experimental and 
clinical evidence has been produced to suggest that 
the vehicle can materially affect skin penetration 
(50-54, 84, 175, 184, 189, 194, 195). Particularly nota- 
ble is the critical review of Poulsen (195) who ana- 
lyzed the factors involved in optimizing drug avail- 
ability from topical dosage forms. 


The literature on the influence of vehicles on skin 
penetration is confusing and sometimes contradicto- 
ry because: (a) a variety of experimental animals 
have been used, (b) many different methods of esti- 
mating skin penetration have been used, (c) there is a 
lack of awareness of possible drug-vehicle interac- 
tions and of the functions of different vehicles (10, 
11, 196), and (d) there is a lack of consideration of 
the thermodynamics involved in the interpretation of 
results (10,12, 121,197). 


Rothman (1) reviewed the literature on vehicles up 
to 1954, and Barr (7) reviewed this literature to 1962. 
More recent reviews have been prepared (2, 5, 8, 11, 
50,116,196,198,199). The bulk of recent data on ve- 
hicular effects in percutaneous absorption has been 
derived from studies of corticosteroids (11, 17, 51,63, 
84, 116, 118, 119, 175, 194, 198, 200-205). Katz and 
Poulsen (17) discussed the interactions among the 
drug, the vehicle, and the skin. Their goal was the de- 
sign of a dosage form that not only had good physical 
stability and patient acceptability but also that pro- 
vided the optimum environment for the release of the 
corticoid from the vehicle and its penetration 
through the skin barrier. 


The primary requirement for topical therapy is 
that a drug incorporated in a vehicle reach the skin 
surface at  an adequate rate and in sufficient 
amounts. A t  one time, the primary factor influencing 
penetration through the skin was believed to be the 
vehicle itself. The bulk of evidence now indicates 
that unless an applied material is capable of passage 
through either the skin barrier or follicles, the vehicle 
is only of subsidiary importance. Hence, there are 
two general approaches to the problem of the devel- 
opment of vehicles that may increase penetration. 
One is to include agents in the vehicle that affect the 
barrier function of the epidermis so as to promote 
penetration of the therapeutic compound (111, 118, 
11.9,194). The other is to alter the physical character- 
istics of the vehicle and thus affect the diffusion of 
the drug from the vehicle into the skin (51,54). 


For the latter, it  is advantageous to choose vehicles 
that do not bind the incorporated drug too strongly, 
because the drug has to separate from the base before 
it enters the cells. In uiuo (52) and in uitro (31) stud- 
ies have shown that the release of a substance will be 
favored by the selection of vehicles having a low af- 
finity for the penetrant or in which the drug is least 
soluble. This finding is consistent with the view that 
the rate of release is governed by the vehicle to recep- 
tor phase (stratum corneum) partition coefficient. 


For the first approach, penetration may be en- 
hanced by a vehicle in which the drug is soluble if the 
solvent lowers the resistance of the skin to penetra- 
tion either by producing changes in the transepider- 
ma1 barrier or by modification of the follicular and 


sebaceous route, such as with dimethyl sulfoxide. 
Other drug-vehicle factors that are likely to be im- 
portant are the particle size of poorly suspended 
drugs, the viscosity of the vehicle, and the drug con- 
centration in the vehicle. A reduction in the particle 
size of fluocinolone acetonide has been shown to en- 
hance its penetration (200, 201). Where a drug exists 
in more than one crystalline form, the one with the 
highest thermodynamic activity would be expected to 
penetrate most rapidly, provided it is stable (12,121). 


While vehicles appear to play a secondary role in 
transepidermal absorption, they are of considerable 
significance in enhancing absorption by the transap- 
pendageal route. Notable in this context is a vehicle 
consisting of water, propylene glycol, and wetting 
agents (44, 46). Increases in strictly perifollicular 
physiological responses to pilocarpiee, histamine, 
and adrenalin were noted, with no significant 
changes in areas without follicles (44). While it is 
probable that wetting agents are the prime reason for 
the increase in transappendageal absorption, the 
physical nature of the base is also important. 


The main factors in the physicochemical relation- 
ship of the penetrant to the vehicle appear to be the 
solubility of the penetrant in the vehicles or a con- 
stituent of the vehicle, the rate of diffusion of the 
penetrant within the vehicle, the rate of release of the 
penetrant from the vehicle, and the possible release 
of the penetrant in solubilized form together with a 
constituent of the vehicle (51, 195, 206). The one 
variable that can be altered is the thermodynamic ac- 
tivity of the drug in the vehicle. This thermodynamic 
activity is the product of the concentration of the 
drug and its activity coefficient in the vehicle. In a 
study of the effect of thermodynamic activity on the 
percutaneous absorption of methyl nicotinate from a 
water-glycerol mixture, the time of onset of erythe- 
ma was the same for solutions of equal thermody- 
namic activity (207). 


For most substances, the rate of penetration is lim- 
ited by the impermeability of the skin. In such cases, 
the highest thermodynamic potential in the applied 
phase is necessary to obtain the maximum rate of 
penetration. Many investigators have indicated the 
importance of the drug concentration in a topical 
preparation, but few have indicated that the activity 
coefficient may be changed in many ways. Some in- 
vestigators increased the concentration of the drug in 
the vehicle but actually lowered thermodynamic ac- 
tivity because they apparently were not aware of the 
effect of pH and other factors. 


Higuchi (121) pointed out that the driving force 
behind the drug movement is the difference in the 
thermodynamic potential between the vehicle and 
the deeper tissues, and the direction of flow for sys- 
tems is always from the higher thermodynamic po- 
tential to the lower thermodynamic potential. He de- 
rived the following equation describing the variables 
affecting the rate of release of solid drugs suspended 
in a vehicle: 


9 = ' j T  
dt 2 
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where: 


dq/d t  = rate of drug released per unit area of surface 


A = total concentration of the drug in the vehicle 


C ,  = solubility of the drug in the external phase of 


D = diffusion constant of the drug molecule in 


t = time at which the amount of drug released is 


When much more solid drug is present than is re- 
quired to saturate the external phase of the vehicle 
(A >> C,), Eq. 4 can be simplified to: 


exposure 


(suspended and dissolved drug) 


the vehicle 


the external phase of the vehicle 


determined 


Since the skin probably does not function as a perfect 
sink, absorption measurements would not be expect- 
ed to agree initially with the rate of release and, con- 
sequently, the rate of absorption predicted by Eq. 5. 
However, once the rate of drug penetration across the 
major barrier reaches a steady state, absorption by 
the lower tissues should approximate the value pre- 
dicted. Whether absorption by the epidermal and 
dermal phases would be proportional and whether 
absorption by either phase would agree with the ab- 
sorption predicted by Eq. 5 would depend again on 
the relative affinity of the penetrating drug for each 
phase. There is evidence that absorption by the two 
phases of a drug suspended in systems such as de- 
scribed by Eq. 5 is not proportional (12, 121, 197, 
208). 


The permeability constant quantifies C, and D as 
the product of the effective partition coefficient (PC) 
of the drug between the skin barrier and the vehicle 
and its diffusivity (Db) in the skin or: 


permeability constant = ( P O  fDb)  (Eq. 6) 


Using this equation, the rate of percutaneous absorp- 
tion of drugs, applied as fine suspensions, can be de- 
scribed as a function of the product of the amount of 
drug released from the vehicle to the absorption site 
and its permeability constant for transport through 
the barrier phase. Combining the previous equations 
yields: 


The release rate of a drug from the vehicle may be 
regulated by controlling A, D, and C,. If an aqueous 
solution is the external phase of the vehicle, C, can be 
varied by changing the effective pH of the vehicle for 
poorly soluble, weakly acidic and basic drugs. The ac- 
tivity coefficient of the molecular form of such drugs 
(the molecular or unionized form being assumed to 
be the species absorbed) is a rapidly changing func- 
tion of pH for pH values greater than the pKa for aci- 
dic drugs and less than pKw - pKb for weakly basic 
drugs. The activity of the molecular species of a 
weakly acidic drug will be higher a t  low pH values 
and the activity of molecular species of a weakly 


Table 11-Permeability Constants (cm hr-l X 103) for 
Ethanol and Heptanol when Penetrating from 
Different Vehicles" 


Vehicles 
Isopropyl Mineral 


Alcohols Water Myristate Oil 


Ethanol 0 . 6  9 . 5  20.0 
Heptanol 35.0 0 . 2  1 .o  


a From Ref. 35. 


basic drug will be higher a t  higher pH values (121). 
Thus, a weakly acidic compound, buffered to a weak- 
ly acid pH, will have a higher activity than if i t  were 
buffered at  an alkaline pH and, consequently, its re- 
lease will be dramatically improved. The converse is 
true of weakly basic compounds (11). 


Equivalent relationships can be used to approxi- 
mate the penetration of the barrier phase of the skin 
by a drug dissolved in a topical vehicle: 


(Eq. 9) 


where: 


d Q / d t  = steady rate of penetration 
( P C )  = effective partition coefficient of the drug be- 


tween the skin barrier and the vehicle 
C ,  = concentration of the drug in the vehicle 
D = effective average diffusivity of the drug in 


A = cross-sectional area of the application site 
L = effective thickness of the skin barrier 
a, = thermodynamic activity of the drug in the 


ys  = effective activity coefficient of the drug in 


If Eqs. 4 and 5 are considered with the objective of 
altering the penetration of a topically applied drug, it 
becomes apparent that only certain terms are readily 
susceptible to manipulation by the formulator. These 
terms are the partition coefficient ( P C )  and drug 
concentration (C,) terms of Eq. 8 and, equivalently, 
the activity term (au) of Eq. 9 (51). Relationships be- 
tween partition coefficients of various compounds 
and skin penetration have been reported (25,80, 184, 
209,210). The partition coefficient can be defined as: 


(Eq. 10) 
7,. 


PC = - 
Y. 


where y, and ys are the activity coefficients of the 
drug in the vehicle and skin, respectively. While it 
may be necessary to regard the activity coefficient of 
the drug in the skin barrier phase as an unknown and 
unalterable value, yu can be modified simply by al- 
tering the composition of the vehicle. The mathemat- 
ical analysis of permeability data has been reviewed 
(16,206). 


For a given concentration of drug in certain vehi- 


the skin barrier 


vehicle 


the skin barrier 
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cles, the activity coefficient of the drug and, conse- 
quently, the thermodynamic activity of the drug in 
the vehicle a t  that concentration may vary by a factor 
as much as a 1000-fold (121) from one vehicle to the 
next. Solutes held firmly by the vehicle, such as when 
the drug forms a soluble complex with the vehicle, 
exhibit low activity coefficients; hence, the release 
rate from such drug-vehicle combinations is slow. So- 
lutes held “loosely” by the vehicle (less affinity of the 
vehicle for the drug or solute) exhibit high activity 
coefficients; therefore, the rate of release from such 
drug-vehicle combinations is faster (121). 


Blank and Scheuplein (31) and Scheuplein (35) 
demonstrated the variability of permeability con- 
stants when alcohols, such as polar ethanol and non- 
polar heptanol, are dissolved in solvents other than 
water (Table 11). Ethanol penetrates better from the 
oils than from water, but the reverse is true for hep- 
tanol. Moreover, the penetration for both alcohols 
from the two oily vehicles varies. It is reasonable to 
assume for each of these alcohols that once the alco- 
hol is transferred to the skin from any vehicle, the 
diffusivity through the stratum corneum (03 does 
not vary. Therefore, the change in flux for any alco- 
hol from different vehicles must result from changes 
in the partition coefficient as the vehicle is varied. 
The polar alcohol tends to stay in the polar vehicle 
and not be transferred to the skin, but it is trans- 
ferred from oily vehicles; the reverse is expected for 
the nonpolar alcohol. 


Wagner (12) pointed out that thermodynamic con- 
siderations can help explain varied results with sali- 
cylic acid (165, 211-215) and sulfanilamide (211, 215) 
used as tracers in dermatological research. The activ- 
ity coefficients of these tracers and their thermody- 
namic activities a t  a given concentration in the vari- 
ous vehicles would be expected to  vary widely just on 
the basis of the nature of the vehicles and tracers em- 
ployed in these studies. Polyethylene glycols complex 
salicylic acid; therefore, one would expect the ther- 
modynamic activity of salicylic acid a t  a given con- 
centration in polyethylene glycol ointment to  be very 
low. Barrett et al. (196) noted that polyethylene gly- 
col slowed down the penetration of methyl nicotinate 
and attributed this finding variously to an adverse 
diffusion coefficient in the vehicle, to an inability to 
hydrate the stratum corneum, or to an osmotic effect 
which would tend to dehydrate the horny layer. Com- 
mercially available formulations of corticoids were 
compared by the vasoconstriction test (216). Oint- 
ment vehicles were generally superior to  creams or lo- 
tions. 


The literature with regard to the advantage of one 
type of base over another is conflicting, yet the effi- 
ciency of various vehicles in aiding penetration can 
be reasonably predicted on the basis of their effect on 
(a) hydration of the stratum corneum or (b) the ac- 
tivity of water in the stratum corneum which influ- 
ences the stratum corneum-vehicle partition coeffi- 
cient. 


Greases and oils are the most occlusive vehicles 
and induce the greatest hydration through sweat ac- 
cumulation at  the skin-vehicle interface (171). This 


process is accentuated by covering the surface with 
occlusive bandages or plastic. Emulsions of the 
water-in-oil type are somewhat less occlusive than 
greases. Substances in the vehicle that have a high af- 
finity for water, such as humectants, tend to dehy- 
drate the stratum corneum and decrease penetration. 
Similarly, powders increase surface area, increase the 
rate of evaporation of water, and decrease the extent 
of hydration (171). 


The evidence of the role of a solvent, such as pro- 
pylene glycol, in skin penetration is conflicting (46, 
50, 51, 74, 175, 194, 201-205, 217). In combination 
with surfactants, propylene glycol was used to pro- 
mote the penetration of water-soluble substances uia 
the transfollicular route (46). It has been used as the 
preferred vehicle for the topical application of fluo- 
rouracil in the treatment of certain types of skin can- 
cer. A concentration of 1% fluorouracil has been 
found to be as effective clinically as a minimum con- 
centration of 5% in an ointment (217). Enhanced ef- 
fects were noted in absorption of fluocinolone aceton- 
ide (201, 202,205), betamethasone valerate (50), fluo- 
rometholone (204), flucloronide (179, and beclo- 
methasone dipropionate (204). However, Feldmann 
and Maibach (74) failed to confirm these findings in 
a study of the percutaneous penetration of hydrocor- 
tisone. 


Ostrenga et  al. (206) showed that, a t  moderate 
concentrations, propylene glycol has no apparent ef- 
fect on the permeability of the skin; but above 50%, 
the results suggest that the permeability of the bar- 
rier is decreased. The varying effect of propylene gly- 
col on the penetration of different drugs is probably 
due to their different solubilities. Penetration is 
probably greatest when the drug is present a t  its 
maximal solubility concentration. Below this level, 
the affinity for the drug may be greater than that of 
the skin and penetration is prevented (199). Dimeth- 
yl sulfoxide and dimethylformamide increased the 
penetration of hydrocortisone three to four times, 
whereas dimethylacetamide and propylene glycol de- 
creased it. These workers used undiluted solvents in 
their investigations, which may account for the ap- 
parent anomaly between their results and those of 
others (119,194,201,202). 


In a comparison of solvents, Brode (205) showed 
that, using ethanol as a standard, absorption of fluo- 
cinolone through rat skin was 9 for dimethyl sulfox- 
ide, 5 for propylene glycol, and 2 for tetrahydrofurfu- 
ryl alcohol. Absorption from a polyethylene glycol 
base was less than 20% of that from ethanol solution; 
from both aqueous and oily creams, the absorption 
was 80%; and from white soft paraffin, it was 60%. 
These results are in agreement with those obtained in 
human subjects (194,201). 


Dempski et  al. (189) noted that dexamethasone 
was released more rapidly from gelled isopropyl my- 
ristate than from petrolatum and two other nonaque- 
ous vehicles. Their studies demonstrated that the in 
uitro release of medicinal agents from topical bases is 
a function of the solubility of that agent in both the 
base and its surrounding medium. The medicinal 
must be sufficiently soluble in a nonaqueous base to 
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allow for its release into an aqueous medium but not 
so soluble to remain in that base preferentially. If the 
drug is insoluble in its vehicle, only the drug particles 
available a t  the surface of the vehicle apparently dis- 
solve into an aqueous medium. If the drug is partly 
soluble in the vehicle, it  seems to dissolve and diffuse 
throughout the medium as it dissolves from the sur- 
face and then returns to the surface for release into 
the surrounding medium. 


The vasoconstrictor activity of betamethasone 17- 
benzoate was studied in several ointment bases (218). 
Preparations containing the steroid in petrolatum- 
propylene glycol or in petrolatum-isopropyl myris- 
tate both gave rise to significantly higher total vaso- 
constriction than polyethylene glycol ointment BPC, 
the latter with varied amounts of propylene glycol, 
Plastibase, and a petrolatum-beeswax base (218). 


The role of emulsions, particularly with regard to 
oil-in-water and water-in-oil-bases, is unresolved (see 
Refs. 1 and 7 for reviews through 1962). Salicylic acid 
has been studied frequently in various vehicles (165, 
219-224), but the role of the vehicle is not yet under- 
stood. Barrett et al. (196) showed that methyl nico- 
tinate penetrated the skin equally readily from an 
aqueous or oily cream. Using the steroid fluocinolone 
acetonide, Munro (116) demonstrated that a petrola- 
tum ointment gave the best penetration, followed by 
a lotion and cream base and then by propylene glycol. 
Pure propylene glycol apparently inhibits penetra- 
tion. This report confirmed the findings of Poulsen et 
al. (51) who indicated that maximum release of fluo- 
cinolone acetonide was obtained from vehicles con- 
taining the minimum amount of propylene glycol re- 
quired to dissolve the steroid. Increasing the concen- 
tration of an effective solvent may, in fact, result in 
reduction of the amount released. 


With betamethasone valerate, no marked differ- 
ence in penetration was observed from an oil-in- 
water cream, water-in-oil cream, petrolatum oint- 
ment, or polyethylene glycol ointment (194). Glycols, 
such as propylene glycol and 1,S-butanediol, en- 
hanced the action of ointments containing the same 
steroid (50). The potentiating action of glycols may 
be due to the droplets acting as an efficient reservoir 
of dissolved corticosteroid readily available to the 
oily phase. A mechanism whereby propylene glycol 
penetrates the skin and carries corticosteroid with it 
might also be involved. The results obtained with the 
steroids must be regarded with caution, since virtual- 
ly all techniques measure the blanching of the skin 
produced by vasoconstriction. Assessment of the pal- 
lor can be influenced by the refraction and reflection 
of light by the vehicles. 


The penetration of topical steroids through human 
abdominal skin was studied (225). Release, penetra- 
tion, and in uiuo data were compared as a function of 
vehicle composition. The similarity between the in 
uiuo and in uitro composition profiles suggested that 
clinical efficacy can be predicted from in vitro data 
and from the physical properties of the steroids. The 
correlations indicated that the in uiuo results were 
directly dependent upon penetrability. 


The effect of vehicle composition on steroid release 


from ointments was studied (51, 88, 206, 226). Inferi- 
or release of fluocinonide was obtained in conven- 
tional ointments in which the drug was present as mi- 
cronized particles. Greatly improved bioavailability 
was obtained from an ointment delivery system in 
which the steroid was completely dissolved. The oint- 
ment system consisted of a propylene glycol solution 
of the drug dispersed in petrolatum, which delivered 
the corticosteroid to the skin in a molecular form but 
retained the classical function of the ointment as an 
occlusive, protective covering. Similar improvements 
were noted with the use of an anhydrous fatty alco- 
hol-propylene glycol cream base over a traditional 
two-phase emulsified cream (227). Time-response 
curves were constructed (88). These fatty alcohol- 
propylene glycol vehicles have the physical properties 
of gels but resemble creams in appearance and con- 
sistency. 


All cited steroid studies dealt with the use of a skin 
membrane either in uitro or in uiuo. Recently, sol- 
vents such as alcohol-water have been utilized as a 
“model” to simulate the skin phase (5044,207,225). 
The vehicle has negligible solubility in the phase rep- 
resenting the skin, but the steroid is fairly soluble in 
it. A receptor phase or “sink” is used to receive the 
penetrant. Chloroform (50, 52) and isopropyl myris- 
tate (50, 51) have served as sinks. Since they are im- 
miscible with the alcohol-water solvent, it is not nec- 
essary to introduce an artificial membrane to sepa- 
rate i t  from the vehicles. 


Poulsen et al. (51) measured the release of fluo- 
cinolone acetonide and its acetate ester into an iso- 
propyl myristate phase. The vehicles used were 
mixtures of propylene glycol and water gelled with 
carbomer2 and diisopropanolamine. The studies 
showed that optimal release was obtained from vehi- 
cles containing the minimum concentration of pro- 
pylene glycol required for complete solubilization of 
the corticosteroid. The poorest release rates were ob- 
tained with very high concentrations of propylene 
glycol. The results indicated that the important fac- 
tors influencing the release of steroid into the recep- 
tor phase were the solubility in the vehicle and the 
partition coefficient of the steroid between the vehi- 
cle and the receptor phase. The findings appear to in- 
dicate that each compound requires individual for- 
mulation based on its solubility characteristics and 
that the formulation may also need modification for 
different concentrations of the agent to obtain maxi- 
mal release rates (53, 206, 225). Similar studies using 
isopropyl myristate found striking correlations be- 
tween in uitro release rates and in uiuo results (206, 
225). 


Busse et al. (50) used both chloroform and isopro- 
pyl myristate as separate receptor phases in studies 
of betamethasone valerate in ointment bases. The 
rate of release of the steroid into the chloroform 
phase from a paraffin ointment was about 4.5 times 
that from a similar ointment containing 10% hydro- 
genated lanolin. Conversely, in the isopropyl myris- 
tate system, the reverse occurred. The in uitro results 


2 Carbopol934. 
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suggest that the isopropyl myristate system more ad- 
equately represents the skin. 


The data of the model systems can be considered 
in terms of the rate of solution of corticosteroid parti- 
cles in the base and the rate of transfer of corticoste- 
roid from the base (50). The latter rate is related to 
the partition coefficient between the base and the 
skin or phase representing the skin. When the parti- 
tion coefficient is large due to the low solubility of 
the corticosteroid in the base, there is a greater ten- 
dency for transfer of corticosteroid to the skin. A sec- 
ond factor is related to the concentration of steroid 
dissolved in the base (50). Blank and Scheuplein (31) 
considered that differences in penetration from vehi- 
cles can be explained by differences in the stratum 
corneum-vehicle partition coefficient without assum- 
ing that one vehicle penetrates more readily than an- 
other. From work using receptor phases, it should be 
possible to predict in viuo effects with suitable mod- 
els (50,53, 206,225). 


Vehicles may also affect penetration by their abili- 
ty to reduce water vapor loss on the skin surface. Ex- 
perimentally, paraffin bases have been shown to sup- 
press transepidermal water diffusion, whereas a num- 
ber of other standard vehicles cause a lesser degree of 
transepidermal water loss suppression (228). Surpris- 
ingly, anhydrous wool fat failed to suppress water 
loss in this study. It was also postulated that the in- 
creased penetration of corticosteroids from vehicles 
containing solvents, such as tetrahydrofurfuryl alco- 
hol and propylene glycol, was due to the influence of 
the latter on the barrier function of the horny layer. 
The evidence for this assumption is based on the in- 
creased water loss through the horny layer brought 
about by vehicles containing these solvents. There- 
fore, it appears that two contradictory mechanisms 
may be involved in vehicle effects. The occlusive na- 
ture of the vehicles is credited with retention of water 
and subsequent improved penetration, but an in- 
crease of water loss may be associated with reduced 
barrier function and, consequently, easier passage of 
the corticosteroid (198). 


Lipophilic solvents have been reported to facilitate 
penetration. The absorption of water-soluble and 
lipid-soluble substances from terpenes and terpene 
derivatives was better from eucalypt01 than from al- 
coholic solutions (229). A vehicle containing p-cym- 
ene was superior to others tested in promoting the 
penetration of hormones but had some irritating ef- 
fects (230). Small differences were found in the pene- 
tration of physostigmine from alcoholic and ester so- 
lutions at  a rate dependent on the aliphatic chain 
length (231). 


SORPTION PROMOTERS 


In the past 10 years, attention has focused on 
methods of increasing the rate of absorption of topi- 
cally applied drugs. So far, the one method that has 
come into everyday use is the application of topical 
corticosteroids under thin plastic film (168, 169, 232, 
233). This method now has widespread application in 
the treatment of recalcitrant psoriasis. Another 


method is to add materials that can combine with, or 
dissolve in, the structures of substances making up 
the barrier. These agents have come to be known as 
accelerants. To increase permeability, the accelerant 
causes the keratin to swell and leaches out essential 
structural material from the stratum corneum, thus 
reducing the diffusional resistance and increasing the 
permeability (36,101,182, 234,235). 


Varied agents have been reported as sorption pro- 
moters, such as the hydrophilic solvent propylene 
glycol .or surfactants. However, the most effective ac- 
celerants are aprotic materials such as urea (236), di- 
methyl sulfoxide, dimethylformamide, and dimethyl- 
acetamide. Work with dimethyl sulfoxide and other 
accelerants is contributing to the understanding of 
the chemical nature of the skin barrier in relation to 
a specified penetrant and the transport mechanisms 
of various compounds across skin. 


Dimethyl Sulfoxide-On application to the skin, 
the dipolar aprotic solvent dimethyl sulfoxide passes 
rapidly through the stratum corneum (20, 147, 237- 
239) and can aid in the penetration of numerous sub- 
stances. This process does not change the structure of 
the skin. The role of dimethyl sulfoxide in enhancing 
percutaneous migration is well documented (6,20,77, 
101,118, 148, 240-242). A series of patents was issued 
for the topical use of dimethyl sulfoxide to aid tissue 
penetration (243). 


I n  uivo, dimethyl sulfoxide has been found to ac- 
celerate the penetration through the skin of water 
(146, 241), dyestuffs (237), hexopyrronium bromide, 
naphazoline, fluocinolone acetonide (1 18), salicylic 
acid (244), tubocurarine hydrochloride, amphetamine 
sulfate, barbiturates (245), and other substances (93). 
I n  vitro, dimethyl sulfoxide accelerates the penetra- 
tion of skin by hexopyrronium chloride and hydro- 
cortisone (118), picric acid (182, 234, 235), fluo- 
cinolone acetonide, triamcinolone acetonide, hydro- 
cortisone (20), griseofulvin and hydrocortisone (1 191, 
testosterone propionate (70, 771, hydrocortisone (77, 
111, 113), triamcinolone acetonide (113), fluocinolone 
acetonide (111, 246), cortisone acetate and estradiol 
(247), fluorouracil (248), iodine (249), hexachloro- 
phene (250), physostigmine and phenylbutazone 
(251), local anesthetics (252), antibiotics (244, 253), 
and quaternary ammonium compounds (254). 


Substances having molecular weights of 3000 or 
more cannot be transported into the stratum cor- 
neum (255). The influence of pH on the percutaneous 
absorption of salicylic acid, with and without added 
dimethyl sulfoxide, from a hydrophilic ointment was 
studied in the rabbit (256). With those ointments 
containing dimethyl sulfoxide, salicylate levels were 
higher a t  each pH and time interval. Enhanced solu- 
bility of salicylic acid in the presence of dimethyl 
sulfoxide would appear to explain the results. 


Dimethyl sulfoxide exerts variable influence even 
over structurally related compounds. The rate of mi- 
gration of potassium methyl sulfate increases with an 
increasing concentration of dimethyl sulfoxide (183). 
Yet applications of the butyl and lauryl esters pro- 
duces low penetration, independent of dimethyl sulf- 
oxide concentration. In these latter cases, dimethyl 
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sulfoxide functions as a penetrant rather than as a 
vehicle (183,257). 


Dimethyl sulfoxide exhibits an unusual concentra- 
tion dependence (146, 147, 182,183, 257). The pene- 
tration rate of pure dimethyl sulfoxide depends on 
the concentration applied. A t  least 60% dimethyl. 
sulfoxide is required for a measurable penetration 
rate. The rate rises to a maximum at about 3 hr and 
then declines; this is true for both the pure liquid and 
for dimethyl sulfoxide-water mixtures containing 
>70% dimethyl sulfoxide. The continued increase in 
the penetration rate of pure dimethyl sulfoxide with 
an increase in the applied quantity is probably a con- 
sequence of progressive barrier impairment. The de- 
cline in the peak rate after 3 hr is probably due to the 
back-diffusion of water with consequent dilution of 
the dimethyl sulfoxide (147). 


Dimethyl sulfoxide can also establish a reservoir in 
the stratum corneum of compounds having a low 
water solubility and to which the epidermis is nor- 
mally only slightly permeable (119). The related 
compounds dimethylacetamide and dimethylform- 
amide also enhance cutaneous penetration (119) and 
retain agents in the stratum corneum reservoir (111, 
258) but to a lesser degree than dimethyl sulfoxide 
(119). 


Little information is available concerning the 
mechanism of action by which dimethyl sulfoxide, di- 
methylformamide, and dimethylacetamide enhance 
the rate of migration. They are all.strongly hygro- 
scopic, and it is likely that the presence of these sub- 
stances in the stratum corneum greatly increases the 
hydration of the tissue and, therefore, its permeabili- 
ty. Two factors, the underlying dermal inflammation 
and the heat produced by the interaction of the sol- 
vent and water within the stratum corneum, would 
also lead to a small rise in the temperature and, 
therefore, the permeability of the horny layer (259). 
Neither of these factors could conceivably explain 
the magnitude of the increased diffusion. There is 
ample evidence of the ability of water (91, 146), and 
many other substances to move in an inward direc- 
tion through the skin under the influence of dimethyl 
sulfoxide (51, 242). The accelerant effect observed in 
uiuo is not due to increased skin circulation because 
this can be increased without increasing the penetra- 
tion rate (91), because accelerants do not increase the 
skin clearance rate (101), and because the effect can 
be observed in uitro with isolated nonperfused skin 
preparations. 


On a structural level, the possible reversible config- 
urational changes in protein structure brought about 
by substitution of integral water molecules by di- 
methyl sulfoxide is worthy of special consideration 
(260). Also, dimethyl sulfoxide may function as a 
swelling agent (235). A combination of the latter two 
factors may explain in part the variable role of di- 
methyl sulfoxide since the swelling phenomenon may 
induce the formation of channels within the matrix of 
the stratum corneum, which favor the passage of var- 
ious compounds (183), or lower the diffusional resis- 
tance of the stratum corneum. Dimethyl sulfoxide is 
able to extract soluble components from the stratum 


corneum, suggesting the possibility of ultrastructural 
modifications consistent with an increase in perme- 
ability (261). For a liquid to be a good accelerant, i t  
must also release the penetrant readily to the aque- 
ous milieu of the viable epidermis. This process could 
be hindered by an excessively unfavorable partition 
coefficient or by the extremely low water solubility of 
a penetrant (101). A possible explanation is that the 
flux of water into the dimethyl sulfoxide solution in- 
creases the thermodynamic activity of the drug and, 
hence, the penetration rate of drug into and through 
the skin (246). 


Although the discovery of the rapid penetration 
through the skin of dimethyl sulfoxide suggested a 
major advance in therapeutics, the initial enthusiasm 
for this and similar solvents has not continued, partly 
because of their irritant action, odor, and toxicity. 


Surfactants-Surfactants are often included in 
pharmaceutical formulations as emulsifying agents, 
but they probably have little effect on skin penetra- 
tion. Yet, when the epidermis is treated with com- 
pounds having significant surface activity, its perme- 
ability to water alters (62, 262). One effect of surfac- 
tant action upon the skin may be to change the phys- 
ical state of water in the skin in such a way as to per- 
mit greater freedom to the passage of charged, hydro- 
philic substances (62). 


Several studies reported the effect of soap and sur- 
factants on the loss of water (41, 149-152, 263-265). 
The role of surfactants in percutaneous absorption 
has been reviewed (7, 62, 71, 160, 240). Possible 
mechanisms whereby the skin is able to restrict the 
percutaneous migration of synthetic anionic surfac- 
tants have been well reviewed (145), and it was made 
clear that the factors involved may be of a complex 
nature. The irritant action of anionic materials, e.g., 
“soap” or sodium lauryl sulfate, suggests that they 
must penetrate to susceptible tissue. It seems reason- 
able to assume that if a potential irritant is placed on 
the surface of the skin, penetration as far as the Mal- 
pighian layer of living cells is necessary for it to exert 
its irritant effect (149). 


In the case of soap and other surfactants, the bulk 
of evidence indicates that the stratum corneum is an 
effective barrier (71,102, 108,127,145,183,257, 266). 
While penetration is poor, there is evidence that an- 
ionic and cationic agents do penetrate the skin (71, 
108, 127, 145, 150, 266), with anionics penetrating 
best followed by cationics and nonionics (134,149). 


Among anionic substances, the laurate ion is re- 
ported to have the greatest penetration and the 
greatest effect on the penetration of other solutes 
(150, 151). Soaps of different fatty acids have this 
property in varying degrees (149, 150). There is sig- 
nificant penetration by sodium salts of fatty acids 
with a chain length of 10 carbon atoms or less, and 
there is modest penetration by fatty acids with longer 
chains (62,127,145). 


Previous investigations (127, 145) showed that 
none of a series of alkyl sulfates in the Cs-Cls range 
was able to penetrate whole skin samples until the 
samples had been pretreated with lipid solvents or 
the stratum corneum was mechanically removed. 


920 I Journal of Pharmaceutical Sciences 







This finding was corroborated for potassium lauryl 
sulfate (257). However, the lower molecular weight 
potassium methyl sulfate and potassium butyl sul- 
fate are able to migrate across intact whole skin sam- 
ples, with the methyl ester exhibiting the higher 
order of migration (183). Application of the lauryl 
ester and the butyl ester in dimethyl sulfoxide solu- 
tions did not alter the pattern of migration whereas 
the methyl ester showed a concentration-dependent 
accelerant relationship with increasing concentra- 
tions of dimethyl sulfoxide. 


Sprott (62) found that alkyl sulfates did penetrate 
the skin of the rat, as did sulfonated fatty acids and 
carboxylic acid esters of isethionic acid. Measure- 
ments of the distribution of n-hexadecyl sulfate in 
the skin showed a very high concentration of this sur- 
factant in the epidermis, suggesting that such anionic 
surfactants begin to penetrate into the dermis only 
after saturation of the epidermis. Hence, the inability 
of certain alkyl sulfates to migrate across whole skin 
samples is not a function of the whole class. The re- 
duction of the alkyl chain length of these compounds 
leads to an increase in their rate of percutaneous mi- 
gration. The sum effect of reduction in chain length 
is to increase the hydrophilic properties of the mole- 
cule and concomitantly reduce the lipophilic func- 
tion. Anionic surfactants apparently bind strongly 
with skin protein and cause a reversible denaturation 
and uncoiling of the filaments, leading to a gross ex- 
pansion of the tissue (267). 


The penetration of fatty acid soaps has been shown 
to vary with pH (62, 127, 145). The penetration of 
fatty acid soaps varies inversely from pH 6 to 10.8. A t  
higher pH, the action of the anionic surfactant upon 
the skin appears to be attenuated or overshadowed 
by the influence of the more alkaline pH itself. This 
result also suggests that any interpretation of surfac- 
tant action upon the skin must deal separately with 
these two phenomena, i.e., pH and surfactant effect 
(62). However, Bettley (149), in a study of the pene- 
tration of varied surfactants, could find no correla- 
tion with pH. 


Scala et al. (71) calculated permeability constants 
for a wide variety of materials including surfactants. 
The nonlinearity of diffusion curves (permeability 
constants uersus time) for an anionic surfactant (so- 
dium tetrapropylenebenzenesulfonate), a cationic 
surfactant (dodecyltrimethylammonium chloride), 
and soap probably means that the barrier to these 
surfactants is being altered by the surfactants them- 
selves as they diffuse into and through the skin. A de- 
crease in the barrier properties allows an increased 
diffusion, which results in a greater alteration of the 
barrier. Removal of the surfactant causes the process 
to stop at the stage of barrier alteration to which it 
has progressed. 


Penetration of certain antimicrobial substances 
appears enhanced by addition of surfactants. Wash- 
ing with sodium lauryl sulfate enhances the amount 
of hexachlorophene and tetrachlorosalicylanilide 
penetrating rat skin (62). The ability of anionic sur- 
factants to promote absorption is confirmed by the 
observation that nickel salts compounded with an- 


ionic substances cause eczema, but nickel salts com- 
bined with nonionic or cationic substances do not. 
This difference was thought to be due possibly to an 
acanthotic effect or to a denaturing action on the epi- 
dermal protein by the anionic surfactants, thus re- 
sulting in the easier passage of the metal sensitizer 
through the skin (268). 


The effects of the anionic surfactants on the pene- 
tration of water-soluble substances in the skin appear 
related to their ability to increase the permeability of 
the skin to water. Sprott (62) explained this effect in 
terms of a protein-surfactant interaction and its at- 
tendant effects. Thus, where surfactants attached to 
the skin proteins have brought about conformational 
changes upon the protein structure, the hydrophilic 
polar groups would have been forced into the interior 
of the protein helixes. Under those conditions, water 
and substances in aqueous solution, e.g., iodide ions, 
would permeate the skin with enhanced facility since 
the individual water molecules in the vicinity of pro- 
teins so affected would be exposed to fewer electro- 
valently, i.e., charged, polar groups. 


Nonionic surfactants generally appear to have lit- 
tle effect in promoting skin penetration, although nu- 
merous reports on percutaneous absorption under 
the influence of nonionic substances have been pub- 
lished (212, 269-271). Penetration of hydrocortisone 
was enhanced by increasing concentrations of lauric 
diethanolamide, a nonionic surfactant, to a maximum 
at 7% and then was reduced, probably due to micellar 
trapping of the steroid (272). 


The factor determining whether a nonionic surfac- 
tant will increase the absorption rate appears to be 
the configuration of the surfactant molecule rather 
than the hydrophilic-lipophilic balance or surface ac- 
tivity (273). Where the surfactant has several long 
hydrophilic chains (i.e., more than five ethylene 
oxide units) rather than a single or several short eth- 
ylene oxide chains, drug absorption is not increased. 
This finding indicates that the effectiveness of the 
surfactant is due to the ease with which the surfac- 
tant molecules penetrate lipid membranes. Dugard 
and Scheuplein (274) also could not find a correlation 
between the hydrophilic-lipophilic balance and sur- 
factant action, and they concluded that there was an 
action upon protein rather than lipid components of 
the stratum corneum. 
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product was isolated as the trihydrochloride according to the pro- 
cedure for 111. I t  was then carboxymethylated according to  the 
procedure for V. 
(Carboxvmethvl)iminobis(ethvlenenitrilo)tetraacetic Acid 


Dianhydride6 (XVj-Compound-I (39.3 g, 0:lO mole) was sus- 
pended in pyridine (50 g), and acetic anhydride (40.8 g, 0.40 mole) 
was added. The mixture was heated a t  65” for 24 hr. The product 
was filtered, washed with acetic anhydride and ether, and dried. 
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Nonclassical Phase Transfer 
Behavior of Phenylbutazone 


Keyphrases 0 Phenylbutazone-nonclassical phase transfer be- 
havior, pH and buffer effects, dissolution and ionization rates 
o Dissolution-phenylbutazone, nonclassical phase transfer be- 
havior Ionization-phenylbutazone, nonclassical phase transfer 
behavior 


To the Editor: 


Lovering and Black (1, 2) recently alluded to the 
nonclassical behavior of phenylbutazone in its trans- 
fer through a dimethylsiloxane membrane and 
through an everted rat intestine as a function of pH. 


I measured the ionization rates of phenylbutazone 
in aqueous buffered solution ( p  = 0.1) a t  25 f 0.2O 
using a stopped-flow spectrophotometer’ and found 


Durrum stopped-flow spectrophotometer with a thermostated cell and 
syringes maintained at 25 f 0.2O. 


the protonation of the phenylbutazone anion and the 
deprotonation of phenylbutazone to be noninstan- 
taneous2. As expected, both protonation and depro- 
tonation were highly dependent on the pH of the so- 
lution as well as buffer concentration. 


As an example, the half-life for the deprotonation 
of phenylbutazone (taken to zero buffer concentra- 
tion) a t  pH 5.5 was 55 msec and it was 67 msec a t  pH 
7.0. The half-life for protonation at  pH 3.5 was 10.3 
msec, while a t  pH 4.0 it was 22.6 msec. Phenylbuta- 
zone is a carbon acid3 of pKa 4.50-4.70 (3-5), and the 
ionization rates of carbon acids are slow relative to 
the approximately diffusion-controlled ionization 
rates of other acids (6-10). 


Apart from the phase transfer anomalies noted 
here, the chemical properties of carbon acids often 
show anomalies when compared to other acids. For 
example, carbon acids show large negative deviations 


The word noninstantaneous is used to describe phenomena taking place 
at rates considerably slower than the diffusion-controlled limit of -2 X 1010 
M-I  sec-1. 


Carbon acids are acids in which the dissociating proton is bound to a 
carbon atom instead of a heteroatom such as oxygen or nitrogen. 
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in BrCnsted acid-base catalysis plots when compared 
to carboxylic acids, phenols, and other acids (13). 
These negative deviations also have been directly at- 
tributed to the fact that the protonation and depro- 
tonation rates of carbon acids are slow relative to the 
approximately diffusion-controlled ionization of 
other acids (13). The reasons for these slow ionization 
rates are adequately discussed elsewhere (7). 


Based on this realization of noninstantaneous ion- 
ization rates, I postulated that the carbon acid, phen- 
ylbutazone, may have a hindered dissolution due to 
simultaneous reversible noninstantaneous chemical 
reaction which must take place in the aqueous diffu- 
sion layer if the dissolution involves rate-determining 
diffusion through the aqueous diffusion layer. By 
hindered, I mean that the dissolution rate a t  pH's 
greater than the pKa of the compound could not be 
accounted for on the basis of the Noyes-Whitney 
equation when applying the appropriate correction 
for the ionization constant (11): 


($) = K'C'o (1 + ") K ,  (Eq. 1) 


where (dCldt), is the initial rate of dissolution; K' is 
a constant encompassing diffusivity, surface area, 
and diffusion layer thickness along with any correc- 
tions for the hydrodynamics of the system under 
study; CO is the saturation solubility of the free acid 
form of the solid; K ,  is the dissociation constant of 
the acid; and [H+] is the hydrogen-ion concentration. 
The obvious limitations of this equation have been 
adequately discussed (11, 16). Ideally, the compari- 
son here should be made to a model of an acidic drug 
undergoing dissolution with simultaneous instanta- 
neous chemical reaction. 


Other phase transfer phenomena that involve rate- 
determining diffusion through an aqueous diffusion 
layer and a simultaneous noninstantaneous reaction 
(reversible in the present case) are affected by the 
speed of such a reaction. In Lovering and Black's 
study (1, 2), the time-dependent interconversion of 
phenylbutazone to phenylbutazone anion and vice 
versa necessary for the phenylbutazone to pass into 
and out of the dimethylsiloxane membrane, as well as 
transfer through the aqueous diffusion layers, is a 
function of the pH and concentration of buffer com- 
ponents in the two respective compartments. At pH 
>4.5, in which Lovering and Black found the perme- 
ability coefficient to be pH dependent, the half-life 
for the approach to the ionization equilibrium was 
>30 msec; i.e., the interconversions between the acid 
and base components took place in approximately 
the same time range as the residence time of the com- 
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Figure 1- -Plot showing the dissolution of phenylbutazone ( I ,  
0) and dl-phenylbutazone (11, 0 )  into a 25% ( u / u )  ethanol- 
water solvent at 25", ionic strength 0.1, p H  2.89 maintained by 
0.05 M acetate buffer, from a constant-surface area pellet at a 
constant stirring rate of 50 rpm. 


ponents in the diffusion layer (22). Another inter- 
esting fact was that boric acid, used as the sink buffer 
by Lovering and Black, also undergoes nonclassical 
noninstantaneous ionization behavior (12). 


The initial dissolution rate of phenylbutazone (I) 
and dl-phenylb~tazone~ (11) into a 25% (v/v) etha- 
nol-water solvent5 a t  25' and constant ionic strength 
( p  = 0.1 with sodium chloride) from a constant-sur- 
face area pellet was studied as a function of apparent 
pH, buffer concentration, and stirring rate. The ob- 
jective of this work was to show the nonclassical be- 
havior of phenylbutazone in the phase transport phe- 
nomenon of dissolution. 


.The dissolution of I and I1 into pH 2.89,0.05 M ac- 
etate buffer and into pH 7.03, 0.05 M phosphate 
buffer is shown in Figs. 1 and 2. The identical and re- 
producible initial dissolution rates of I and I1 a t  pH 
2.89, a pH below the pKa of phenylbutazone, repre- 
sent a simple mass transfer phenomenon6, showing 
that no quantitative differences in physical proper- 
ties between I and I1 capable of affecting this simple 
mass transfer are present. The slower dissolution of 
I1 compared to I in the phosphate buffer (as well as 
the other buffers studied) can only be attributed to 
differences in the rate of deprotonation due to a pri- 


dl-Phenylbutazone was formed by direct exchange in refluxing DzO, mp 
106O; deuteration, as determined by a Varian model T60 NMR spectrometer 
in CDC13, was >99% complete. 


6 Lovering and Black ( 1 , 2 )  carried out all their work in purely aqueous so- 
lutions. In these ionization kinetic studies, all work again was carried out in 
purely aqueous media. The hydroalcoholic solvent used in the dissolution 
rate studies was necessary due to the poor aqueous solubility of phenylbuta- 
zone. It is recognized that a 25% (v/v) ethanol-water solvent may affect the 
apparent pKa of phenylbutazone (4.68 under the hydroalcoholic solutions 
used) and the ionization kinetics. However, it was not expected to have a 
major effect, especially since the dissolution rates of I and I1 were being 
compared as opposed to absolute differences. All pH values in the dissolu- 
tion part of this work are apparent pH values. 


6 During this study the formation of phenylbutazone polymorphs was 
noted. The three polymorphs had melting points of 86.96, and 106", respec- 
tively. Polymorph 111, mp 106", the stable polymorph in aqueous solution, 
was the one studied. 
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Figure 2-Plot showing the dissolution of phenylbutazone ( I ,  
0) and d,-phenylbutazone (11, 0 )  into a 25% ( u / u )  ethanol- 
water solvent at 2 5 O ,  ionic strength 0.1, p H  7.03 maintained by 
0.05 M phosphate buffer, from a constant-surface area pellet at 
a constant stirring rate of 50 rpm. The solid line without experi- 
mental points is the line predicted by Eq. 1. 


mary isotope effect on the deprotonation rate be- 
tween the two derivatives. 


Also included in Fig. 2 is the theoretical line as de- 
fined by Eq. 1. It was felt that a demonstrated differ- 
ence in dissolution rates between I and I1 at  a pH 
greater than the pKa of phenylbutazone would be 
more meaningful than a comparison of the dissolu- 
tion rate of I to a theoretical line, because the theo- 
retical line itself is also model limited. 


Various models have been proposed (14-18) for the 
dissolution of acids as a function of pH and basic 
components of a buffer. Similarly, theoretical models 
for the transport of neutral and acidic agents across 
theoretical membranes and the application of these 
models to the GI absorption of drug substances have 
been discussed (19-21). In all of these models, the as- 
sumption is made that all ionizations are instanta- 
neous, i.e. the conversion of the acid to its basic com- 
ponent and vice versa take place much faster than 
residence times in the diffusion layer. The assump- 
tion is valid in most cases and may only be invalid in 
the examples noted here, namely carbon acids. 


Higuchi et al. (22) observed the dissolution of 7- 
acetyltheophylline, which represents a case of disso- 
lution with simultaneous irreversible noninstan- 
taneous chemical reaction. They noted that increased 
dissolution of 7-acetyltheophylline occurred at  pH’s 
where the conversion of 7-acetyltheophylline to theo- 
phylline had a half-life of <3 sec. If the half-life was 
3-30 msec or shorter, the dissolution became depen- 
dent on the diffusion of theophylline and theophylli- 
nate from the solid-solvent interface. 


plex chemical reactions (23-28) are available, and I 
propose to modify these models to predict the effect 
of noninstantaneous reactions on the dissolution 
rates of solids, especially carbon acid pharmaceuti- 
cals such as oxyphenbutazone, phenindione, anisin- 
dione, diphenadione, and chlorindione. 


I do not wish to imply that all anomalies in phenyl- 
butazone behavior are directly attributed to its slow 
protonation and deprotonation rate. However, some 
of them, especially those involving phase transfer 
phenomena, may in part be attributed to its unusual 
ionization rate characteristics. 
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The effect on dissolution behavior from solids of a 
reversible noninstantaneous reaction taking place 
within the diffusion layer has not been formulat- 
ed. Models for gas absorption accompanied by com- 
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Nearly all therapeutic agents possess various phys- 
icochemical and biological properties, some desirable 
and others undesirable. In general, the pharmaceuti- 
cal world is concerned with minimizing the number 
and magnitude of undesirable properties of a drug 
while retaining the desirable therapeutic activity. 


Improvement of drug efficacy can be accomplished 
by biological, physical, or chemical means. The bio- 
logical approach entails varying the route of adminis- 
tration. Examples include the injectable route to op- 
timize onset of action, maximize bioavailability (en- 
hanced blood levels), and eliminate gastric irritation 
and acid-catalyzed drug degradation. Versatility is 
severely limited when utilizing the biological ap- 
proach, because alternative routes of administration 
are frequently unavailable and are always less conve- 
nient than oral administration. 


A greater degree of flexibility of drug modification 
is offered by the physical approach, commonly re- 
ferred to as dosage form design. The elements and 
philosophy of this approach were discussed by 
Schroeter (1) and others (2-8). The highest degree of 
flexibility in altering drug efficacy, however, is of- 
fered by the chemical approach. 


Drug derivatization has been long recognized as an 
important means of producing better pharmaceuti- 
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cals. Bayer, as far back as 1899, synthesized the drug 
aspirin in an attempt to improve the therapeutic ac- 
tivity of salicylic acid. Since that time, literally thou- 
sands of drug derivatives have been synthesized and 
tested. These drug derivatives can be broadly classi- 
fied into two categories: irreversible or reversible. Ir- 
reversible derivatives or analogs are usually synthe- 
sized for the purpose of finding a similar, new, biolog- 
ically active entity possessing increased potency, a 
broader spectrum of activity, or some other desirable 
property not possessed by the parent compound. A 
reversible drug derivative utilizes a chemical moiety 
of proven biological activity (the parent molecule) 
and seeks to deliver it to the site of action while over- 
coming some inherent drawback to the use of the 
parent compound. 


In the case of the analog, precautions must be 
taken as to what functional group can be modifed 
since indiscriminate modification may‘ destroy all 
bioactivity. The reversible derivative can be modified 
at any functionality without undue concern for its in- 
volvement a t  the receptor level since it is reversible 
by definition. These facts eliminate the need to de- 
termine the bioactive center(s) in the molecule and 
offer the chemist a greater number of chemical sites 
at which to modify. 


In general, three approaches are followed in the 
search for new drug agents: (a) the general screening 
approach in which chemical substances from any 
source are tested for their effect against a predeter- 
mined disease or disease state, (b) the chemical mod- 
ification of existing drug substances whose biological 
effects are known, and (c) mimicking nature by bio- 
chemical design, where a compound is made to exert 
an action in a manner similar to a known biochemical 
substance (9). Any lead compounds obtained from 
these three approaches are usually further modified 
chemically to gain the biologically most potent rep- 
resentatives of the series. 


This review will focus on approach (b), the chemi- 
cal modification of existing drug substances whose 
biological effects are known. It will be limited solely 
to biologically reversible derivatives, i e . ,  those com- 
pounds that, upon introduction to the appropriate 
biological system, revert back to the parent molecule 
by virtue of enzymatic and/or chemical lability. To 
provide an interpretive review of the area, references 
from the journal and patent literature will be selected 
to illustrate the various principles discussed. The dis- 
cussion will of necessity not be comprehensive but 
will nonetheless cover the significant aspects of the 
discipline. 


Reversible derivatives (10-14) have also been 
termed prodrugs (15-22) and latentiated drugs (23- 
25) and have been designed to eliminate a variety of 
undesirable properties such as bitterness, odor, gas- 
tric upset, and poor absorption. Many comprehensive 
reviews of both reversible and irreversible drug deriv- 
atives (23-32) have appeared recently. 


Harper (25) must be credited with coining the term 
“drug latentiation,” and he defined it as “the chemi- 
cal modification of a biologically active compound to 
form a new compound, which upon in viuo enzymatic 


:attack will liberate the parent compound.” Kupchan 
et al. (33) extended this definition operationally by 
including nonenzymatic processes as well for regener- 
ation of the parent compound. By inference, latentia- 
tion implies a time lag element or time component 
involved in regenerating the bioactive parent mole- 
cule in vivo. Since most latentiated drug substances 
per se are biologically inactive, this concept is impor- 
tant for those drugs that are metabolized or excreted 
too rapidly to provide adequate clinical efficacy. 


Albert (34, 35), in discussing the selective toxicity 
of drug molecules, elucidated the proagent or pro- 
drug concept. The term prodrug is general in that it 
includes latentiated drug derivatives as well as sub- 
stances that are converted after administration to the 
actual substance that combines with redeptors. These 
actual substances may be active metabolites of the 
parent molecule. Harper (24), on the other hand, dis- 
cussed the concept of structural formulation and de- 
fined it as “the modification of a biologically active 
compound a t  a point not essential for binding to an 
active site in the biological receptor, so that although 
the desired biological effect is retained, the resulting 
changes in physicochemical properties cause alter- 
ation in the absorption, distribution or metabolism of 
the drug; the parent compound, however, is not liber- 
ated in the body.’’ Structural formulation differs 
from irreversible derivative formation in that the for- 
mer retains bioactivity in viuo whereas the latter 
may or may not do so. The distinction is subtle but 
may have profound ramifications in the rational ap- 
proach to the synthesis of bioactive agents. 


Any number of inherent disadvantages may pre- 
clude the use of the parent drug molecule in clinical 
practice. Among those properties considered disad- 
vantageous in a drug molecule are bitterness or tart- 
ness, offensive odor, gastric or intestinal upset and ir- 
ritation, pain on injection, lack of absorption, slow or 
rapid metabolism, and lack of stability in the bulk 
state, the dosage form, or in vivo (i.e., gastric insta- 
bility). 


In many cases, undesirable properties in a drug 
molecule cannot be overcome by conventional phar- 
maceutical formulation or route of administration 
changes, so the method of choice becomes reversible 
derivative formation. In the intelligent design of re- 
versible drug derivatives, it is necessary to consider 
two questions: 


1. What structural modification(s) of the parent 
molecule are necessary to reduce or eliminate the 
particular undesirable effect? 


2. What conditions are available in viuo (enzymes, 
pH, etc. ) to regenerate the parent molecule from the 
derivative? 


The first question requires an extensive knowledge 
of structure-activity relationships as they apply to 
elimination of these undesirable properties. The sec- 
ond question is dependent on a rather sophisticated 
knowledge of biology. Complete answers to these two 
questions are obviously not yet available to the medi- 
cinal chemist. A limited body of knowledge is avail- 
able, however, and this knowledge, if used judicious- 
ly, can form a basis for the rational design of revers- 
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ible drug derivatives. The remainder of this review 
will consider specific undesirable drug properties and 
possible means of eliminating these properties by 
using reversible drug derivatives. Examples of drugs 
whose properties have been successfully modified are 
provided in the tables. 


GENERAL CONSIDERATIONS 


Physicochemical-Absorption-Probably the 
most fruitful area of reversible derivatization is the 
improvement of passive drug absorption through epi- 
thelial tissue. Many studies involving in uiuo, in situ, 
and in uitro systems have been conducted to eluci- 
date the role of chemical structure in drug absorp- 
tion. The similarities and differences among some 
more widely accepted theories also will be discussed 
here. 


Nearly all of the empiricisms and theories in cur- 
rent use agree that the addition of a hydrophobic 
group to a compound usually increases its absorption. 
It is also agreed that this increase in absorption is a 
direct consequence of the increase in the biological 
lipid-water partition coefficient resulting from the 
added hydrophobic moiety. Although there is a lack 
of agreement as to what, if any, in uitro partitioning 
system best mimics the biological situation, octanol- 
water apparently is the most useful for correlative 
purposes. 


From both the physicochemical and the biological 
point of view, octanol-water is the most extensively 
studied system. Leo et al. (36) tabulated and critical- 
ly evaluated thousands of octanol-water partition 
coefficients and developed a system of rules for esti- 
mating values for compounds that have not yet been 
studied. 


It is important to realize that the theoretical and 
empirical relationships to be discussed are equally 
applicable to reversible derivatives as well as nonre- 
versible derivatives (analogs), because all of these re- 
lationships rely upon partitioning and because the 
presence of a reversible linkage does not normally 
alter the relative partition coefficients of the mem- 
bers of a series. For example, in the octanol-water 
system, the ratio of the partition coefficients of ethyl 
and butyl benzoates is the same as the ratio for p -  
ethyl- and p -  butylbenzoic acids, even though the es- 
ters are reversible while the acids are not. Another 
consequence of the dependence of absorbability on 
partitioning is the fact that the unionized form of a 
dissociable molecule is absorbed more efficiently 
than its ionic species. The quantitative relationships 
between pH, pK, and partition coefficient are well 
known (37,38) and will not be discussed here. 


To get a clear picture of the role of hydrophobicity 
in drug transport, it is necessary to cover a wide 
range of partition coefficients. The most convenient 
and economical way of accomplishing this task is to 
construct a homologous series. The partition coeffi- 
cient of the nth number of any homologous series, 
PC,, in any solvent system can be described by: 


(Eq. 1) lOg(PC,) = lOg(PC,) + *"n 


Table Ia-Values of TCH* for Some Common Solvents 
and for Red Blood Cell Ghosts 


Ether 0.573 
Ether 0.612 
Octanol 0.500 
Chloroform 0.609 
Olive oil 0.525 
Castor oil 0.545 
Red blood cell ghosts 0.526 


a Adapted, with permission, from Ref. 46. 


where PCO is a constant dependent on both the se- 
ries and the solvent system, and + is a constant de- 
pendent only on the solvent system. According to the 
notation of Leo et al. (36), a can be an incremental 
constant for any substituent; but when dealing pri- 
marily with homologous series, a will designate T C H ~  
unless otherwise specified. 


The values of T ( T C H ~ )  for several organic solvents 
and red blood cell ghosts against water are listed in 
Table I. From the octanol-water T value of 0.5, it can 
be seen that only seven consecutive homologs are 
needed to cover a 1000-fold range of partition coeffi- 
cients in half-log increments. Spanning this broad 
range of values minimizes the effects of random error 
and normal biological variation. Homologous series 
are particularly well suited for studying transport be- 
cause the alkyl group usually does not interfere with 
the interaction of the active portion of the molecule 
and the receptor site. Therefore, it is frequently pos- 
sible to measure the relative biological activities of 
homologs and then equate these values to relative 
transport rates. 


The earliest structure-activity or structure-trans- 
port workers all recognized the parallelism between 
the logarithms of the biological response (BR) and 
the lipid-water partition coefficient (PC). Equations 
of the form: 


log(BR) = a + b log(PC) 0%. 2 )  


were proposed (39-44). For the simple case of a ho- 
mologous series, Eqs. 1 and 2 are combined giving: 


log(BR) = hs + b log(PC,) + a th. 3 )  


which describes the so-called linear structure-activi- 
ty relationship. 


The value of a in Eq. 2 or 3 is a measure of the de- 
gree of similarity of the in uitro and the true in uivo 
partitioning systems. If a is equal to unity, the sys- 
tems are equivalent in their relative affinities for a 
methylene group. (It is possible for T C H ~  to be the 
same for a pair of systems and, at  the same time, for 
other substituent constants such as TOH to be quite 
different. For specific examples, see Ref. 36.) When 
considering a homologous series, it  is not necessary to 
use any reference in uitro partitioning system. Flynn 
and Yalkowsky (45) showed that b+ is equal to rR, 
the a value in the biological system. Thus, Eq. 3 be- 
comes: 


(Eq.  4 )  log(BR) = A + T H R  
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Figure 1-Data of Scheuplein and Blank (48) for permeation 
of normal aliphatic alcohols across human stratum corneum 
in vitro. Key: 0, concentration-normalized flux; and 0, flux 
from 0.10 M solution (last four points represent saturated 
solutions). (Adapted, with permission, from Ref. 46.) 


where A is equal to the constant portion of Eq. 3 and 
is, therefore, dependent upon both the biological sys- 
tem and the homologous series. 


Yalkowsky and Flynn (46) recently evaluated a 
large number of linear chain-length-activity relation- 
ships which are dependent upon passive transport. 
They observed, as expected, that rB for a particular 
biological system is essentially independent of the se- 
ries under study. They found that the value of 178 for 
most simple organisms (bacteria, fungus, erythro- 
cytes, etc. ) is 0.46 f 0.03; i.e., on the average, there is 
a 2.9-fold increase in activity for each additional 
methylene group. It was also observed that the value 
of xB for epithelial and GI tissue of higher animals is 
around 0.25, which corresponds to an incremental 
constant for each methylene group of about 1.8 for 
the change in activity (or transport) with chain 
length. This low value is in agreement with the fact 
that these tissues contain a significant fraction of 
polar components. 


The linear increase in the logarithm of the trans- 
port rate with chain length is expected from basic 
permeability theory. The flux, F, or transport rate of 
a substrate across a rate-determining lipid phase or 
membrane separating two aqueous phases a t  a con- 
centration differential of AC is: 


PC 
R F = -AC 


where PC is the lipid-water partition coefficient of 
the substrate, and R is the resistance of the mem- 
brane to its diffusion. Collander (47), using chara 
cells, was among the first to show the relationship be- 
tween permeability and partitioning in a biological 


system. More recently, excellent correlation was 
shown (48) between the permeability of nine aliphat- 
ic alcohols across excised human stratum corneum 
and their stratum corneum-water partition coeffi- 
cients. From these data (Fig. l), i t  can be seen that 
there is a great increase in permeability between 
methanol and nonanol. 


The exponential increase in transport rate and 
thus activity with extention of the alkyl group cannot 
go on indefinitely. If experiments are carried to high 
enough chain lengths, there is a leveling off or pla- 
teauing of the curve and ultimately a decrease in ac- 
tivity with increasing hydrophobicity. While there is 
reasonably good agreement in the literature about 
the ascending portion of the structure-activity curve, 
there is a great deal of controversy about the reason 
for and even the shape of the apical or descending 
portions of the curve. 


Hansch (49) described the overall shape of the 
structure-activity curve by a parabolic equation of 
the form: 


log(BR) = a + b log(PC) + c log2(PC) (Eq. 6)  


He showed that Eq. 6 gives better statistical fit to 
many sets of data than the linear Eq. 2. The im- 
proved correlation is undoubtedly at  least partially 
due to the greater degree of flexibility produced by 
the additional variable c; but since c is always nega- 
tive, i t  cannot be regarded as simply another adjust- 
able parameter. One difficulty that arises with the 
parabolic equation is that the values of the coeffi- 
cients, a and b in Eqs. 2 and 6, have no relationship 
to one another and parabolic equations having the 
same ascending slopes can appear quite different. 


Since Hansch’s parabolic relationship is based 
upon a countercurrent distribution-type model (49), 
the curve is nowhere linear and is symmetrical about 
an optimum value of log (PC). The nonlinearity of 
the parabola makes it difficult to reconcile with the 
linear case described by Eq. 2. Furthermore, the sym- 
metry is not consistent with the many reasons given 
by Hansch and Clayton (50) to explain the decrease 
in activity with chain length. Nevertheless, in spite of 
the theoretical shortcomings, the Hansch parabolic 
relationship can be extremely useful in the empirical 
analysis of structure-activity data and in the predic- 
tion of optimum partition coefficients for biological 
activity. From a practical standpoint, it is frequently 
more useful than the more theoretically valid rela- 
tionships that will be discussed. 


Wagner and Sedman (51) recently analyzed much 
of Hansch’s data and found that a statistically better 
fit is obtained with an equation of the form: 


Others also showed good fit of biological activity data 
and transport data to equations similar to Eq. 7 (46, 
52, 53). One of the earliest uses of this equation was 
by Zwolinski et al. (54) who studied the permeability 
of various plant cells to the members of several ho- 
mologous series. They also showed that double-recip- 
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rocal plots [(BR)-’ uersus (PC)-’] are linear and can 
be used to evaluate the constants a and b convenient- 
ly. Another important feature of Eq. 7 is that it is ap- 
plicable to both linear and nonlinear data. 


The mathematical form of Eq. 7 can be obtained 
directly from Eq. 5 by the incorporation of an addi- 
tional resistance in series with that of the membrane. 
Equation 5 then becomes: 


(Eq. 8 )  


This added resistance, Raq, results from the unstirred 
aqueous layers adjacent to the membrane which must 
be traversed by any solute passing through the mem- 
brane. For a more complete description of the deriva- 
tion of Eq. 8 and the importance of unstirred layers 
(or diffusion layers as they are often called), the read- 
er is referred to Refs. 45 and 46. For an alternative 
treatment based on extraction theory leading to an- 
other equation of the same form as Eq. 7, see Ref. 51. 


For the study of a homologous series, it is conve- 
nient to combine Eq. 1 with the logarithmic form of 
Eq. 8 (or 7) to get: 


log(BR) = log(AC) - lOg(PC,) - ~n - log(R, + R,,PC,IO””) 


(Eq. 9 )  


which is shown schematically in Fig. 2. It can be seen 
that, according to Eq. 9, there is a linear increase in 
log BR with chain length but that at some point 
[when R,,  2 (R,/PC)] the curve levels off and ap- 
proaches a limiting value. These equations can satis- 
factorily describe most structure-activity data, but 
they do not explain the descending portion of the 
curve. 


Because of the wide variety of reasons for a decline 
in activity with increasing chain length, no single 
equation can explain all available data. Hansch and 
Clayton (50) and Yalkowsky and Flynn (46) listed 
about a dozen possible reasons for this decline. These 
reasons can be broadly classified into those that are 
dependent upon a biological parameter (e.g., enzyme 
specificity, conformational distortion of the active 
site, metabolism, and poisoning of enzymes) and 
those that are related to some physical property (e.g., 
solubility, complex formation, micelle formation, 
partitioning into inert phases, and binding to inert 
surfaces). The former are the most difficult to corre- 
late by simple theories but can be handled quite sat- 
isfactorily by equations such as Eq. 6. The latter all 
have one important feature in common; they can gen- 
erally be described mathematically by: 


(Eq. 10) 


where P,, is the value of any property of the n th ho- 
molog of the series, P O  is a reference value, and a is a 
well-defined constant’. 


lOg(P,) = log(P,,) + an 


Occasionally, it is necessary to use a higher order polynomial of n to de- 
scribe P,,. This would alter the subsequent mathematical treatment slightly 
but not the general conclusions (see Ref. 52). 
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Figure 2-Hypothetical chain-length activity relationships. 
(Adapted, with permission, from Ref. 52.) 


Yalkowsky et al. (46) theoretically characterized 
the effects of behavior on the transport rate by using 
solubility as an example. Based on literature data for 
nearly 20 homologous series in water, they found’: 


(Eq. 11) 


where Sn is the solubility of the n th member of the 
series, and S O  is a constant. 


The effect of solubility on transport rate is to limit 
the attainable concentration differential so that the 
maximum value of Eq. 8 becomes: 


log(S,) = log(&) - dn 


(Eq. 12) 
K,) - - S 


( R J P C )  + R,, 
F =  


PColOrn + R,, 


which, in logarithmic form, is: 


l og (F)  = log(S,PCJ + (H - 6)n - log(R,, + R,,,PCJO”“) 


(Eq. 13) 


These equations can now describe a “parabolic” 
structure-activity curve on the basis of transport- 
limited activity and basic physical-chemical relation- 
ships. Figure 2 shows the expected dependence of 
transport across a biological barrier (and activity de- 
pendent thereupon) for the members of a homolo- 
gous series predicted by Eqs. 9 and 13. The scales are 
arbitrary but show that the break occurs at  the same 
chain length for the equimolar and saturated cases. 
Figure 3 shows an experimental verification of Eqs. 9 
and 13. These data were obtained from turnover time 
experiments with goldfish (52). The agreement be- 
tween experimental and theoretical data, while not 
necessarily proving the theory, gives a positive indi- 
cation of its utility. 


Solubility -The primary role of solubility in de- 
termining drug absorption is obvious since only the 
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Figure 3-Turnover times produced by various concentrations 
and saturated solutions of n-alkyl p-aminobenzoates. Points 
are experimental: 0, unsaturated; and 0, saturated. Lines are 
theoretical: --, unsaturated; and -, saturated. (Reprinted, 
with permission, from Ref. 52.) 


drug that is in solution is available for absorption. 
Since virtually any structural modification that alters 
solubility will also alter ionization and partitioning, it 
is somewhat difficult to provide clearcut examples of 
the relationship between solubility and absorption. 
Some effects of structure on aqueous solubility will 
be discussed later. The importance of solubility was 
apparent in the previous discussion of homologous 
series. It frequently is the factor responsible for the 
parabolic shape of many structure-activity curves. 


For homologous series, solubility in aqueous media 
generally decreases by a factor of 4.0 for each meth- 
ylene unit. Branched alkyl moieties decrease aqueous 
solubility to a lesser extent than linear chains. I t  was 
shown that this results because the former have a 
lower surface area than the latter and because the 
solubility of over 70 aliphatic alcohols (linear, cyclic, 
and branched) is directly proportional to the hydro- 
carbon surface area (55). An earlier study (56) 
showed a similar correlation for hydrocarbons. Many 
empirical correlations have appeared which are use- 
ful for estimating the aqueous solubility of organic 
liquids (57-59). These correlations, while far from 
complete, can be of value in evaluating the effect of a 
structural modification on solubility. 


Since many drugs are either weak acids or weak 
bases or their salts, dissociation must be regarded as 
an important factor in determining absorbability. I t  
is generally known (37,38) that the unionized form of 
a drug is absorbed far more efficiently than the ionic 
species, even though the latter is more soluble. The 
explanation for this observation lies in the fact that 
the increase in the partition coefficient in going from 
a salt to free acid (or free base) usually exceeds the 
corresponding decrease in solubility by several orders 


of magnitude. This is analogous to T being greater 
than 6 in Eq. 13. The greater absorbability of the un- 
ionized species over the salt is further amplified by 
the fact that it is rarely practical to give saturated so- 
lutions of the salt. 


Many workers (37, 38) regard the absorption of 
ionic species as nonexistent and treat the undisso- 
ciated species in a manner similar to the treatment of 
nonelectrolytes discussed. Others (60,61) have shown 
that certain ionic drugs are absorbed in their undis- 
sociated state, either directly or by ion-pair or com- 
plex formation. While these mechanisms are certain- 
ly operative in specific instances, they are not of suf- 
ficient importance to be of concern here. Conse- 
quently, the term AC in Eqs. 5, 8, and 9 must refer 
only to the concentration differential of the undisso- 
ciated form of the drug. In each aqueous phase, the 
concentration of unionized species, C,, can be related 
to the total concentration, Ct, the pH, and the pK of 
the weak acidic drug by: 


(Eq. 14) 


A similar equation can be written for basic drugs. 
The combination of Eqs. 14 and 5 is known as pH- 
partition theory. The direct application of this theory 
to gastric and intestinal absorption has been only 
partially successful. The data seem to indicate that 
the intestinal pH is closer to 5.5 than it is to the ac- 
cepted value of 7.4. This observation led to the postu- 
lation of a region of the intestinal lumen adjacent to 
its surface which has a pH of 5.5 and which is in equi- 
librium with the bulk of the lumen (37). This virtual 
pH hypothesis has been criticized (62) because its ex- 
istence would have no effect on the amount of union- 
ized drug at  the luminal surface. 


Dissociation behavior, however, is important in de- 
signing reversible derivatives when the linkage in- 
volves the ionizable group. Thus, a pH-sensitive drug 
such as 15-methylprostaglandin Faa becomes unioni- 
zable when converted to its methyl ester. 


If absorption is to be increased by adjusting hydro- 
phobicity, a linkage must be selected that will remain 
intact until absorption is complete, with subsequent 
release of the parent molecule into the bloodstream 
or at some specified tissue. To choose such a linkage 
rationally, an awareness of what linkage-cleaving en- 
zymes are present in the GI tract, the liver, the blood, 
and the various body tissues is necessary. 


Biological-Enzyrnes-In a broad sense, the basis 
for the rational design of biologically reversible drug 
derivatives is predicated on the ability of the host tis- 
sue or organism to regenerate the drug derivative to 
the bioactive parent molecular species. The manner 
in which this is frequently accomplished is through 
the mediation of an enzyme or enzyme system within 
the host. In this respect, Bender (63) and Jencks (64) 
reviewed the mechanisms of enzyme catalysis. The 
enzyme(s) may be widely distributed throughout the 
host tissue (e.g., esterase) or localized in site-specific 
tissue (e.g., amidase). Enzymes per se have been 
characterized chemically, but their efficiency and 
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Table 11-Reversible Derivative and Prodrug Linkages and Enzymes Responsible for Their In Vim Hydrolysis 


Linkage Hydrolyzing Enzyme Tissue Reference 


Ester 
Short-medium chain 


aliphatic 


Long chain aliphatic 
Carbonate 


Hemiester 
Phosphate, organic 


Pyrophosphate 
Sulfate, organic 


Amide 


Amino acid 


Azo 


C holinesterase 
Ester hydrolase 
Lipase 
Cholesterol esterase 
Acetylcholinesterase 
Acetyl esterase 
Aldehyde oxidase 
Lipase 
Carboxypeptidase 
Pancreatic lipase 
Pancreatin 
Lipase 
Aliesterase 
Carboxypeptidase 
Cholinesterase 
Esterases 
Acid phos hatase 
Alkaline pgosphatase 
Acid phosphatase I11 
Pyrophosphatase I 
Steroid sulfatase 
Arylsulfohydrolase A and B 


(phenolsulfatase, arylsul- 
fatase) 


Arylsulfohydrolase C 
Estrogen sulfohydrolase 
Steroid-3~-sulfohydrolase 
Steroid-21-sulfat ase 
Amidase 


Proteolytic enzymes 


Chymotrypsins A and B 
Trypsin 
Carboxypeptidase A 
Carboxypeptidase B 


Azoreductase 


Carbamate Carbamidase 


Phosphamide 


Glucosiduronate 
(6-glucuronide) 


Phosphoramidases 


8-Glucuronidase 


N-  Acet ylglucosaminide a-N-Acetylglucosaminidase 
p-N-Acetylglucosaminidase 


8-Glucoside p-Glucosidase 


Liver, kidney, gut 
Blood, intestinal mucosa 


General distribution 
Liver 
Gut 


Intestine 


Blood 
Blood 
Blood 
Blood 
Blood 
Liver, gut, blood 
Liver, blood 
Liver 


Liver 
Liver, gut 
Liver 
Placenta 
Liver 
Neoplastic tissue 
Walker carcinosarcoma 256 
Dunning rat  leukemia 
Neoplastic tissue 
Gut 
Neoplastic tissue 


Liver 
Walker rat  carcinoma 
Sarcoma 180 
Adenocarcinoma 755 
Lymphoid leukemia L-1210 
Liver 
Gut microflora 
Liver 
Walker carcinosarcoma 


Adenocarcinoma 755 (mice) 
Liver 
Neoplastic tissue (liver) 
Liver 
Liver 
Gut 
Blood 
Gut microflora 
Liver, gut, blood 


Gut, liver 
Gut microflora 


256 (rats) 


149-160, 161, 
162 


163 


105, 107 
103, 116 


164 
165-168 


169 
170-173 


174, 175 
176 
177 
178, 179 


180 ~~ 


181, 182 


186 
183-185 


156, 187-193 


194 
195 
191 
105, 107, 196 
110 
106 
io5, 107 
105, 107 
108, 109, 197, 


198 
199 
200 


20 1 


202-205" 
66,68 
206 
115 


115 
207 
208-216 


217-220 
221 


66, 68 
222, 223 
224 
176 
66, 68 


This excellent review covers a wide variety of bioreversible nitrogen mustard drug derivatives. 


specificity have generally not been quantitatively de- 
termined in vioo. 


Quantitative predictions of the effect of drug de- 
rivative enzymatic catalysis in uivo are difficult due 
to the variety and complexity of the enzyme systems 
involved. The liver, for example, considered the most 
important organ for drug degradation, contains a 
complex, nonspecific variety of enzyme systems. The 
reactivity of these systems varies widely in individu- 
als and largely depends on genetic and hormonal fac- 
tors, sex, age, etc., making absolute predictions im- 


possible. Furthermore, in uitro enzyme hydrolysis 
studies can be misleading if not conducted with sev- 
eral animal species. For example, a species specificity 
was demonstrated when hydrolysis rates of the re- 
versible derivative 4-acetamidophenyl-2,2,2-trichlo- 
roethyl carbonate were compared using human and 
rat plasma (65). Hydrolysis proceeded about four 
times faster in rat plasma than in human plasma, 
probably due to a greater abundance of specific and/ 
or nonspecific esterases present in rat plasma. This 
same phenomenon has been demonstrated for a se- 
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ries of lincomycin 2,7-dialkylcarbonate esters (12). 
A number of chemical linkages covalently bonded 


to a drug substrate that are known to be hydrolyzed 
by certain common enzymes are listed in Table 11. 
The host tissues in which these enzymatically cata- 
lyzed reactions occur are also shown. Although quali- 
tative in nature, this outline provides the medicinal 
chemist with a powerful tool for designing bioreversi- 
ble drug derivatives tailored to meet a specific thera- 
peutic need, route of administration, and dosage regi- 
men. 


Enzymes considered important to orally adminis- 
tered reversible derivatives are found in the gut, gut 
wall, blood, and liver. The gut of several animal 
species, including humans, contains a variety of GI 
microflora whose enzyme systems are capable of hy- 
drolyzing a number of reversible drug linkages. Thus, 
the naturally occurring glycosides amygdalin and cy- 
casin are hydrolyzed by gut microfloral enzymes to 
their aglycones methylazoxymethanol and mandelo- 
nitrile, respectively (66). P-Glucuronidases of similar 
microflora are capable of hydrolyzing stilbestrol and 
indomethacin glucuronides excreted in the bile. The 
parent drug is then reabsorbed from the intestine. 
This hydrolytic activity thus serves as an important 
event in the enterohepatic circulation of these drug 
entities (66, 67). Azo linkages are hydrolytically re- 
duced by azoreductase enzymes present in gut micro- 
flora. The reversible drug derivative sulfachrysoi- 
dine2 is converted to the parent bioactive species sul- 
fanilamide by this mechanism (66,67). 


Experiments in humans and germ-free rats have 
shown that sulfasalazine (salicylazosulfapyridine), a 
drug used in the treatment of ulcerative colitis, is en- 
zymatically reduced to 5-aminosalicylate and sul- 
fapyridine in the GI tract. The former has been im- 
plicated for its direct effect on the colon (68, 69). 
Other chemical linkages known to be hydrolyzed by 
GI microorganisms are carboxylic esters, sulfate and 
nitrate esters, amides, and sulfamates (70). 


Esterases -The distribution of esterases is ubiqui- 
tous and includes a wide assortment of vertebrate 
tissues and blood serum (71-75). Nonspecific esteras- 
es, as the name implies, hydrolyze a variety of ester 
types including aliphatic, aromatic, and thiol esters 
(76, 77) and amino acid esters (78, 79), as well as a 
number of aromatic amides (76) such as acetanilid, 
phenacetin, and lidocaine. Specific esterases include 
acetylcholinesterase (80), cholesterol esterase (81), 
and possibly vitamin A esterase (82). For a compre- 
hensive review of carboxylic ester hydrolases, see Ref. 
76. Many bioreversible drug derivatives have been 
designed to take advantage of the catalytic activity of 
these esterases. 


Lipases, another subclass of hydrolases, can be 
considered as carboxylesterases with one difference- 
they are unable to hydrolyze substrate ester deriva- 
tives that are fully dispersed (soluble) in water. 
There appears to be a minimum degree of molecular 
aggregation necessary for their hydrolytic activity 


Prontosil. 


(83). Lipases have recently been shown to hydrolyze 
molecules in a micelle (84, 85). Two classes of lipases 
are considered important for hydrolysis of reversible 
drug derivatives: tissue lipases and lipases found in 
the digestive tract due to discharge by specialized or- 
gans. The latter type is exemplified by pancreatic li- 
pase. Good correlation was established between the 
hydrolysis rate of a micellar solution of tripropionin 
and lipase esterolytic activity on these solutions con- 
taining approximately 13 monomers per micelle (84). 


The rapid hydrolysis of clindamycin palmitate 
given orally may be due to such hydrolytic activity 
since this drug exists as a micellar solution (86). A 
similar lipase is thought to hydrolyze micellar solu- 
tions of cholesterol and vitamin A esters (87-90). The 
fact that short chain fatty acid esters are not hydro- 
lyzed as readily as longer chain (Cl&ls) esters may 
be due to the fact that short chain esters are, in gen- 
eral, water soluble whereas the longer chain esters 
tend to form micellar solutions. 


Other lipases that may affect bioreversible deriva- 
tives have been found in the microsomal fraction of 
rat intestinal mucosa (91) and postheparin plasma 
(92). They hydrolyze short chain monoglycerides and 
simple esters but not cholesterol esters or long chain 
di- and triglycerides. A gastric lipase has been found 
in the microsomal fraction of gastric mucosa (93, 94) 
which hydrolyzes a number of variable chain-length 
triglycerides (95). Another lipase of interest is the so- 
called lipoprotein lipase. It can be detected in plasma 
within 20 see after an injection of heparin, suggesting 
that it may be attached to blood capillary walls (96, 
97). The liver contains a t  least three known lipases: 
one acidic lipase (98-100) and two alkaline lipases 
(99,101). These and other lipases have been reviewed 
(102,103). 


Another class of hydrolases that may be important 
in the hydrolysis of bioreversible drug derivatives is 
the proteolytic enzymes (peptidases) found in the du- 
odenum and intestinal epithelium. The amino acid 
derivatives hydrolyzed by the endopeptidases can be 
represented by the general formula: 


0 0 
II II 


R- C-NHCHC-R” 
I 
R 


Those hydrolyzed by the carboxypeptidases can be 
represented by the general formulas: 


0 0 
II . II . 


R-C-NH-CH-CCOOH R- C-0-CH-COOH 
. I  


R‘ 
I 


R 
peptide substrates ester substrates 


The dotted lines represent the point of hydrolysis 
by the peptidase. Studies with glycylglycine indicate 
that hydrolysis occurs within the intestinal epithelial 
cell rather than a t  the microvilli surface (104). Some 
of the better known endopeptidases include the chy- 
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Figure 4-Mean serum concentrations (micrograms per milliliter) of clindamycin and clindamycin phosphate after intramus- 
cular injections of clindamycin phosphate. (Adapted, with permission, from Ref. 173.) 


motrypsins. These enzymes catalyze the hydrolysis of 
amide substrates containing the aromatic amino 
acids phenylalanine, tryptophan, and tyrosine. More- 
over, esters of these derivatives are cleaved more rap- 
idly than the amides (105). Chymotrypsin C differs 
from chymotrypsins A and B in its ability to hydro- 
lyze more rapidly the ester, amide, and peptide bonds 
involving leucine (106). Trypsin, another peptidase 
found in the intestine, acts exclusively on peptide, 
amide, and ester bonds formed with arginine and lys- 
ine (105,107). 


Carboxypeptidase A and B, exopeptidases found in 
the intestine, catalyze the hydrolysis of ester and 
peptide bonds of derivatives containing aliphatic side 
chains such as alanine (105), leucine (105), isoleucine 
(105), and hippuryl-L-lysine (108,109). 


The abundance of proteolytic enzymes found in 
cancer cells led to the synthesis of glycine bis(2-chlo- 
roethy1)amide as a bioreversible form of nitrogen 
mustard which might selectively be hydrolyzed in 
such cancer cells (1 10). 


Other investigators have reported on the effect of 
amidases on the hydrolysis of aminoacylanilides 
(111-113) and penicillin derivatives (114). 


Carbamidases present in Walker carcinosarcoma 
256 were deemed responsible for hydrolysis of vari- 
ous bis( l-aziridiny1)phosphinyl carbamates to  the 
bioactive alkylating bis( 1 -aziridinyl)phosphinyl radi- 
cal (115). 


Keller (116) and Rhodes (117) have reviewed the 
properties and functions of a wide variety of proteo- 
lytic enzymes, and other comprehensive reviews have 
appeared elsewhere (118). 


Alkaline Phosphatase -Alkaline phosphatases 
(orthophosphoric monoester phosphohydrolases) cat- 
alyze the hydrolysis of many alkyl and aryl mono- 
phosphate esters. This family of enzymes is localized 
mainly in kidney and intestinal mucosa (119). Ossi- 
fying cartilage is also a rich source of such phospha- 


tase (120) and has an optimum activity a t  pH 8.4-9.4 
(121), similar to  that found in blood plasma (122). 
Isotope labeling studies support the belief that alka- 
line phosphatase acts uia a transferase mechanism 
whereby a phosphoryl moiety is directly transferred 
from the phosphate ester to an acceptor alcohol 
(123). It was also shown that Zn+2 (2-3 g-atoms/mole 
of enzyme) was essential for catalytic activity (124, 
125). These enzymes catalyze the hydrolysis of a wide 
variety of ester substrates, including phosphate 
monoesters, diesters, and phosphoroamidate (126- 
128). 


Acid Phosphatase -Like alkaline phosphatase, 
the acid phosphatases or orthoester phosphohydro- 
lases are widely distributed throughout nature. Their 
distribution in mammalian tissue differs somewhat 
from alkaline phosphatase, being found predomi- 
nantly in red blood cells (129, 130), plasma (131), 
prostatic tissue (132-134), spleen (135,136), and liver 
(137). 


The availability of acid phosphatases in red blood 
cells and plasma may account for the rapid hydroly- 
sis of clindamycin phosphate to clindamycin when 
clindamycin phosphate is administered intramuscu- 
larly (Fig. 4). Peak serum concentrations of clinda- 
mycin appear in less than 0.5 hr, reflecting rapid hy- 
drolysis of the phosphate ester in the systemic circu- 
lation. Intramuscular administration of this deriva- 
tive results in delayed absorption of clindamycin, due 
in part to rate-limiting diffusion from the injection 
site as the phosphate ester, with subsequent serum 
hydrolysis. 


The biologically reversible antineoplastic drug, di- 
ethylstilbestrol diphosphate, was designed to take 
advantage of the high phosphatase activity in pros- 
tatic carcinoma tissue. Given as an intramuscular in- 
jection, the derivative was thought to diffuse from 
the injection site as the ester and circulate to the 
prostatic tissue where hydrolysis occurred, thus accu- 
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Table 111-Reversible Drug Derivatives Utilized as Modifiers of Absorption (Oral, Percutaneous, and Parented) 


Reversible Modification Route of Property 
Parent Molecule or Linkage Administration Modified Reference 


Convallatoxin 
H ydantoin 


C hlorphenesin 


Acetaminophen 
Acetylsalicylic acid (aspirin) 
Acetylsalicylic acid (aspirin) 
N- Allylnoroxymorphone 


(naloxone) 
Nicotinic acid 


15-Methylprostaglandin F,, 
Procaine 


a-Amino-p- toluenesulfonamide 


Hexachlorophene 
(4-homosulfanilamide) 


Oleandomycin 
Erythromycin 


Clindamycin 


a-Carboxybenzyl enicillin 
a-Ar yl-8-aminoetPhy1 penicillin 
Penicillin, general structure 


a-Aminobenz ylpenicillin 


6- (D-a-Sulfoaminophenylacet- 


Carbenicillin 
a-Aminobenzylpenicillin 


Penicillin G 
Penicillin V 


a-Aminobenzylpenicillin 


Hetacillin 
Doxycycline 
Colistin 
Tetracycline 


7-Acylaminocephalosporins 


(ampicillin) 


amido) penicillin 


(ampicillin) 


(ampicillin) 


a-Amino (or ureido) cyclohexa- 
dienylalkyl penicillins and 
cephalosporins 


7-Ac ylaminocephalosporins 
Nandrolone 


9a-Fluorohydrocortisone 


Estradiol 


Oxymetholone 


Methylprednisolone 
Testosterone 


(fludrocortisone) 


19-Nortestosterone 
9- (B-D-Arabinofuranos y1) 


adenine 
Cortisol, prednisolone, dexa- 


methasone 


Prostaglandin 


Salicylic acid 


Ketal 
Alkyl ester 
Amino ester 
Glycine ester 
Alanine ester 
Caffeine complex 
THAM salt 
Acetamidophenyl ester 
Acetate ester 
Sulfate ester 
Mesoinositol penta- 


nicotinate 
Methyl ester 
Polyethylene glycol 


Acetate salt 


Ester 
Ether 
Hemiester 
Acetate ester 
Ester, alkyl 


Ester, alkyl 
Ester, phosphate 
Ester, mono- and dialkyl 
Alkoxymethyl esters 
Diethylaminoethyl ester, 


Azide 


Pivaloyloxymethyl ester 


Indanyl ester 
Acyloxymethyl ester 


Amide with 1,2-benziso- 
thiazol-3 (2H)-one 
1,l-dioxide 


N,N-Isopropylidene adduct 


Pivaloyloxymethyl ester 
Polymetaphosphate complex 
Lower alkyl esters 
Betaine salt 


Ring-substituted acyloxy- 


Acyloxyalkyl esters 
Acyloxymethyl esters 


(carbamate) 


alkoxymethyl esters, ether 


benzyl esters 


Imino ether 
Phenylpropionate, decanoate 


esters 
Acetate ester 


Enol ether 
Acetal 
Ethoxycarbonate ester 


Acetate ester 
N- Acety lglucosaminide 
Glucosiduronate (trimethyl- 


silyl) ether 
17-8-Adamantoate 
Acetate, formate, 


propionate, esters 
21-Phosphate ester 


21-Hemisuccinate ester 
Alkylsilyl ether 


Carbonate ester 


Oral 
Oral 


Oral 


Oral 
Oral 
Oral 
Oral 


Oral 


Oral 
Percutaneous 
Conjunctival 
Percutaneous 


Percutaneous 


Resorption 
Absorption 


Absorption 


Absorption 
Absorption 
Absorption 
Absorption 


Absorption 


Absorption 
Absorption 


Absorption 


Absorption 


Oral 
Oral 


Oral 
Intramuscular 
Oral 
Oral 
Oral 


Intravenous, 


Oral 


Oral 
Oral 


Intramuscular 


oral 


Oral 


Oral 
Oral 
Oral 
Oral 


Oral 


Oral 
Oral 


Oral 
Intramuscular 


Subcutaneous 


Oral, 
parenteral 


Oral, sub- 
cutaneous 


Intramuscular 
Oral 
Oral 


Intramuscular 
Oral 


Intramuscular, 
intravenous 


Subcutaneous 
Percutaneous, 


oral, intra- 
uterine 


Oral 


Absorption 
Absorption 


Absorption 


Absorption 
Absorption 
Absorption 


Absorption 


Absorption 


Absorption 
Absorption 


Absorption 


Absorption 


Absorption 
Absorption 
Absorption 
Gastric ab- 


sorption 
Absorption 


Absorption 
Absorption 


Absorption 
Absorption 


Absorption 


Absorption 


Absorption 


Absorption 
Absorption 


Absorption 
Absorption 


Absorption 


Absorption 


Absorption 


228 
229 


230 


231 
232 
233 
148 


234 


227 
235 


30, 236 


21 


237 
14, 238, 


239 
13, 240 


241 
242 
243 
244 


245, 246 


247 


248, 249 
225, 226, 


254 
250-253 


255, 256 


257 
258 
259 
260 


261 


262 
263 


264 
266 


266 


267 


268 


269 
270, 271 


272 
273 


274 


275 


276, 277 
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mulating as diethylstilbestrol in this localized site 
(23). Good antitumor activity was similarly demon- 
strated in mouse plasma cell tumor ADJ/PCGA with 
a series of phosphate esters of p- hydroxy-N,N- bis(2- 
chloroethy1)aniline. The activity was attributed to 
hydrolysis of the phosphate esters by acid and alka- 
line phosphatases present in the tumor (138,139). 


Comprehensive reviews on these important classes 
of enzymes have been written (140, 141), and Schapi- 
ra reviewed the properties of various enzymes pres- 
ent in neoplastic tissue (142). 


Sulfatases -The sulfate ester-hydrolyzing en- 
zymes are not necessarily limited to the catalytic hy- 
drolysis of sulfate ester anions but exert their effects 
on sulfatophosphates (sulfatophosphate sulfohydrol- 
ases) and sulfamates (sulfamatases). The sulfatases 
can be subdivided into aryl, alkyl, and steroid sulfa- 
tases. The function of the aryl and alkyl sulfatases is 
obscure, although they are found in liver (143, 144) 
and brain (145, 146) tissue. The steroid sulfatases, 
however, catalyze the hydrolysis of several types of 
steroid sulfate esters including estrone sulfate, an- 
drostenolone sulfate, etiocholanolone sulfate, and 
cortisone-21-sulfate. 


A series of estrogen sulfates was synthesized (147), 
but no biological testing of these esters was reported. 
Linder and Fishman (148) found low narcotic antago- 
nist activity upon intravenous administration of an 
isomeric monosulfate and a disulfate ester of nalox- 
one. 


Although virtually no drug derivatives containing a 
sulfate ester moiety have been explored, their use 
could be rationalized in therapeutic indications anal- 
ogous to those of drug phosphate esters. 


For obvious reasons, drugs possessing low aqueous 
solubility would be excluded from the intravenous 
route of administration. Reversible derivatives de- 
signed to enhance aqueous solubility of such drugs in 
uiuo include hemiesters, phosphate, and, possibly, 
sulfate esters. 


APPLICATIONS 


Absorption-Table I11 lists some presently mar- 
keted drugs that contain reversible linkages designed 
to enhance absorption of the parent molecule. This 
list of examples is designed to highlight the variety 
and scope of chemical linkages utilized to modify a 
wide selection of parent drug molecules. Parent mol- 
ecules include representatives from many diverse 
classes of drugs, and chemical linkages include com- 
plexes and salts as well as covalently bound moieties. 
Since absorption is a general phenomenon, several 
routes of administration are included to illustrate the 
versatility of this form of drug modification. 


One fine example illustrating the importance of re- 
versible derivative formation and its effect on ab- 
sorption is found in studies with ampicillin (D-a-ami- 
nobenzylpenicillin) (225, 226). This drug is relatively 
stable in an acidic medium but poorly absorbed oral- 
ly. A series of acyloxymethyl esters (Ia -1h ) was syn- 
thesized to provide a hydrophobic form of ampicillin 
that would be rapidly hydrolyzed in uiuo after ab- 
sorption to enhance serum levels of this antibiotic. 


Table 1V"-Hydrolysis of Acyloxymethyl Esters of 
Ampicillin at pH 7.4 and 37O in the Presence of 10% 
Human Serumb 


Ester 


~ ~~ 


Percent 
Hydrolyzedc 
after 30 min 


Acetoxymethyl (Ia) 89 


x-Butyryloxymethyl (Ic) 85 
Isobutyryloxymethyl (Id) 89 


Benzoyloxymethyl (Ih) 67 


Propionyloxymethyl (Ib) 80 


Pivaloyloxymet hy 1 ( I f )  22 
a-Ethyl-x-butyryloxymethyl (Ig) 23 


Adapted, with permission, from Ref. 225. b The starting concentration 
of the esters was 1/35 mmole - 10 pg/rnl of free ampicillin. c The figures do 
not indicate the exact degree of hydrolysis since, under the applied condi- 
tions, ampicillin as well as its esters undergoes transformations (probably 
polymerization) resulting in loss of antibacterial activity. 


In uitro hydrolysis studies were carried out on sev- 
eral ampicillin esters (Table IV). It was apparent that 
the straight chain esters were more rapidly hydro- 
lyzed than those with branched chains. This in uitro 
study, while indicative of the relative degree of enzy- 
matic in uitro lability of these esters, was not conclu- 
sive in determining which ester might suitably be 
used orally in uiuo. It would appear that the pivalo- 
yloxymethyl ester (If) is hydrolyzed too slowly to be 
of use clinically. In point of fact, absorption studies 
in humans (226) indicated that this ester was ab- 
sorbed almost quantitatively and enzymatically hy- 
drolyzed rapidly after absorption (Fig. 5). This ester 
hydrochloride of ampicillin represents the right de- 
gree of hydrophobicity for absorption coupled with 
the required amount of enzymatic lability necessary 
for hydrolysis to produce extremely high plasma lev- 
els of ampicillin. Peak serum levels of ampicillin (ad- 
ministered as pivampicillin) were more than three 
times greater than ampicillin administered above. 
This ratio of peak serum levels was invariant in both 
fasted and fed subjects. Since this study, acyloxy- 
methyl esters of several antibiotics have been made 
in an attempt to duplicate the success achieved with 
ampicillin (Table 111). 


15-Methylprostaglandin Fz, and its methyl ester 
provide yet another example of how a bioreversible 
derivative can enhance absorption of a parent drug 
molecule. Magee et al. (227) determined the rate of 
absorption of 15-methylprostaglandin Fza and its 
methyl ester in rats by using an in situ method of se- 
quential sampling of the duodenal contents. They 
found that absorption of the ester was biphasic with 


Iu: R = CHI 
Ib: R = CHLCH, 
Ic: R = (CHj)j2H 
Id: R = CH(CH,)l 
If: R=C(CH,) ,  
Ig: R = CH( CH2CH, )? 


Ih: R=Cl.H, 
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Figure 5-Mean serum levels of ampicillin in normal volun- 
teers following oral administration of 250 mg of amvieillin 
(0) and 358 mg of pivaloyloxymethylampicillin hydrochloride 
(=250 mg of ampicillin) ( X )  immediately after breakfast. 
(Adapted, with permission, from Ref. 225.) 


initial rapid uptake followed by slow continuous ab- 
sorption (Fig. 6). 


The rapid phase of absorption declined as the ester 
was cleaved to the parent free acid. Higher doses of 
ester resulted in more drug being absorbed, with no 
ester being detectable in the serum (Fig. 7). These re- 
searchers concluded that the methyl ester was ab- 
sorbed very rapidly, with hydrolysis by esterases oc- 
curring in the intestinal lumen and serum. Serum 
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Figure 6-Absorption of a low dose ( A )  (0.05 mg/ml) and 
of a high dose ( B )  (0.5 mglml) of 15-methyl-W-prostaglandin 
Fza methyl ester. The dashed lines show changes in fluid 
volume. (Adapted, with permission, from Ref. 227.) 
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Figure 7-Hydrolysis of 15-methyl-1kC-prostaglandin Fz, 
methyl ester to the free acid in the lumen of the small intestine. 
Same experiment as shown in Fig. 6. Key:  A ,  low dose; B ,  high 
dose; A, 15-methyl-14C-prostaglandin R,; m, 15-methyl-W- 
prostaglandin Fz, methyl ester; and 0, + A. (Adapted, with 
permission, from Ref. 227.) 


levels of parent prostaglandin 10-20 times greater 
were observed when the methyl ester was adminis- 
tered. 


Site Direction-Historically, research in the area 
of site-directed, reversible derivative chemotherapy 
has been generated mainly by empirical data and by 
intuitive notions and correlations. The fault lies not 
with the chemist and biologist but rather with the 
paucity of definitive data that might be used for 
planning and execution of meaningful studies in this 
area. 


The concepts of reversible drug derivative chemo- 
therapy to specific tissue can be generally divided 
into two classes: 


Site directed, in which the reversible derivative is 
transported and distributed preferentially to site- 
specific tissue according to the physicochemical 
properties of the derivative (e.g., hydrophobicity- 
hydrophilicity relationships, pKa, molecular size and 
geometry, and solubility). This subject was discussed 
in the Absorption section. 


Site activated, which relates to the regeneration of 
the parent molecule either by enzymatic or chemical 
hydrolysis in the target organ or site-specific tissue. 


The rationale for the synthesis of site-directed 
drugs evolved primarily in the area of cancer chemo- 
therapy but can be summarized by the following 
basic premises that apply to chemotherapy of any lo- 
calized disease state: 


1. Certain disease conditions are localized in spe- 
cific tissue. 


2. The drugs utilized in these disease states affect 
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normal as well as diseased tissue and may be metabo- 
lized and excreted prior to reaching the diseased tis- 
sue. 


3. Diseased tissue possesses enzymes or enzyme 
systems differing in their nature and abundance from 
normal tissue. 


4. These enzymes are capable of regenerating the 
bioactive species of a reversible derivative. 


Several excellent papers and reviews are based on 
these principles (160,163,278-283). 


Harper (23), in discussing drug localization in spe- 
cific tissue, drew analogies to enzyme histochemistry 
in which the histochemical staining process was lik- 
ened to site-specific drug localization (Scheme I). By 
drawing inferences from Scheme I and observing the 
relationship of the low solubility of certain dyes and 
their high association by hydrogen bonding, substitu- 
ent effects and steric properties, and subsequent 
binding to protein, it was concluded that optimal 
conditions for drug transport to site-specific tissue 
involved steric interactions (fit) of the drug with the 
receptor and also the influence of distribution, trans- 
port, excretion, and duration of action to these drug- 
protein interactions. 


The ideal reversible drug derivative might possess 
the following characteristics: 


1. Exclusive and complete transport to the dis- 
eased tissue or target organ, including affinity and in- 
teraction with these cell systems and tissues. 


2. Absence of binding of the derivative to protein 
or tissue not specifically diseased without degrada- 
tion (hydrolysis) or metabolism of the derivative 
prior to contact with the diseased bioenvironment; 
lack of toxicity for normal tissue within the diseased 
environment and other normal tissue in the body. 


3. Complete elimination from the body once the 
disease state is eliminated or once complete remis- 
sion is effected. 


The ideal derivative consists of a bioactive parent 
molecule containing a suitable transport group suffi- 
ciently stable to deliver the molecule to the site of ac- 
tivity (site direction) containing the necessary en- 
zyme systems and/or chemical bioenvironment suffi- 
cient to regenerate the parent molecule at  the dis- 
eased site (site activation). While the ideal derivative 
is yet to be made, several approaches have been uti- 
lized in a variety of attempts at  providing optimal 
therapeutic response and site specificity. They can be 
categorized as: (a) utilization of the enhanced enzy- 
matic activity present in diseased or dividing cells, 
especially neoplastic cells, but not present in normal, 
nondividing cells; (b) utilization of the lower pH of 
neoplastic tissue relative to that of most normal cells; 
and (c) utilization of lipophilic and/or hydrophilic 
derivatives to enhance transport and subsequent 
bioactivity to site-specific tissue. 


Following the first approach, Tsou et  al. (191) syn- 
thesized a series of nitrogen mustard reversible 
amide derivatives designed to regenerate the parent 
molecule in neoplastic tissue by taking advantage of 
the difference in the level of enzymatic amidase ac- 
tivity between normal and neoplastic cells. Assuming 
amidase activity to be localized in the tumor cell, 
they schematically represented what might occur at  
the site (Scheme 11): 


enzyme 
A-I3 - A *  t B 


less toxic 
than A or 
nontoxic 


toxic 


Scheme I1 


where A-B represents a nontoxic bioreversible de- 
rivative of A (toxic to neoplastic tissue), and the dot- 
ted line represents the site of hydrolysis of the deriv- 
ative by the enzyme. 


Of several derivatives synthesized, N,N-diallyl-0- 
aziridinopropionamide (DAAP) was found to be ac- 
tive intraperitoneally against the Dunning leukemia 
system in both ascites and solid form, and data were 
obtained a t  doses between 20 and 40 mg/kg. Leuco- 
penia, a common manifestation of toxicity with other 
bisfunctional alkylating agents, was not apparent 
with N,N-diallyl-0-aziridinopropionamide, indicat- 
ing that the derivative was selective in its action 
against dividing (neoplastic) tissue. 


Other examples of this approach can be found in 
Table V. 


Another property, namely lower relative pH of cer- 
tain neoplastic cells (284, 285), has been exploited in 
the design of bioreversible cancer chemotherapy drug 
derivatives. The fact that pH is lower in tumor cells 
may be due to the high rate of aerobic and anaerobic 
glycolysis, the end result being the production of lac- 
tic acid. This acid may accumulate in tumor cells if 
its production is greater than an offsetting neutral- 
ization due to diffusion of buffering substances into 
the cells from the arterial circulation and by acid dif- 
fusing from the cell into venous blood (286, 287). If 
the preceding elimination mechanisms were not oper- 
ative, the pH of the tumor cells would probably de- 
crease to a limiting value of -6 (288). 


Papanastassiou et al. (287) investigated the in uiuo 
acidic lability of a series of alkylaryldiazoamino com- 
pounds known to undergo facile acid hydrolysis in 
uitro (Scheme 111). Of those compounds tested, p -  
[N,N - bis(2 - methanesulfonoxyethy1)amino]benzene- 
diazonium fluoroborate (II), while somewhat toxic, 
prolonged the lifespan of L-1210 leukemia-implanted 
mice to 157% of controls at a dose of 1.25 mg/kg. It 
produced cures in five out of six mice with ascites 
Dunning leukemia. Several other compounds tested 
were inactive when R = CHzCHzF and Y = NO2 or 


YArN = NNR, ---+ YArN; + HNR, 
Scheme I l l  


COOC2HS. The choice of R and Y substituents ap- 
pears to be critical to activity. 


H.P+ 
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Table V-Reversible Drug Derivatives Utilized as Modifiers and Enhancers of Drug 
Transport to Site-Specific Tissue 


Reversible Modification Route of Target Tissue 
Parent Molecule or Linkage Administration or Organ Reference 


Isocyanate, R-N=C=O 


Testosterone 
Dromostanolone 
Urea 
Normeperidine 
Morphine, phenazocine 
Tetrahydrocannabinol 
Diethylstilbestrol 


Methotrexate, 3’,5’-dichloro- 
methotrexate 


Phenethylamine, dl- and d- 
amphetamine, Z-ephedrine, 
dl-p-hydroxyamphetamine 


Dopamine, 3,4-dihydroxy- 
phenethylamine 


Norepinephrine 


Cytosine arabinoside 
(cytarabine) 


Hydroxyurea 
Dichloroisocyanatophosphine 


oxide 
N,N-Bis(2-chloroethyl)- 


phosphorodiamidic acid 


Nitrogen mustard (2,2’-dichloro- 


Nitrogen mustard 


Allylamine 
Nitrogen mustard 


N-methyldiethylamine) 


Nitrogen mustard 


5-Diazoimidazole-4-carboxamide 


Nitrogen mustard 


Dichlorodiamine, dichloro- 
dialkylamine 


Haloalkyl nitrosourea 


Propionate ester 
Propionate ester 
Hydroxyl 
Amide 
Ether 
Ester 
4,4’-Diphosphate ester 
4,4’-Dicarbamate 
Dialkyl esters 


Carbonate 


Diacyl esters 


Silyl ether 
Acetate ester 
5 ‘-Acylate 
5’-Sulfonate 
Alkyl ether 
Carbamate 


Cyclic phosphoramide 


Phosphorodiamidic acid 


Aminomethyl tetracycline 


Amide 
Cholesterol, estradiol, 


Peptide (glycine, phenyl- 


Dialkyl triazene 


dehydroepiandrosterone 
esters 


alanine) 


Azobenzene 


Platinum coordination 
complex 


Intraperitoneal 
Intravenous 
Intracerebral 
Subcutaneous 
Oral 
Intramuscular 
Intramuscular 


Subcutaneous 
Subcutaneous 
Oral, intramuscular 
Intramuscular 
Intramuscular 


Intraperitoneal 


Intravenous 


Intraperitoneal 
Subcutaneous 
Intravaginal 


Intraperitoneal 
Intravenous 


Intraperitoneal 


Intraperitoneal 


Intravenous 
Oral 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 
Intravenous 


L-1210 leukemia 


Breast carcinoma 
Breast carcinoma 


Prostatic carcinoma 
Prostatic carcinoma 
L-1210 leukemia 


Brain 


Brain 


Brain 
Heart 
L-1210 leukemia 


Vaginal mucosa 
Walker carcinosarcoma 


Malignant lymphomas 
Neuroblastoma 
Ovarian adenocarcinoma 
Breast carcinoma 
Wilms tumor 
Dunning ascites tumor 


L-1210 leukemia 
Adenocarcinoma 755 
L-1210 leukemia 
Adenocarcinoma 755 
Mammary tumor 
Leukemia 


256 


301-303 


304 
305 
306 
307 
308 
152 
23 
309 
154 


207, 310 


311 


312 


151 


206 
115 


210, 214 
215 
297, 299 


216 


192 


191 
155, 313 


Hepatoma 314 
Walker carcinosarcoma 256 315, 316 
Sarcoma 180 201 
Adenocarcinoma 755 
L-1210 lymphoid leukemia 
Liver 200, 205, 


Solid sarcoma 180 318, 319 
Walker 256 carcinoma- 


Dunning leukemia 
Primary Lewis lung 


317 


sarcoma 


carcinoma 


In other studies utilizing the neoplastic cell pH hy- 
pothesis, Shealy et al. (201) found that the lifespan 
of L-1210-implanted mice increased 57% over con- 
trols when dosed with 5(or 4)-(dimethy1triazeno)im- 
idazole-4(or 5)-carboxamide (111). These compounds 
are acid labile (300) and were thought to regenerate 
the parent bioactive 5-diazoimidazole-4-carboxamide 
in v i m  as the internal salt (IV). A pH difference be- 
tween neoplastic and normal tissue and its effect on 
bioactivity of antineoplastic agents were also studied 
(289). 


A third approach, currently receiving increased at- 
tention, concerns the correlation of structure-activity 
relationships with lipophilic character of the drug de- 
rivative. A study (290) of some quantitative struc- 
ture-activity relationships of a series of nitrosoureas 
and triazinoimidazoles found that for each series the 


lipophilic character (a crude measure of absorption 
and transport) of each type of drug was parabolically 
related to its activity against L-1210 leukemia in 
mice. A parabolic relationship was found for 23 nitro- 
soureas when log P was plotted against log (l/c )(Fig. 
8). 


Log P was taken as a measure of hydrophobic char- 
acter of the derivative molecule where P was its octa- 
nol-water partition coefficient. Log l/c is a measure 
of the bioactivity of the drug. When X = C1 or F and 
R substituents varied from 4-tert-butylcyclohex- 


yl (log P = 4.51) to <so2 (log P = -0.411, the 
optimum hydrophobic character occurred a t  log P 
from about -0.4 to -0.6. Steric and electronic effects 
on bioactivity were not considered in this theoretical 
study (290). Based primarily on hydrophobic consid- 
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0,N -+< CH, 7 
Table VIaSolubility, Partition Coefficients, Substituent Constants, and Biological Activity of 
NSubstituted l-Aziridino-2,4-dinitrobenzamidesh NO1 
~ 


S ,  EDw, LDm, 
Compound R pmoles/ml P E  P B  Log P E  7r T' pmoles/kg pmoleslkg 


1 H  1.01 30 > 100 1.48 100 1100 


16 R' = H 5.04 0.50 0.14 -0.28 -1.76 - 1.6 112 
1.41 0.87 1 -0.06 -1.54 0.22 <9 113 


0.30 -1.18 0.58 3.6 100 
41 CHI 
42 CZH5 0.75 2 3.1 
43 n-Propyl 0.13 5.4 12 0.73 -0.75 1.01 34 95 
44 Isopropyl 0.32 4.5 9 0.65 -0.83 0.93 5.1 54 
45 C yclopropyl 0.41 1.7 3.3 0.23 -1.25 0.51 3.4 110 


- - 


CONHR' 


46 Isobutyl 0.14 14 30 1.15 -0.33 1.43 29 146 
47 tert-Butyl 0.68 30 55 1.48 0 1.76 65 227 


52 Rz = (CH3)2 3.3 1.1 15 0.04 -1.44 0.32 - ve 65 


54 - (CHz) 5- 0.68 9.2 > 100 0.95 -0.53 1.23 109 281 
55 -(CHz)zO(CHz)z- 1.3 1.2 15 0.08 -1.40 0.36 186 560 


CONHRz 


53 (CZH5)Z 2.6 7.5 > 100 0.86 -0.62 1.14 - ve 81 


Adapted, with permiasion, from Ref. 289. S = solubility in water containing 2% dimethyl sulfoxide at 25", P E  = ether-water partition coefficient, PfJ = 
benzenewater partition coefficient, T = log P z  - log P H  (for ether-water coefficients), and r' = log P z  - log P C O N H z  (for ether-water coefficients). 


erations and the parabolic relationship, however, i t  
was suggested that nitrosourea derivatives containing 
more hydrophilic substituents might yield more po- 
tent and less toxic drugs, although there are not 
enough data in Fig. 8 to substantiate the maximum 
value accurately. The trend, however, is apparent. 


It was also shown that an approximate measure of 
the derivatives' LDlo (dose required to  kill 10% of 
test animals) was related parabolically to log P. Max- 
imum toxicity was found at  log PO = 0.4. Log PO for 
toxicity was determined by taking the derivative d 
log llcld log P and was found to be approximately 1 
log unit higher than for potency, implying that deriv- 
atives containing more hydrophilic substituents, 
while increasing potency, simultaneously decrease 
toxicity. Wheeler et al. (291) confirmed these obser- 
vations. 


In contrast to the finding of Hansch et al. (290) of 
a parabolic relationship correlating log P with activi- 
ty in a series of nitrosourea derivatives, Khan and 
Ross (289) found a linear relationship between log P 
and activity in a series of N- substituted l-aziridino- 
2,4-dinitrobenzamides. Thus, they demonstrated a 
correlation between the water-lipid partition coeffi- 
cients of a number of substituted amides of 5-aziri- 
dino-2,4-dinitrobenzamide (CB 1954) and the ex- 


N(CH,CH,OSO,CH,,), 6 f  
n 


pected amide linkage sensitivity toward enzymatic 
hydrolysis in one instance and the chemotherapeutic 
index in the Walker tumor assay on the other. Not 
surprisingly, the highest antitumor activity was dem- 
onstrated by the more hydrophilic and easily hydro- 
lyzed substituted amide derivatives. Table VI sum- 
marizes the results of solubility, partition coefficient, 
substituent constants, and bioactivity data for this 
series of amide derivatives. 


The derivatives were tested as inhibitors of growth 
in transplanted Walker rat carcinoma 256; the IJD50, 
or median lethal dose for tumor-bearing animals, and 
the EDw, or the dose that produced a 90% inhibition 
of tumor growth, were reported. The LD50/ED90 ratio 
was taken as the chemotherapeutic index (C.I.). A 
plot of log 1BDw or log l/LD50 uersus 7~ results in a 
linear relationship for a series of monosubstituted 
(but not disubstituted) amide derivatives (Fig. 9). 


It can thus be seen that the presence of a monosub- 
stituted amide group in 5-aziridino-2,4-dinitrobenza- 
mide confers favorable water-lipid partitioning prop- 


0 1 2 3 4 
LOG P 


Figure 8-Experimental data (log l /C)  for 23 nitrosourea 
derivatives plotted against log P. (Adapted, with permission, 
from Ref. 290.) 
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Figure %Plot of substrate constant, X ,  against log l/EDso 
(0) and log l/LDso (a) for 5-aziridim-2,4-dinitrobenzamides. 
(Adapted, with permission, from Ref. 289.) 


erties yet maintains sufficient in uiuo stability via 
the amide linkage such that hydrolysis is selective 
within sensitive tumor cells. These two factors, cou- 
pled with the fact that host toxicity of the derivatives 
is not highly dependent on ?r or ease of amide hydrol- 
ysis, suggest that membrane permeabilities of Walker 
tumor cells differ from normal cells. Possibly the 
tumor intercellular enzymatic activity is sufficient to 
hydrolyze the amide to a nondiffusing anion, thus de- 
stroying toxicity as well as bioactivity. 


Similar studies were performed on busulfan3 (1,4- 
dimethanesulfonoxybutane, 1,4-butanediol dimeth- 
anesulfonate) and related sulfonic acid esters (292). 
Good correlations between water-lipid ratios and 
bioactivity (neutrophil-depressing activity) were 
found. 


In a study aimed at  providing a rational approach 
to the development of improved site-specific chemo- 
therapeutic agents, Jusko (293) developed a phar- 
macodynamic model utilizing dose-time-cell survival 
curves generated by the administration of cell cycle 
specific agents. The model assumes an irreversible, 
bimolecular mechanism of drug-receptor interaction 
that serves as the interface between the pharmacoki- 
netic parameters of the drug and the cell cycle-cell 
proliferation kinetics of both normal and neoplastic 
cells. Dose-time-cell survival curves were analyzed 
using the model for several drugs including the re- 
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Figure 10-Dose-cell survival and dose-animal survival 
curves for the effect of cyclophosphamide on lymphoma cells 
in the mouse femur. The cell survival line was obtained by 
least-squares fit of the data to the model of Scheme IV. The 
theoretical duration of animal survival curve was generated 
with the values CTO = 2.2 X 101 cells, k, = 0.0603 hr-l, 
and cell number causing animal death = 8.6 X 108 cells. 
(Adapted, with permission, from Ref. 293.) 


versible derivative cyclophosphamide. The effects of 
this derivative on hematopoietic and lymphoma cells 
were examined, and it was found that the primary in 
uiuo determinant of selective chemotherapy was op- 
erative during the proliferative state of the cells. 


Scheme IV illustrates the model utilized by Jusko 
to characterize the effects of these chemotherapeutic 
agents, where CS represents the concentration of cells 
(proliferative) sensitive to the drug, CR is the number 
of insensitive (resting) cells, kRs and ksR are inter- 
conversion rate constants between the two cell popu- 
lations, X t  represents the transient amount of drug 
to  which the cells are exposed, and k s  and k d  are rate 
constants acting on sensitive (Cs) and insensitive 
(CR) cells, respectively. The concentration of steril- 
ized or killed cells is represented by C,, and k is the 
association rate constant for bimolecular, irreversible 
drug-receptor interaction. 


Perhaps the most important parameter of the 
model is ks ,  the “chemotherapy constant,” which- is 
determined by the assumptions that: (a) kRs and ksR 
are relatively constant, and (b) the rate constant for 
cell kill (k X X t )  can be related to the dose (Da) and 
the number of doses (N) of drug by k X t  X d t  = 


This parameter implicitly includes the distribu- 
tion, elimination, and drug-receptor association rate 
constants. Figure 10 illustrates dose-cell survival and 
dose-animal survival curves for cyclophosphamide 
on lymphoma cells. 


NksDo. 
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Pharmacokinetic studies such as this allow esti- 
mates of biological effects (cell kill) to  be made at  the 
receptor level as a function of both dose and time. 
Obviously, absorption and distribution of derivative 


to  site-specific tissue must also be considered as im- 
portant variables (see discussion on absorption). This 
type of modeling allows the medicinal chemist to 
evaluate grossly the effects of a parent molecule at 
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Figure 11-Concentration of dihydrostreptomycin in the 
plasma of dogs as a function of time after intramuscular 
administration of 4 mg/kg of dihydrostreptomycin (as sulfate) 
in water (0) and in cottonseed oil (X) and of 4 mg/kg of di- 
hydrostreptomycin (as pamoate) in cottonseed oil (0). Dotted 
lines give one-compartment open model fits. (Adapted, with 
permission, from Ref. 321.) 


the receptor level and to provide an approximation of 
the magnitude of the effect of the reversible linkage 
on transport and distribution to such site-specific tis- 
sue. 


The interesting bioreversible cytotoxic derivative 
whose in viuo biodegradation has remained obscure 
for many years is cyclophosphamide [2-[bis(2-chlo- 
roethyl)amino]tetrahydro - 2H - 1,3,2 - oxazaphosphor- 
ine 2-oxide (V)]. This agent differs from other alkyl- 
ating agents in that it shows a significantly greater 
selectivity against a variety of tumor cells (211, 294, 
295) as judged by its relatively high therapeutic index 
in vivo (215). The greater safety margin of this drug 
is due to its reduced general and organotropic toxici- 
ty. Furthermore, leucotoxicity is less severe and more 
readily reversible. 


Cyclophosphamide was originally synthesized as a 
reversible derivative of 2,2’-dichlorodiethylamine 
(nor-HN2, VI). Hindsight proved this assumption to 
be false based on subsequent work on this derivative. 


On administration of cyclophosphamide to animals 
containing a variety of tumor systems, however, the 
cytotoxicity was significantly greater than with nor- 
HN2 (211, 296). A concerted effort (209, 210, 214, 
215, 297-299) was undertaken to characterize the 
bioreversibility and metabolism pattern of this drug 
(Scheme V). Several of the products and metabolites 
possess cytotoxic activity comparable to the activity 
of administered cyclophosphamide. Recent studies 
with 14C-labeled cyclophosphamide in mouse liver 
microsomal systems showed N, N-bis( 2-chloroethyl) - 
phosphorodiamidic acid to be an active cytotoxic 
agent generated in this system (297, 298). The detec- 
tion of acrolein as a product of microsomal oxidation 
suggested that metabolism of V proceeded via an 
open chain aldehyde to N,N- bis(2-chloroethy1)phos- 
phorodiamidic acid (Scheme V). Montgomery e t  al. 
(160) treated in detail the metabolism of this drug 
and its various forms. 


The example of cyclophosphamide and the impli- 
cations apparent from a reversible derivative stand- 
point are profound. The relatively simple modifica- 
tion of a drug molecule (nor-HNB?) has gradually de- 


veloped into an exceedingly complex and as yet unre- 
solved problem in the determination of the mecha- 
nism of action of this important drug. 


Table V illustrates selected examples of several 
classes of drugs that have been reversibly modified 
for utilization as site-directed and site-activated che- 
motherapeutic agents. 


Depot-Both the physical and chemical approach- 
es have proved useful in imparting depot activity to a 
drug. Ritschel (320) recently published a thorough 
review of the various synthetic and mechanical tech- 
niques for producing depot activity in parenterals. 


The basic premise for depot activity is the localiza- 
tion of the drug derivative in some biological depot or 
site within the organism, with subsequent slow re- 
lease from that site at a sufficient rate to provide the 
.active form of the drug in therapeutically efficacious 
quantities. The duration of activity of such a drug 
depends upon its physical and chemical properties. 


Two important considerations in rational design 
are: (a) the solubility of the derivative in the vehicle 
(e.g. ,  oleaginous) and the bulk aqueous phase (extra- 
cellular water a t  the site of administration) where the 
release rate is solubility controlled, and (b) diffusion 
of drug derivative from the vehicle where release is 
diffusion controlled. 


Once the derivative is released (solubilized) a t  the 
site of administration, two factors become important: 
(a) regeneration of parent molecule at or near the 
site by slow, nonenzymatic hydrolysis on contact with 
body or tissue fluids, e.g., repository sulfones; and (b) 
regeneration of the parent bioactive substance by en- 
zymatic hydrolysis either a t  the site or in a central 
compartment (e.g., blood). This sequence of events 
can be described by a consecutive first-order model 
(Scheme VI): 


k, I: ,  k ,  
A - B - C - D  


Scheme V1 


where A represents the amount of drug at  the injec- 
tion site, B is the amount of derivative in the central 
body compartment (blood and rapidly equilibrating 
tissue), C is the amount of regenerated active species, 
and D is the amount of drug eliminated from the cen- 
tral compartment a t  any time. The terms k,, the ab- 
sorption rate constant, k,, the derivative’s regenera- 
tion rate constant, and k,, the elimination rate con- 
stant, govern the drug transfer rate from the depot 
and central compartment. 


Caldwell et al. (321) utilized this model in studying 
the depot properties of dihydrostreptomycin pa- 
moate and in estimating k, (absorption rate con- 
stant) for this salt. The plasma concentration-time 
plots for the sulfate (tl la = 0.33 and 0.52 hr) and pa- 
moate ( t l / z  = 3.46 hr) salts of dihydrostreptomycin 
are shown in Fig. 11. 


The bioavailability of the parent molecule depends 
on the type and rate of hydrolysis of the reversible 
derivative. Elslager and coworkers (322-325) synthe- 
sized several bioreversible dapsone (diaminodiphenyl 
sulfone, 4,4’-sulfonyldianiline, DDS) derivatives de- 
signed to hydrolyze either enzymatically or nonenzy- 
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Figure 12-Influence of ester type of testosterone on growth of 
capon crest. Key:  0, propionate ester; A, isobutyrate ester; @, 
n-valemte ester; and 0, undecylenate ester. (Adapted, with 
permission, from Ref. 327.) 


matically in uiuo. A series of 4’-(N- acylsulfanily1)an- 
ilides (322) was made to take advantage of their anti- 
malarial and antileprotic activities in a repository 
form. The acyl group varied from hydrogen to palm- 
ityl, with a range of solubilities in pH 7 buffer solu- 
tions from 0.013 (hydrogen) to 0.0002 (palmityl) 
mg/ml. Optimum repository activity occurred with 
acedapsone (4’”’’’-sulfonylbisacetanilide, DADDS) 
at  a solubility of 0.003 mg/ml. This derivative was 
slowly hydrolyzed by deacetylases to  regenerate dap- 
sone in uiuo. 


Other derivatives were designed to take advantage 
of nonenzymatic lability in body tissue and fluid and 
included a variety of 4‘,4“‘- [bis(amino-p-phenylene- 
sulfonyl)] bisanilides (323) and 4’-[ (N-aralkylidene-, 
benzylidene-, and naphthylidene)sulfanilyl]anilides 
(324). Of these latter compounds, 4’,4”’ - [p - phenyl- 


A saturation of sites 


0 


0 
CHAIN LENGTH, n 


Figure 13-Theoretical curves for the fractional occupancy of a 
perfect Langmuirian receptor phase as a function of alkyl 
chain length under the condition that So(kl/k-l)o >> 1 .  The 
heavy line, line A - 2 ,  is the expected trend for saturated solu- 
tions. Profiles initiating at points B ,  C, and D are idealized 
profiles obtained using fixed concentrations CI, Ct, and C3, 
respectively, where So > C1 > Ct > C3. I n  such cases, log (f) 
increases linearly with chain length until the saturation 
limitation is obtained. Thereafter, the profiles are super- 
imposed on the saturation profile. The dotted lines represent 
the continuing trends expected, neglecting the solubility restric- 
tion. “Parabolic” curves can be generated at a fixed concentra- 
tion. The apex of the “parabola,” the chain length of maximal 
activity, can be flat or broad, depending on concentration. Its 
position on the chain-length axis is also concentration depen- 
dent. (Reprinted, with permission, from Ref. 367.) 


enebis (methylidyneimino-p-phenylenesulfonyl)] bis- 
acetanilide (PSBA) and 4’- [N-(3,5-dichlorosalicyli- 
dene)sulfanilyl]acetanilide (DSA) proved notewor- 
thy. Antimalarial and antileprotic activity data as 
well as approximate pharmacokinetic data for these 
derivatives are summarized in Table VII. 


Pinder (326) recently reviewed antimalarial drugs 
possessing depot and repository properties. 


Steroids have been the subject of intense study as 
clinically acceptable forms of depot drugs. Steroidal 
bioactivity has been prolonged by forming esters of 
various lengths and various degrees of steric hin- 
drance. Figure 12 illustrates the effect of chain length 
on duration of activity (the bioactivity of the parent 
steroid manifested as capon crest growth) for a series 
of testosterone esters (327). Winter and Porter (266) 
similarly correlated rates of absorption of several es- 
ters of hydrocortisone and 9a-fluorocortisone as a 
function of duration of activity. 


Miescher et al. (328), in a classic study, demon- 
strated extended duration and bioavailability in a se- 
ries of testosterone aliphatic esters. With the long 
chain esters (palmitate and stearate), the increased 
duration was probably due to delayed absorption 
(solubility rate controlled) and steric hindrance 
(slowed hydrolysis of ester). Rapala et al. (272) dem- 
onstrated a prolonged activity due to steric hindrance 
with substituted and nonsubstituted adamantoate 
esters of testosterone. 


Various drug classes designed specifically as agents 
for depot therapeutic efficacy by use of the reversible 
derivative are listed in Table VIII. 


Organoleptic Properties-Taste- Taste is a 
complex combination of sensations including gusta- 
tion, olfaction, tactility, and responses to heat and 
cold. In humans, the sensation of taste is confined 
primarily to the dorsal surface of the tongue, the soft 
palate, the epiglottis, and parts of the gullet. In chil- 
dren, however, the taste receptors are distributed 
over larger areas of the mouth. Basically, there are 
four so-called primary tastes: sour, bitter, salty, and 
sweet. Others include astringent, metallic, and alka- 
line (soapy). Pfaffman (362) estimated that a human 
has lo4 taste buds including taste nerves and other 
sensory nerves stimulated by foods. Each taste bud is 
innervated by from two to 10 nerve fibers with anoth- 
er lo4 sensory fibers that serve as monitors for pain, 
temperature, tactility, and other stimuli. 


Mechanism of Taste Receptor Stimulation -Elec- 
trophysiological measurements have been made by 
inserting microelectrodes into single taste cells and 
measuring the electric potential change between the 
inside and outside of the cell after stimulation with a 
chemical substance (363, 364). It was found that the 
molecular geography of the receptor surface changes 
after such stimulation, thus initiating a chain of 
events that ultimately manifests itself as a taste re- 
sponse. 


Potassium ions, present in abundance within the 
cell, are released due to increased cell permeability 
near the associated nerve axon, and this phenomenon 
accounts for the electric potential change. This 
change initiates electrical nerve impulses of a few 
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Table VIII-Reversible Drug Derivatives Utilized as Modifiers of Duration of Activity (Prolonged, Depot Action) 


Route of 
Parent Molecule Reversible Modification or Linkage Administration Reference 


Nicotinic acid 
Streptomycin 
Dihydrostreptomycin 
Cytarabine (ara-C) 
Ara-adenosine (ara-A) 
Deoxyribonucleosides, 


ribonucleosides 
3-o-Toloxy-l,2-propanediol 


Ampicillin 
Substituted acetamidopenicillins 
Amphotericin B 
Neomycin 
Fluphenazine 
Pipothiazine 


Nandrolone 
Hydrocortisone 
Testosterone 


Dextran and carboxymethyldextran esters 
Alginic acid salt 
Pamoate salt 
5 '-Adamantoate ester 
5'-Palmitate and 5'-benzoate esters 
5'-Adamantoate ester 


Phenoxyacetate ester 
Hemisuccinate ester 
Dibenzylethylenediamine salt 
Carboxamido ester 
Methyl ester 
Dextran sulfate salt 
Heptanoate and decanoate esters 
Palmitate ester 
Undecylenate ester 
Phenylpropionate and decanoate esters 
21-Alkyl esters 
17-8-Alkyl esters 


Oral 
Intramuscular 
Intramuscular 
Intraperitoneal 
Intraperitoneal 
Intraperitoneal 


Intraperitoneal 
Intraperitoneal 
Intramuscular 
Intramuscular 
Intraperitoneal 
Intramuscular 
Intramuscular 
Intramuscular 
Oral 
Intramuscular 
Local (topical) 
Intramuscular 


6~-9(~-Difluorocorticosteroid 
Estradiol 


Estradiol 
Estradiol 
Nortestosterone 
Aldotestosterone, l-dehydro- 


aldosterone 
Estrogen 
Betamethasone 


Phendimetrazine 
Imipramine 
Oleandomycin 
Aspirin (acetylsalicylic acid) 
2-Phenylacetamido-, 2-amino-2- 


phenylacetamido-, phenyl- 
imidazolidin ylpenicillins 


Prostaglandin 
Dopamine 
C hloramphenicol 
Dapsone (diaminodiphenyl- 


sulfone) 
Cycloguanil 


Alkyl ortho esters 
17-Cycloalkenyl esters 
Oligomeric esters 
Enol ethers and acetals 
Formate ester 
Terpenoate ester 
21-Benzoate ester 


3-Cyclopentyl ether 
21-Adamantoate ester 


Pamoate salt 
Pamoate salt 
Acetate, propionate ester 
Alkyl carbonate ester 
N-Acyl-6-acylamino amide 


2- (4-1midazolyl)ethylamine salt 
Amino acid amide 
Mono- and bis(trimethylsily1) ethers 
Acetamide 
Formamide 
Pamoate salt 


Intramuscular 
Oral 
Subcutaneous 
Oral, parenteral 
Intramuscular 
Subcutaneous 
Oral, parenteral 


Parenteral 
Oral, rectal, 


parenteral 
Oral 
Oral 
Oral 
Oral 
Oral 


Oral 
Oral 
Parenteral 
Intramuscular 
Oral 
Intramuscular 


329 
330 
321 
331 
332 
333 


334 
335 
336 
337 
338 
339 
340 
341-343 


265 
266 
33, 272, 


328, 
344 


345 
346 
347 
267 
348 
349 
350 


351 
352 


353a 
354 
355 
356 
337 


357 
193 
358 
359 
360 
361 


0 This article tabulates a variety of pamoate salts for several classes of drugs. 


milliseconds duration, with 100-200 impulseshec. 
The intensity of the signal to the brain is a function 
of the number of nerve fibers activated and the im- 
pulse frequency. 


Beidler (365) found that the magnitude of a taste 
response increases a t  a declining rate with concentra- 
tion until further concentration increases fail to elicit 
a response. The relationship between concentration 
and the magnitude of a steady-state response is: 


C K R ,  R = -  
C K  + 1 (Eq. 15) 


where C is the concentration of the stimulant, R is 
the electrical response magnitude, R, is the maximal 
response magnitude at saturation, and K is the reac- 
tion equilibrium constant of stimulus-receptor. Plot- 
ting R versus C affords a sigmoidal curve, the middle 
portion of which can be utilized for comparisons be- 
tween concentration and response. The utility of the 
comparison is invalid at  low and high concentrations. 
Other studies provided evidence of weak substrate 
adsorption to the taste receptor surface (366). 


When suspensions are considered, simply replace C 


by S for drug solubility. The effects of a homologous 
series on adsorption onto receptors was studied re- 
cently (367). In an analysis similar to that presented 
for absorption (see section on absorption), it was 
shown that for subsaturated solutions the response 
increases with alkyl chain length until R reaches R,. 
It was also shown that for suspensions there can be 
an increased response with chain length for the lower 
homologs. This results from the fact that the value of 
K, which is essentially a Langmuirian adsorption 
constant, increases as a homologous series is ascend- 
ed. However, as the series becomes highly hydropho- 
bic, the decrease in solubility that accompanies chain 
extention overshadows the increase in the adsorption 
constant and the response begins to diminish with 
chain length until it drops below the threshold value. 
These relationships are summarized in Fig. 13. 


Duncan (368) postulated that taste stimulation 
may be due to enzymatic mediation. This contention 
was disputed by Beidler (369) who cited lack of ex- 
perimental evidence for this thesis plus the fact that 
such interactions are highly pH dependent whereas a 
taste response elicited by sodium chloride, for in- 
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Table IX-Reversible Drug Derivatives Utilized as Modifiers of Taste and Odor Properties 


Parent Molecule Reversible Modification or Linkage Property Modified Reference 
~ ~ ~ ~~ ~~~ ~~ 


Pivampicillin Probenecid salt Bitterness 378 


Propoxyphene 2-Naphthalenesulfonic acid salt Bitterness 380 
4-Chloro-m-toluenesulfonic acid salt Bitterness 381 


Tetracycline 3,4,5-Trimethoxybenzoate salt Bitterness 379 


and 3,4-dichlorobenzenesulfonic acid 
salt 


Oleandomycin AcyI ester/N-oxide Bitterness 355 
C hloramphenicol Palmitate ester Bitterness 221 


a-Haloalkyl ester, phenyl ester Bitterness 382 
Phosphite ester Bitterness 383 
(Trimethylsilyl) ether 358 


Phosphate ester Bitterness 175 
Clindamycin Alkyl ester Bitterness 13 
Erythromycin Alkyl ester/salt Bitterness 238 


Alkyl ester Bitterness 14, 384, 385 
Ethyl mercaptan Phthalate ester Odor 
Trichloroethanol Carbonate ester Odor 16 
N-Arylanthranilic acid Glyceryl ester Bitterness 388 


Lincomycin Alkyl ester Bitterness 10-12 


386, 387 


stance, can occur between pH 3 and 11. He felt that 
the initial response was electrochemical in nature 
and due to creation of a disturbance in the surface 
cell geography with subsequent depolarization of the 
receptor cell. 


Molecular configuration of the drug molecule plays 
an important role in adsorption efficiency at the re- 
ceptor level. Saccharin has a taste threshold approxi- 
mately Y=,w that of sugar, whereas N -  methyl-, ethyl-, 
or bromosaccharin is tasteless (369). Analogously, the 
magnitude of a bitter taste response may be modified 
by changing the molecular configuration of the par- 
ent molecule. Such is the case for clindamycin (par- 
ent molecule) and a series of clindamycin 2-esters 
(reversible derivative) (13). Solubility, as already 
mentioned, may play an important role in decreasing 
the intensity of a bitter response. 


A combination of factors is perhaps operative in 
the demonstration of a taste response. Bitterness of a 
molecule, for example, may be due to the efficiency of 
the taste receptor-substrate adsorption reaction, 
which is related to the molecular geometry of the 
substrate. If alteration of the parent molecule occurs 
by derivative formation, the geometry is altered, af- 
fecting the adsorption constant. This effect, in turn, 
acts in concert with the aqueous solubility (or lack of 
such) of the derivative to eliminate the bitter taste 
response. Beidler (369) and Moncrieff (370) pub- 
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Figure 14-Effect of clindamycin ester chain length an taste 
of ester in syrup. (Reprinted, with permission, from Ref. 13.) 


lished reviews on taste theory. 
Odor -Odor, another organoleptic property ame- 


nable to reversible derivatization, plays an important 
role in the quality and intensity of taste perception. 
The magnitude of an olfactory response is related to 
concentration (371) and can be measured by record- 
ing the electrical nerve impulses generated by the ol- 
factory receptors when they are stimulated by an 
odor (372). Olfactory receptor sensitivity is well 
known and probably depends on the adsorption of 
the stimulus molecule to the surface of the receptor. 
Certain insects can respond to concentrations of less 
than M (373). 


The nature of the functional group and the shape 
of the molecule, in conjunction with volatility, deter- 
mine the intensity and duration of such adsorption. 
Studies (365) have been successfully applied to olfac- 
tion using the amyl acetate olfactory response (372). 
Several reviews and papers have been written corre- 
lating odor and molecular constitution (374-376), 
stereochemistry (3771, and physical variables (372). 


Taste Studies -The extremely bitter antibiotics 
have been the focus of much work in reversible drug 
modification. A study of clindamycin was undertaken 
to provide derivatives that could suitably be utilized 
as a tasteless pediatric form of this antibiotic (13). A 
series of 2- and 3-monoesters and several 2,3-biscar- 
bonate esters was made. Four clindamycin 2-acyl es- 
ters of varying chain length (palmitate, laurate, hexa- 
noate, and acetate) were dissolved in 30% sucrose so- 
lutions. The clindamycin ester solutions were coded 
A, B, C, and D, and samples of each were given to a 
taste panel of 26 people, with 1 hr allowed between 
each sample. The taste of each was rated on a scale of 
1-9 (1 = poor, 9 = excellent). The raw score data 
were analyzed by computer to show any significant 
differences between samples. 


The average scores (Fig. 14) indicate a linear trend 
of taste improvement with increasing chain length. 
The palmitate ester was significantly better than the 
laurate a t  the 5% level of confidence. The laurate, in 
turn, was significantly better than both the hexa- 
noate and the acetate. The latter two compounds 


202 / J o u m l  of Pharmaceutical Sciences 







Table X-Reversible Derivatives Utilized as Modifiers of Irritation on Injection 


Parent Mdecule Reversible Modification or Linkage Route of Administration Reference 


Chloramphenicol l-Hemisuccinate sodium salt Intramuscular, intravenous 169, 400 
1,3-Bishemisuccinate disodium salt Intramuscular 


or piperazine salt 
Oleandomycin Acetate, propionate esters, N-oxide Intravenous, intramuscular 355 
Clindamycin Phosphate ester Intramuscular 391, 398, 399 


were ranked equally low, being very bitter tasting. 
Clindamycin 2-palmitate was found to be devoid of 


the characteristic bitter taste of clindamycin. 
Table IX illustrates several types of drug mole- 


cules that have been reversibly modified to eliminate 
offensive taste and odor properties inherent in the 
parent drug molecule. 


Irritation-Zntramuscular or Intravenous Znjec- 
tion -Perhaps the most effective yet intimidating 
mode of drug administration is uia the parenteral 
route. It is efficacious in the sense that it provides an 
immediate therapeutic dose of medicament to those 
patients not able to self-administer medication such 
as infants and hospitalized and comatose patients. 
Furthermore, the frequency of dosing may be re- 
duced by utilizing an injectable depot or repository 
form of the drug (see Depot discussion). 


Patient reluctance develops, however, when an ini- 
tially painful intravenous or intramuscular injection 
must be administered in a multiple-dose regimen. 
Such pain is usually accompanied by hemorrhage, 
edema, inflammation, and tissue necrosis (389). The 
intensity of pain due to injectable substances has 
been evaluated by use of tenderness profiles (390) 
and elevation of enzyme levels such as serum glutam- 
ic oxaloacetic transaminase (SGOT), serum glutamic 
pyruvic transaminase (SGPT), and creatine phos- 
phokinase (CPK)(390-392). Ballard (393) tabulated a 
variety of local reactions caused by the injection of 
several drug solutions and suspensions. 


Several factors apparently influence the occur- 
rence, intensity, and duration of pain generated by 
an injection. Among these, the most important are 
considered to be the solubility of drug in an aqueous 
medium, viscosity, pH, tonicity of the injected drug 
solution, volume injected, site of injection, pain toler- 
ance of the patient, and technique of administration 
(394). Other factors include precipitation of drug at  
the injection site (391, 393, 395-397) and localized 
cell lysis (391). 


The approach usually taken by the product formu- 
lation specialist is to add a local anesthetic to the 
product to reduce pain by blocking the sensory 
nerves around the injection site. A more rational ap- 
proach involves the reversible modification of certain 
physicochemical properties of the offending parent 
drug to eliminate such pain and irritation. A number 
of drug molecules have been reversibly modified in 
such a manner to alleviate these frequently bother- 
some side effects (Table X). 


A good example of this type of modification in- 
volves clindamycin hydrochloride, a semisynthetic 
antibiotic used in the treatment of infections due to 
sensitive Gram-positive organisms. This drug is irri- 


tating when administered by intramuscular or intra- 
venous injection. It was postulated that this irritation 
might result from precipitation of the clindamycin 
free base at  the injection site or from rapid partition- 
ing of drug into tissue cells surrounding the injection 
site, resulting in cell lysis (391). Both mechanisms 
may be important since the aqueous solubility of the 
hydrochloride salt is more than 100 mg/ml at pH 6 
but is only 3 mg/ml a t  physiological pH (-7.4), thus 
supporting the precipitation hypothesis. 


Additionally, chndamycin free base has a partition 
coefficient of 1.85, which should favor passage of this 
species through a lipoidal barrier or membrane. A t  
physiological pH, the free base form (pKa = 7.6) 
would be present at  about one-half of the injected 
dose, lending credibility to the cell partitioning hy- 
pothesis. 


The synthesis (398) and subsequent intramuscular 
testing (399) of clindamycin phosphate indicated 
that this reversible derivative of clindamycin was vir- 
tually devoid of the irritation exhibited by the parent 
antibiotic. There were no signs of local intolerance, 
and intravenous infusions of the ester produced no 
superficial thrombophlebitis or irritation. The phos- 
phate ester is intrinsically inactive against bacteria 
but is rapidly hydrolyzed to clindamycin in uiuo. 
Other studies designed to characterize the intramus- 
cular absorption, distribution, and excretion of this 
derivative indicated excellent bioavailability of the 
derivative from the injection site as the parent anti- 
biotic (173). 


Figure 4 illustrates the findings of a multiple-dose 
study utilizing clindamycin and the 2-phosphate 
ester. The lower curve represents clindamycin, and 
the upper. curve represents both clindamycin and 
clindamycin 2-phosphate. It can be seen that ester 
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Figure 15-Serum concentration (micrograms per milliliter) 
of clindamycin after 600 mg iv (A) and 600 mg im (0) 
clindamycin phosphate in the same subject. (Adapted, with 
permission, from Ref. 173.) 
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Table XI"-Aspirin and Carbonate Esters of Salicylic Acid: Solubilities, 
Partition Coefficients, and Hydrolysis Rates 


II 
0 


Half-Lives for Hydrolysis, 37' Cvclo- 
Phosphate Buffer Enzyme in Phosphate Buffer (pH 7.4,O.l M ) c  


fn i n m  - 
Solubilities, h&n1+0-1 
mg/ml, 37' N HC1 


Partitinn 
0.1 N Cvclo- 


[".I 111, - -- 1-1---- 0.05% Human 0.05% 
. Coefficient, pH 7.4, pH 12, 2% Human Pseudocholin- a-Chymo- 


R HClb h&ne 25" hr min Plasma, hr esterase, hr trypsin, hr 


Ethyl 
n-Butyl 
n-Hexvl 


6.7 1 . 1  0.17 41 3.8 13.3 (3.1) 7 . 4  (5.5) 53 (-) 
2.8 2.7 1 .0  29 4.5 11.7 (2.5) 1.23 (24) 1.38 (21) 
0.28 5 .6  20 15 4.8 8.2 (1.8) 1.33 (11) 0.25 (58) 


Trichloroethvl 1.1 0.24 0.22 0.53 1 . 1  0.35 (1.5) . .  


6.3 (1.6) Aspirin 5.3 0.06 0.05 10 1.5 21 (-1 3.3 (3) 


0 Adapted, with permission, from Ref. 276. * The 0.1 N HCI was used in these experiments to assure that the compounds were completely unionized in the 
aqueous phases and to reduce the degree of hydrolysis in the aqueous phase during equilibration. C The numbers in parentheses are t 1 / 2  buffer (PH 7.4)/t1/2 
enzyme ratios, which represent the degree of enzymatic catalysis. 


hydrolysis was virtually complete at the 4-hr sam- 
pling time. 


A more precise characterization of serum concen- 
tration-time profiles of the ester was determined by 
dosing intramuscularly and intravenously (Fig. 15). 
Ester hydrolysis occurred more rapidly with intrave- 
nous administration, and intramuscular administra- 
tion showed both slower absorption and decreased 
peak concentration of the parent antibiotic. The im- 
plications concerning the route of administration for 
such a reversible derivative are important in life- 
threatening infections, the intravenous route being 
indicated. 


Few studies are available in which pharmacokinet- 
ic principles have been applied to  reversible drug de- 
rivatives designed for injectable purposes. Again, the 
studies on clindamycin phosphate are illustrative 
(173). A four-compartment model was used to  ex- 
plain much of the data generated in the study 
(Scheme VII). The data show that clindamycin phos- 
phate is rapidly hydrolyzed in serum and that the 
parent drug is widely distributed after both intrave- 
nous and intramuscular administration. Equilibrium 
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Scheme VII-Four-compartment pharmacokinetic model for 
clindamycin phosphate. (Adapted, with permission, from Ref. 


173.) 


is reached after the third dose in a multiple-dose reg- 
imen, and serum levels of clindamycin are readily 
predictible. 


GI Disturbances-It has long been known that a 
variety of drugs can cause a wide spectrum of GI dis- 
turbances, ranging from mild gastritis to severe ulcer- 
ation (401404). How these phenomena occur is still 
a matter of speculation, but several modes of action 
have been postulated: 


1. Injury to gastric mucosa through direct contact 
of drug to produce a localized irritating necrotizing 
effect. 


2. Damage due to circulating drug that stimulates 
increased gastric secretion. [It has been shown, how- 
ever, that this mechanism is nonoperative for aspirin 
in human subjects and animals and, in fact, may 
lower gastric secretory activity (405, 406), but it may 
be operative for other gastroirritant drugs.] 


3. Interference with the mechanism(s) responsible 
for maintaining the integrity of the GI mucous or 
"mucous barrier." 


This barrier, consisting of glycoprotein, is relative- 
ly resistant to proteolytic enzyme activity and acts as 
a protective boundary to underlying epithelial tissue. 


Table XIIa-Toxicity, Gastric Irritability, and Potency 
of Salicylic Acid Hexylcarbonate and Acetylsalicylic 
Acid (Aspirin) 


~~ ~ 


Salicylic 
Acid Hexyl- 
carbonate 


Acetyl- 
salicylic 


Acid 


LDs0 in miceb 10.1 
LDso in ratsb 13 .O 
Incidence of gastric 


erosions in rats 
with eauimolar 


0 


doses, k 
Incidence of gastric 0 


irritation in dogs 
with equimolar 
doses, % 


Antipyretic activity 
Analgesic activity 
Anti-inflammatory 


activity 


7 .O 
7.6 


90 


100 


Equal potency 
Equal potency 
Equal potency 


a Data from Ref. 277. b Average acute oral toxicity in moles/kg X 10 -3.  
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Table XIII-Reversible Drug  Derivatives Utilized as Modifiers of G I  Irritability 


Reversible Modification 
Parent Molecule or Linkage Property Modified Reference 


Salicylic acid Carbonate ester Gastric irritation a n d  hemorrhage 276, 277 
Aspirin (acetylsalicylic acid) 4-Acetamidophenyl ester G I  blood loss 233 
Aspirin (acetylsalicylic acid) Alkyl ester G I  irritation 417 


Cyano ester 
Aspirin (acetylsalicylic acid) Carbonate anhydride ester G I  bleeding 
Nicotinic acid Hvdrazide G I  irritation 


356 
409 


H5droxamic acid 
N-Arylanthranilic acid Glyceryl ester G I  ulceration 388 
21-Hydroxysteroid Phosphate and  sulfate ester Gastric hemorrhage 418 
Oleandrin Acetate ester G I  irritation 415, 416 
Gitoxin Pentaacetate ester G I  irritation 414 
Prostaglandin Ethyl  ester Diarrhea 413 
4,4‘-Dihydroxydiphenyl- Alkyl ester Gastric irritation 411, 412 


Trichloroethanol Carbonate ester Stomach irritation, nausea, vomiting 16 
Phosphate ester 410 
4-Acetamidophenyl ester 17 


(2-pyridyl) methane Sulfate ester 


The systemic administration of cortisone and aspirin 
alters the composition of this barrier in a way that 
decreases its protective ability (407, 408). This may 
be due to cellular injury resulting in decreased mu- 
cous production and increased ionic flux. 


A study of the absorptive properties of a series of 
organic acids, including acetylsalicylic acid (aspirin), 
through the mucosal barrier found increased fluxes of 
hydrogen, chloride, sodium, and potassium ions after 
administration of these acids; these increases persist- 
ed after removal of the compounds (402). Evidence of 
bleeding was also apparent. Diffusion of acetic acid, 
which is unionized a t  gastric pH, through the gastric 
barrier proceeded more rapidly than diffusion of hy- 
drochloric acid (ionized), implying that unionized hy- 
drophobic molecules are more readily and efficiently 
absorbed. 


In an effort to eliminate gastric irritation produced 
by salicylic acid, a series of hydrophobic carbonate 
esters of this important analgesic was prepared (276). 
The rationale for utilizing carbonate esters of this 
drug lies in the fact that they are readily hydrolyzed 
in uivo and might possess hydrophobic properties 
adequate to allow absorption and distribution over a 
greater area of the GI tract, thus reducing localized 
irritation. Several esters were synthesized and char- 
acterized according to their physicochemical proper- 
ties (Table XI). 


Based on partitioning studies and relative ease of 
hydrolysis (half-life) in pH 7.4 buffer and enzyme 
media, the hexylcarbonate ester of salicylic acid was 
chosen for further study. Blood level studies in dogs 
indicated that this ester was absorbed more slowly 
than acetylsalicylic acid and the other carbonate es- 
ters. After 2 hr, however, the plasma concentration- 
time profiles did not differ for any of the esters. A 
comparison of the LD50 values, gastric irritability, 
and bioactivity of salicylic acid hexylcarbonate uer- 
sus acetylsalicylic acid (aspirin) in animals indicated 
significant differences in toxicity between these drug 
derivatives (277) (Table XII). 


This study (276) stressed to the medicinal chemist 
the importance of performing selected physicochemi- 
cal studies (e.g., solubility and partitioning) and in 


uitro tests (half-lives in a variety of buffers and en- 
zyme-rich milieu) to evaluate initially a series of re- 
versible derivatives based on a preliminary rationale 
for making such derivatives. It is obvious that when 
such studies are performed, the choice of primary 
and backup candidates for further testing becomes 
less difficult. 


Other experiments have been designed and carried 
out with the foregoing rationale as their basis, and 
the results of several of these studies are summarized 
in Table XIII. 


REFERENCES 


(1) L. C. Schroeter, “Ingredient X,” Pergamon Press, Elms- 


(2) S. A. Kaplan,Drug Metab. Reu., t, 15(1972). 
(3) S. S. Davis, Brit. Med. J., 1,102(1972). 
(4) J. W. Poole, Semin. Drug Treat., 1,148(1971). 
(5) K. Munzel, Pharm. Acta Helv., 46,513(1971). 
(6) J. Sjogren, Acta Pharmacol. Toricol., 29,68(1971). 
(7) E. R. Garrett, ibid., 29, l(1971). 
( 8 )  L. Z. Benet, in “Drug Design,” vol. 4, E. J. Ariens, Ed., Ac- 


(9) A. Cammarata, Annu. Rep. Med. Chem., 1970,256(1971). 
(10) A. A. Sinkula, W. Morozowich, C. Lewis, and F. A. Mac- 


(11) W. Morozowich, A. A. Sinkula, F. A. MacKellar, and C. 


(12) A. A. Sinkula and C. Lewis, ibid., 62,1757(1973). 
(13) A. A. Sinkula, W. Morozowich, and E. L. Rowe, ibid., 62. 


1106(1973). 
(14) A. A. Sinkula, ibid. ,  63,842(1974). 
(15) J. V. Swintosky, H. J. Adams, H. C. Caldwell, L. W. Dit- 


(16) H. C. Caldwell, H. J. Adams, D. E. Rivard. and J. V. Swin- 


ford, N.Y., 1969. 


ademic, New York, N.Y., 1973, p. 1. 


Kellar, J. Pharm. Sci., 58,1389(1969). 


Lewis, ibid., 62,1102(1973). 


tert, T. Ellison, and D. E. Rivard, ibid., 55,992(1966). 


tosky, ibid., 56,920(1967). 
117) J. V. Swintoskv. H. C. Caldwell. C. W. Chone. G. M. Irwin. 


yl 


and‘L.’W. Dittert, ibid.: ‘57,752(1968). ’ 
(18) L. W. Dittert, H. C. Caldwell, H. J. Adams, G. M. Irwin, 


and J. V. Swintosky, ibid., 57,774(1968). 
(19) L. W. Dittert, G. M. Irwin, C. W. Chong, and J. V. Swin- 


tosky, ibid., 57,780(1968). 
(20) E. S. Rattie, E. G. Shami, L. W. Dittert, and J. V. Swin- 


tosky, ibid., 59, 1738(1970). 
(21) H. Takechi, T. Higuchi, and I. H. Pitman, “Abstracts of 


Papers,” APhA Academy of Pharmaceutical Sciences, Houston, 
Tex. meeting, Apr. 1972, p. 64. 


(22) V. Stella and T. Higuchi, ibid., p. 76. 
(23) N. J. Harper, J. Med. Pharm. Chem., 1,467(1959). 
(24) N. J. Harper, Progr. Drug Res., 4,221(1962). 


Vol. 64, No. 2, February 1975 / 205 







(25) N. J. Harper, in “Absorption and Distribution of Drugs,” 
T. B. Binns, Ed., Williams & Wilkins, Baltimore, Md., 1964, p. 103. 


(26) E. J. Ariens, Progr. Drug Res., 10.429(1966). 
(27) E. J. Ariens, Farmaco, Ed. Sci., 24,3(1969). 
(28) E. J. Ariens, “Drug Design,” Academic, New York, N.Y., 


(29) R. E. Notari, J. Pharm. Sci., 62,865(1973). See p. 875 for 


(30) V. J. Stella, Aust. J.  Pharm. Sci., NS2,57(1973). 
(31) H. Bundgaard, Dan. Tidsskr. Farm., 45,73(1971). 
(32) C. Runti, Farmaco, Ed. Prat., 28,451(1973). 
(33) S. M. Kupchan, A. F. Casy, and J. V. Swintosky, J. 


(34) A. Albert, “Selective Toxicity,” 2nd ed., Wiley, New York, 


(35) A. Albert, “Selective Toxicity,” 3rd ed., Wiley, New York, 


(36) A. Leo, C. Hansch, and D. Elkins, Chem. Reu., 71, 


(37) C. A. M. Hogben, D. J. Tocco, B. B. Brodie, and L. S. 


(38) L. S. Schanker, in “Drugs and Membranes,” vol. V, C. A. 


(39) C. Hansch, A. R. Steward, J. Iwasa, and E. N. Deutsch, 


(40) T. Fujita, J. Iwasa, and C. Hansch, J. Amer. Chem. Soc., 


(41) J. Ferguson and H. Pirie, Ann. Appl. Biol., 35,532(1948). 
(42) R. Zahradnik, Arch. Znt. Pharmacodyn. Ther., 135, 


(43) K. H. Meyer and H. Hemmi, Biochem. Z., 277,39(1935). 
(44) J. C. McGowen, J. Appl. Chem., 1,1205(1951). 
(45) G. L. Flynn and S. H. Yalkowsky, J .  Pharm. Sci., 61, 


(46) S. H. Yalkowsky and G. L. Flynn, ibid., 62,210(1973). 
(47) R. Collander, Acta Chem. Scand., 3,717(1949). 
(48) R. J. Scheuplein and J. H. Blank, Physiol. Reu., 51, 


(49) C. Hansch, Accounts Chem. Res., 2,232(1969). 
(50) C. Hansch and J. M. Clayton, J. Pharm. Sci., 62,1(1973). 
(51) J. G. Wagner and A. J. Sedman, J. Pharmacokinet. Bio- 


(52) S. H. Yalkowsky, T. G. Slunick, and G. L. Flynn, J .  


(53) K. R. M. Vora, W. I. Higuchi, and N. F. H. Ho, ibid., 61, 


(54) B. J. Zwolinski, H. Eyring, and C. E. Reese, J. Phys. 


(55) G. L. Amidon, S. H. Yalkowsky, and S. Leung, J. Pharm. 


(56) R. B. Hermann, J .  Phys. Chem., 76,2754(1972). 
(57) C. Hansch, J. E. Quinlan, and G. L. Lawrence, J .  Org. 


(58) F. Irmann, Chem. Zng. Tech., 37,789(1965). 
(59) G. J. Pierotti, C. H. Deal, and E. L. Derr, Ind. Eng. 


(60) H. Rosen, A. Leaf, and W. B. Schwartz, J. Gen. Physiol., 


(61) W. L. Hayton and G. Levy, J. Pharm. Sci., 61,362(1972). 
(62) R. J.  C. Barry, M. J. Jackson, and D. H. Smyth, J. Phys- 


iol. (London), 182,150(1966). 
(63) M. L. Bender, “Mechanisms of Homogeneous Catalysis 


from Protons to Proteins,” Wiley-Interscience, New York, N.Y., 
1971. 


(64) W. P. Jencks, “Catalysis in Chemistry and Enzymology,” 
McGraw-Hill, New York, N.Y., 1969. 


(65) R. Siegert and W. Vomel, Arzneim.-Forsch., 6,714(1956). 
(66) R. R. Scheline, Proc. Eur. SOC. Study Drug Tonicity, 13, 


(67) R. T. Williams, Toxicol. Appl. Pharmacol., 23,769(1972). 
(68) P. Goldman, N.  Engl. J. Med., 289,623(1973). 
(69) H. Schroeder, R. M. Lewkonia, and D. A. Price Evans, 


(70) R. R. Scheline, Pharmacol. Rev., 25,451(1973). 
(71) W. N. Aldridge, Biochem. J., 53. llO(1953). 
(72) K. B. Augustinsson, Ann. N.Y. Acad. Sci., 94,844(1961). 
(73) F. Margolis and P. Feigelson, J. Biol. Chem., 238, 


1971, p. 1. 


treatment of reversible derivatives. 


Pharm. Sci., 54,514(1965). 


N.Y., 1960, p. 30. 


N.Y., 1964, p. 57. 


525(1971). 


Schanker, J. Pharmacol. Exp. Ther., 125,275(1959). 


M. Hogben, Ed., Macmillan, New York, N.Y., 1963, p. 121. 


Mol. Pharmacol., 1,205(1965). 


86,5175(1964). 


31 1 (1962). 


838( 1972). 


702(1971). 


pharm., 1,23(1973). 


Pharm. Sci., 63,691(1974). 


1785( 1972). 


Chem., 53, i426(1949). 


sci . ,  63, 1858(1974). 


Chem., 33,347(1968). 


Chem., 51,95(1959). 


48,379(1964). 


35(1972), and references cited therein. 


Clin. Pharmacol. Ther., 14,802(1973). 


2620( 1963). 


9,97(1968). 


745(1963). 


Ed., Academic, New York, N.Y., 1971, p. 43. 


575( 1968). 


3347( 1966). 


sey, E. C. Webb, and B. Zerner, Biochemistry, 8,2026(1969). 


375( 1940). 


well, and G. V. Vahouny, ibid., 244,1937(1969). 


(74) W. Pilz, E. Stelzell, and I. Johann, Enzymol. Biol. Clin., 


(75) I. Dawson and J. Pryse-Davies, Gastroenterology, 44, 


(76) K. Krisch, in “The Enzymes,” 3rd ed., vol. 5, P. D. Boyer, 


(77) W. Franz and K. Krisch, Z. Physiol. Chem., 349, 


(78) T. A. Krenitsky and J. S. Fruton, J. Biol. Chem., 241, 


(79) J. K. Stoops, D. J. Horgan, M. T. C. Runnegar, J. de Jer- 


(80) G. A. Alles and R. C. Hawes, J. B i d .  Chem., 133, 


(81) J. Hyun, H. Kothari, E. Herm, J. Mortenson, C. R. Tread- 


(82) J. A. Olson, Pharmacol. Reu., 19,559(1967). 
(83) L. Sarda and P. Desnuelle, Biochim. Biophys. Acta, 30, 


(84) B. Entressangles and P. Desnuelle, ibid., 159,285(1968). 
(85) M. Semeriva and C. Dufour, ibid., 260,393(1972). 
(86) E. L. Rowe, “Abstracts of Papers,” APhA Academy of 


Pharmaceutical Sciences, San Francisco, Calif., meeting, Mar. 
1971, p. 62. 


(87) F. H. Mattson and R. A, Volpenhiem, J. Lipid Res., 7, 
536(1966). 


(88) R. G. H. Morgan, J. Barrowman, M. Filipek-Wender, and 
B. Borgstrom, Biochim. Biophys. Acta, 146,314(1967). 


(89) R. G. H. Morgan, J. Barrowman, and B. Borgstrom, ibid., 
175,65(1969). 


(90) C. Erlanson and B. Borgstrom, ibid., 167.629(1968). 
(91) J. R. Senior and K. J. Isselbacher, Biochem. Biophys. Res. 


(92) H. Greten, R. I. Levy, and D. S. Fredrickson, Circulation, 


513( 1958). 


Commun., 6,274(1961). 


38,8(1968). 
(93) M. Cohen. R. G. H. Morean. and A. F. Hoffman. Fed. 


I .  


ProC., 27,574(1968). 
(94) S. B. Clark and P. R. Holt, ibid., 27,331(1968). 
(95) F. Schoenheyder and K. Volgvartz, Acta Physiol. Scand., 


(96) D. S. Robinson and J. E. French, Quart. J. Enp. Physiol., 


(97) R. J. Havel, Amer. J.  Clin. Nutr., 6,662(1958). 
(98) S. Mahadevan and A. L. Tappel, J. Biol. Chem., 243, 


2849(1968). 
(99) W. Guder, L. Weiss, and 0. Wieland, Biochim. Biophys. 


Acta, 187,173(1969). 
(100) K. Hayase and A. L. Tappel, J. Biol. Chem., 245, 


169(1970). 
(101) Y. Biale, E. Gorin, and E. Shafrir, Biochim. Biophys. 


Acta, 152,28(1968). 
(102) P. Desnuelle, in “The Enzymes,” 3rd ed., vol. 7, P. D. 


Boyer, Ed., Academic, New York, N.Y., 1972, p. 575. 
(103) P. Desnuelle, in “Handbook of Physiology,” vol. 5, sect. 


6, C. F. Code, Ed., Williams & Wilkins, Baltimore, Md., 1968, p. 
2629. 


(104) H. Newey and D. H. Smyth, J. Physiol. (London), 152, 
367( 1960). 


(105) N. M. Green and H. Neurath, in “The Proteins,” vol. 2, H. 
Neurath and K. Bailey, Eds., Academic, New York, N.Y., 1954, p. 
1057. 


(106) J. E. Folk and E. W. Schirmer, J. Biol. Chem., 240, 
181( 1965). 


(107) H. Neurath and G. W. Schwert, Chem. Reu., 46.69(1950). 
(108) J. E. Folk, J. Amer. Chem. Soc., 78.3541(1956). 
(109) J. E. Folk and J. A. Gladner, J.  Biol. Chem., 231, 


(110) S. Bien and 0. M. Friedman, Chem. Znd. (London), 1962, 


(111) I. C. Geddes, Acta Anaesthesiol. Scand. Suppl. XVI, 


(112) B. Akerman, A. Astrom, S. Ross, and A. Telc, Acta Phar- 


(113) S. B. A. Akerman, S. B. Ross, and A. Telc, ibid., 32, 


(114) E. Brandl, Sci. Pharm., 40, l(1972). 


11,349(1946). 


42,151(1957). 


379( 1958). 


2062. 


1965,37. 


macol. Tonicol., 24,389(1966). 


88( 1973). 


206 /Journal of Pharmaceutical Sciences 







(115) Z. B. Papanastassiou and T. J. Bardos, J. Med. Pharm. 
Chem., 5,1000( 1962), and references cited therein. 


(116) P. J. Keller, in “Handbook of Physiology,” vol. 5, sect. 6, 
C. F. Code, Ed., Williams & Wilkins, Baltimore, Md., 1968, p. 2605. 


(117) J. B. Rhodes, in ibid., p. 2589. 
(118) “The Enzymes,” 3rd ed., vol. 3, P. D. Boyer, Ed., Academ- 


(119) P. Grosser and J. Husleq Biochem. Z., 39,1(1912). 
(120) R. Robison, Biochem. J., 17,286(1923). 
(121) R. Robison and K. M. Soames, ibid., 18,740(1924). 
(122) M. Martland and R. Robison, ibid., 20,847(1926). 
(123) 0. Meyerhof and H. Green, J. Biol. Chem., 183, 


(124) D. L. Engstrom, Biochim. Biophys. Acta, 52,36(1961). 
(125) D. R. Harkness, Arch. Biochem. Biophys., 126,503(1968). 
(126) A. Asakawa, J. Biochem. (Tokyo), 10,157(1928). 
(127) Ibid., 11,143( 1929). 
(128) M. Ichihara, J. Biochem. (Tokyo), 18,87(1933). 
(129) M. Martland and R. Robison, Biochem. J., 18,765(1924). 
(130) M. A. M. Abul-Fad1 and E. J. King, ibid., 45,51(1949). 
(131) W. H. Fishman and H. M. Davidson, Methods Biochem. 


(132) W. Kutscher and H. Wolberg, 2. Physiol. Chem., 236, 


(133) W. Kutscher and J. Pany, ibid., 255,169(1928). 
(134) G. Siebert, G. Jung, and K. Lang, Biochem. Z., 326, 


(135) E. Bamann and K. Diederichs, Chem. Ber., 67, 


(136) A. Chersi, A. Bernardi, and G. Bernardi, Biochim. Bio- 


(137) E. Bamann and K. Diederichs, Chem. Ber., 68,6(1935). 
(138) M. A. Bukhari, J. L. Everett, and W. C. J. Ross, Biochem. 


(139) C. R. Ball, J. A. Double, and J. Goodban, Brit. J. Cancer, 


(140) H. N. Fernley, in “The Enzymes,” 3rd ed., vol. 4, P. D. 


(141) V. P. Hollander, in ibid., p. 499. 
(142) F. Schapira, Aduan. Cancer Res., 18,77(1973). 
(143) H. Baum, K. S. Dodgson, and B. Spencer, Biochem. J., 69, 


(144) H. Baum and K. S. Dodgson, ibid., 69,573(1958). 
(145) W. Bleszynski and A. Leznicki, Enzymologia, 33, 


373(1967). 
(146) W. Bleszynski, A. Leznicki, and J. Lewosz, ibid., 37, 


314(1969). 
(147) H. Fex, K. E. Lundvall, and A. Olsson, Acta Chem. 


Scand., 22,254(1968). 
(148) C. Linder and J. Fishman, J. Med. Chem., 16,553(1973). 
(149) R. B. Billiar and K. B. Eik-Nes, Anal. Biochem., 13, 


11 (1965). 
(150) Chinoin GVTG, West German pat. 2,242,792 (Apr. 12, 


1973). 
(151) G. D. Gray, F. R. Nichol, M. M. Mickelson, C. W. Camien- 


er, D. T. Gish, R. C. Kelly, W. J. Wechter, T. E. Moxley, and G. L. 
Neil, Biochem. Pharmacol., 21. 465(1972), and references cited 
therein. 


ic, New York, N.Y., 1971. 


377(1950). 


Anal., 4, 257(1957). 


237( 1935). 


464(1955). 


2019(1934). 


phys. Acta, 129,12(1966). 


Pharmacol., 21,963(1972). 


78,81(1973). 


Boyer, Ed., Academic, New York, N.Y., 1971, p. 417. 


567( 1958). 


(152) A. D. Little Inc., U.S. pat. 3,728,360 (Apr. 17, 1973). 
(153) J. A. Durden, A. A. Sousa, and J. F. Stephen, “Abstract of 


Papers,” American Chemical Society, 165th meeting, PES 31, 
1973. 


(154) D. J. Johns, D. Farquhar, M. K. Wolpert, B. A. Chabner, 
and T. L. Loo, Drug Metab. Dispos., 1,580(1973). 


(155) U. Schaeppi, I. A. Heyman, R. W. Fleischman, H. Rosen- 
krantz, V. Ilievski, R. Phelan, D. A. Cooney, and R. D. Davis, Can- 
cer Chemother. Rep., 4, Part 3,85(1973). 


(156) K. C. Tsou, K. Hoegerle, and H. C. F. Su, J. Med. Chern., 
6,435(1963). 


(157) M. M. Nachlas and A. M. Seligman, J. B i d .  Chem., 181, 
343( 1949). 


(158) A. K. Balls and M. B. Matlack, ibid., 123,679(1938). 
(159) A. M. Seligman and M. M. Nachlas, J. Clin. Inuest., 29, 


31( 1950). 
(160) J. A. Montgomery, T. P. Johnston, and Y. F. Shealy, in 


“Medicinal Chemistry,” 3rd ed., A. Burger, Ed., Wiley-Inter- 
science, New York, N.Y., 1970, p. 690. 


(161) K. B. Augustinsson and D. Nachmansohn, Science, 110, 


(162) A. M. Morgan and E. B. Truitt, J. Pharm. Sci., 54, 


(163) A. M. Seligman, M. M. Nachlas, L. H. Manheimer, 0. M. 


(164) H. L. Herzog, L. Weber, and E. L. Shapiro, U. S. pat. 


(165) K. C. Tsou and A. Seligman, J. Amer. Chem. Soc., 76, 


(166) H. A. Ravin, K. C. Tsou, and A. M. Seligman, J. Biol. 


(167) G. Wolf and A. M. Seligman, J. Arner. Chem. Soc., 73, 


(168) H. A. Ravin and A. M. Selinman. J. B i d .  Chem.. 190. 


98(1949). 


1640( 1965). 


Friedman, and G. Wolf, Ann. Surg., 130,333(1949). 


3,740,316 (June 19,1973). 


3704(1954). 


Chem., 191,843(1951). 


2080( 1951). 
- .  


391(1951). 
(169) A. J. Glazko. H. E. Carnes. A. Kazenko. L. M. Wolf. and 


T. F. Reutner, Antibibt. Annu., 1957-1958,792. 


396( 1968). 
(170) V. Botte and S. S. Koide, Biochim. Biophys. Acta, 152, 


(171) V. Botte and S. S. Koide, Endocrinology, 82,1062(1968). 
(172) E. M. Sellers, M. L. Lang, S. D. Cooper, and J. Kocb- 


(173) R. M. DeHaan, C. M. Metzler, D. Schellenberg, and W. D. 


(174) D. L. DiPietro, J.  Biol. Chem., 243,1303(1968). 
(175) W. Morozowich, D. J. Lamb, H. A. Karnes, F. A. MacKel- 


lar, C. Lewis, K. F. Stern, and E. L. Rowe, J. Pharm. Sci., 58, 
1485( 1969). 


(176) “Biology Data Book,” P. A. Altman and D. S. Dittmer, 
Eds., Federation of American Societies for Experimental Biology. 
Washington, D.C., 1964, p. 279. 


(177) J. C. Warren and A. P. French, J. Clin. Endocrinol. 
Metab., 25,278(1965). 


(178) E. Mehl and H. Jatzkewitz, Biochim. Biophys. Acta, 151, 
619(1968), and references cited therein. 


(179) K. S. Dodgson and C. H. Wynn, Biochem. J., 68, 
387 ( 1958). 


(180) K. S. Dodgson and B. Spencer, ibid., 53,444(1953). 
(181) M. 0. Pulkinnen and I. Paunio, Ann. Med. Exp. B i d .  


Fenn., 41, 283(1963); through “Metabolic Conjugation and Meta- 
bolic Hydrolysis,” vol. I, W. H. Fishman, Ed., Academic, New 
York, N.Y., p. 267. 


(182) M. Levitz and J. Katz, J. Clin. Endocrinol. Metab., 28, 
862( 1968). 


(183) K. D. Roberta, R. L. Vande Wiele, and S. Lieberman, J .  
Biol. Chem., 236,2213(1961). 


(184) M. 0. Pulkinnen, Acta Physiol. Scand. Suppl., 180. 
961961). 


(185) J. C. Warren and C. E. Timberlake, J. Clin. Endocrinol. 
Metab., 22,1148(1962). 


(186) J. R. Pasqualini, L. Cedard, B. L. Nguyen, and E. Alsatt, 
Biochim. Biophys. Acta, 139,177(1967). 


(187) J. P. Greenstein, “Biochemistry of Cancer,” Academic, 
New York, N.Y., 1954, p. 379. 


(188) J. A. Goldbarg and A. M. Rutenburg, Cancer, 1 1 ,  
283(1958). 


(189) M. S. Burstone, J. Nut. Cancer Inst., 16,1149(1956). 
(190) S .  Hosoda, S. Takase, K. Yoshida, and J. Tohoku, J. Exp 


Med., 73,86(1960). 
(191) K. C. Tsou, S. B. Damle, R. W. Crichlow, R. G. Ravdin, 


and H. W. Blunt, J. Pharm. Sci., 56,484(1967). 
(192) M. A. Kaplan, W. T. Bradner, F. H. Buckwalter, and M. 


H. Pindell, Nature (London), 205,399(1965). 
(193) P. H. Jones, J. H. Biel, C. W. Ours, L. Klundt, and R. L. 


Lenga, “Abstracts of Papers,” American Chemical Society, 165th 
Meeting, MEDI 9,1973. 


Weser, Clin. Pharmacol. Ther., 14,147(1973). 


Vandenbosch, J. Clin. Pharmacol., 13,190(1973). 


(194) W. C. J. Ross and J. G. Wilson, J. Chem. Soc., 1956,3616. 
(195) R. Jones, Jr., W. B. Kessler, H. E. Lessner, and L. Rane, 


(196) 0. Warburg, Chem. Ber.. 38,187(1905). 
(197) J. E. Folk and J. A. Gladner, Biochirn. Biophys. Acta, 33, 


(198) E. Wintersberger, D. J. Cox, and H. Neurath, Biochemis- 


(199) A. Bukhari, J. Nut. Cancer Inst . ,  50,243(1973). 
(200) W. C. J. Ross and G. P. Warwick, J. Chern. Soc., 1956, 


Cancer Chemother. Rep., 10,99( 1960). 


570( 1959). 


try, 1,1069(1962). 


Vol. 64, No. 2, February 1975 1207 







1364. 


Biochem. Pharmacol., 11,674(1962). 
(201) Y. F. Shealy, J. A. Montgomery, and W. R. Laster, Jr., 


(202) A. T. Fuller, Lancet, 1,194(1937). 
(203) V. Hamon, Ann. Chim. (Paris), 2,233(1947). 
(204) J. L. Everett and W. C. J. Ross, J. Chem. SOC., 1972,1949. 
(205) W. C. J. Ross, “Biological Alkylating Agents,” Butter- 


(206) R. J. Yu and E. J. vanScott, Proc. Amer. Ass. Cancer Hes., 


(207) A. J. Verbiscar, US. pat. 3,742,022 (June 26,1973). 
(208) 0. M. Friedman, E. Boger, V. Grubliauskas, and H. Som- 


(209) C. L. Maddock, A. H. Handler, 0. M. Friedman, G. E. 


(210) 0. M. Friedman, ibid., 51,327(1967). 
(211) K. Sugiura, F. Schmid,‘and M. Schmid, Proc. Amer. Ass. 


(212) N. Brock, Cancer Chemother. Rep., 51,315(1967). 
(213) M. Lant ibid., 51,359(1967). 
(214) G. E. Foley, 0. M. Friedman, and B. P. Drolet, Cancer 


(215) N. Brock and H.-J. Hohorst, Cancer (Philadelphia), 20, 


(216) 0. M. Friedman, Cancer Chemother. Rep., 51,347(1967). 
(217) J. T. Hill and C. C. Irving, Biochemistry, 6,3816(1967). 
(218) J. T. Hill, Ph.D. thesis, University of Tennessee, Mem- 


phis, Tenn., 1968. 
(219) H. Ide, S. Green, K. Kato, and W. H. Fishman, Biochem. 


J., 106,431(1968). 
(220) G. A. Lewy and J. Conchie, in “Glucuronic Acid: Free and 


Combined. Chemistry, Biochemistry, Pharmacology and Medi- 
cine,” G. J. Dutton, Ed., Academic, New York, N.Y., pp. 301-364. 


(221) A. J. Glazko, W. H. Edgerton, W. A. Dill, and W. R. Lenz, 
Antibiot. Chemother., 2.234(1952). 


(222) S. Roseman and A. Dorfman, J. Biol. Chem., 191, 
607( 1951). 


(223) B. Weissman, G. Rowin, J .  Marshall, and D. Friederici, 
Biochemistry, 6,207(1967). 


(224) J. Conchie, J. Findlay, and G. A. Lewy, Biochem. J., 71, 
3 18( 1959). 


(225) W. von Daehne, E. Frederiksen, E. Gunderson, F. Lund, 
P. MQrch, H. J. Peterson, K. Roholt, L. Tybring, and W. 0. Godt- 
fredsen,J. Med. Chem., 13.607(1970). 


(226) W. von Daehne, W. 0. Godtfredsen, K. Roholt, and L. Ty- 
bring,&timicrob. Ag. Chemother., 1970,431. 


(227) W. E. Magee, S. B. Armour, and 0. V. Miller, Biochim. 
Biophys. Acta, 306,270(1973). 


(228) Godecke AG, West German pat. 2,042,646 (Mar. 2,1972). 
(229) V. Stella and T. Higuchi, J .  Pharm. Sci., 62,962(1973). 
(230) Eisai Co. Ltd., West German pat. 2,242,781 (Mar. 8,1973). 
(231) Arakawa Chotaro Gomei Kaisha, Japanese pat. 7,303,363 


(232) J .  Klosa, West German pat. 2,134,672 (Jan. 25,1973). 
(233) D. N. Croft, J. H. P. Cuddigan, and C. Sweetland, Brit. 


(234) G. Linari, Armeim.-Forsch., 22,1419(1972). 
(235 B.-Z. Weiner and A. Zilkha, J. Med. Chem., 16,573(1973). 
(2363 M. G. White and M. J .  Asch, N .  Engl. J. Med., 284, 


(237) W. D. Celmer. Antibiot. Annu.. 1958-1959.277. 
(238) V. C. Stephens, J. W. Conine, and H. W. Murphy, J. 


Amer. Pharm. Ass., Sci. Ed., 48, 620(1959), and references cited 
therein. 


(239) S. M. Bell, Med. J. Aust., 2,1280(1971). 
(240) A. A. Forist, R. M. DeHaan, and C. M. Metzler, J. Phar- 


(241) R. E. Kauffman, D. W. Shoeman, and S. H. Wan, Clin. 


(242) K. Butler and E. S. Hamanaka, US. pat. 3,681,342 (Aug. 


(243) E. K. Frederiksen and W. 0. Godtfredsen, US.  pat. 


(244) A. B. A. Jensen and T. J. Russell, J. Chem. Soc., 1965, 


(245) E. Hansson, L. Magni, and S. Wahlqvist, Antimicrob. Ag. 


worth, London, England, 1962. 


,14,46(1973). 


mer, J. Med. Chem., 6,50(1963). 


Foley, and S. Farber, Cancer Chemother. Rep., 50,629(1966). 


Cancer Res., 3,271(1961). 


Res., 21,57(1961). 


900(1967). 


(Jan. 30, 1973). 


Med. J. ,  3,545(1972). 


1281 (197 1). 


macokinet. Biopharm., 1,89(1973). 


Pharrnacol. Ther., 13,704(1972). 


1,1972). 


3,719,668 (Mar. 6, 1973). 


2127. 


Chemother., 1967,568. 


(246) C. H. Ramsey, N. 0. Bodin, and E. Hansson, Arrneim.- 
Forsch., 22,1962(1972). 


(247) J. M. Essery and J. R. West, US. pat. 3,654,265 (Apr. 4, 
1972). 


(248) A. R. English, J. A. Retaema, V. A. Ray, and J. E. Lynch, 
Antimicrob. Ag. Chemother., 1,185(1971). 


(249) D. C. Hobbs, ibid., 2, 272(1972). 
(250) E. L. Foltz, J. W. West, I. H. Breslow, and H. Wallick, 


ibid., 1970,442. 
(251) M. C. Jordan, J. B. deMaine, and W. M. M. Kirby, ibid., 


1970,438. 
(252) E. R. Hultberg and B. Backelin, Scand. J. Infect. Dis., 4, 


149( 1972). 
(253) E. K. Frederiksen and W. 0. Godtfredsen, US .  pat. 


3,697,507 (Oct. 10, 1972). 
(254) J. A. Yurchenco, M. W. Hopper, T. D. Vince, and G. H. 


Warren, Chemotherapy, 17,405(1972), and references cited there- 
in. 


(255) W. J. Jusko and G. P. Lewis, J. Pharm. Sci., 62,69(1973). 
(256) W. J. Jusko, G. P. Lewis, and G. W. Schmitt, Clin. Phar- 


(257) J. M. Essery, US.  pat. 3,679,663 (May 25,1972). 
(258) I. Villax, Belgian pat. 774,717 (Feb. 14, 1972). 
(259) Kayaku Antibiotics Research Co. Ltd., Japanese pat. 


(260) Koniklijke Nederlandsche Gist en Spiritusfabriek, French 


(261) Yamanouchi Pharmaceutical Co. Ltd., Japanese pat. 


(262) Yamanouchi Pharmaceutical Co. Ltd., Belgian pat. 


(263) E. R. Squibb and Sons Inc., West German pat. 2,152,745 


(264) Glaxo Labs Ltd., West German pat. 2,223,375 (Nov. 23, 


(265) J. van der Vies, Acta Endocrinol., 49,271(1965). 
(266) C. A. Winter and C. C. Porter, J. Amer. Pharm. Ass., Sci. 


(267) R. Gardi, R. Vitali, G. Falconi, and A. Ercoli, J. Med. 


(268) D. D. Evans and P. J. Palmer, Steroids, 5,441(1965). 
(269) E. Novak, S. Stubbs, and D. J. Chodos, Clin. Pharmacol. 


(270) D. K. Fukushima, M. Matsui, H. L. Bradlow, and L. Hell- 


(271) E. Chang and V. K. Jain, J. Med. Chem., 9.433(1966). 
(272) R. T. Rapala, R. J. Kraay, and K. Gerzon, ibid., 8, 


(273) T. H. Haskell and S. Hanessian, U S .  pat. 3,651,045 (Mar. 


(274) J. C. Melby and M. St. Cyr, Metabolism, 10,75(1961). 
(275) Alza Corp., US.  pat. 3,764,673 (Oct. 9,1973). 
(276) L. W. Dittert, H. C. Caldwell, T. Ellison, G. M. Irwin, D. 


(277) A. Misher, H. J .  Adams, J. J. Fishler, and R. G. Jones, 


(278) W. C. J. Ross, in “Biological Alkylating Agents,” Butter- 


(279) J. F. Danielli, Nature, 170,863(1952). 
(280) V. T. Oliverio and C. G. Zubrod, Annu. Reu. Pharmacol., 


(281) C. Hansch, Cancer Chemother. Rep., 56,433(1972). 
(282) W. J. Waddell, Annu. Reo. Pharmacol., 13.153(1973). 
(283) W. H. Fishman and J. R. Baker, J. Histochem. Cyto- 


(284) W. C. J. Ross, Biochem. Pharmacol., 8,235(1961). 
(285) T. A. Connors, B. C. V. Mitchley, V. M. Rosenoer, and W. 


(286) S. Weinhouse, Aduan. Cancer Res., 3,321(1955). 
(287) Z. B. Papanastassiou, R. J. Bruni, E. White, V, and P. L. 


(288) 0. Warburg, K. Posener, and E. Negelein, Biochem. Z., 


(289) A. H. Khan and W. C. J. Ross, Chem.-Biol. Interactions, 


(290) C. Hansch, N. Smith, R. Engle, and H. Wood, Cancer 


macol. Ther., 14,90(1973). 


7,211,961 (Apr. 14, 1972). 


pat. 2,126,443 (Oct. 6, 1972). 


4,720,187 (Sept. 27, 1972). 


781,659 (July 31, 1972). 


(Apr. 27,1972). 


1972). 


Ed., 46,515(1957). 


Chem., 16,123(1973). 


Ther., 13, 148( 1972). 


man, Steroids, 19,385(1972). 


580( 1965), and references cited therein. 


21,1972). 


E. Rivard, and J. V. Swintosky, J. Pharm. Sci., 57,828(1968). 


ibid., 57,1128(1968). 


worth, London, England, 1962, p. 148. 


5,335(1965). 


chem., 4,570(1956). 


C. J. Ross, ibid., 13,395(1964). 


Levins, J. Med. Chem., 9,725( 1966). 


152,309(1924). 


1,27(1969-70). 


Chemother. Rep., 56,443(1972). 


208 /Journal of Pharmaceutical Sciences 







(291) G. P. Wheeler, B. J: Bowdon, J. A. Grimsley, and H. H. 


7292) R. F. Hudson, G. M. Timmis, and R. D. Marshall, Bio- 


(293) W. J. Jusko, J. Pharmacokinet. Biopharm., 1,175(1973). 
(294) H. Arnold, F. Bourseaux, and N. Brock, Naturwissen- 


(295) N. Brock, Arzneim.-Forsch., 8, l(1958). 
(296) H. E. Skipper and L. H. Schmidt, Cancer Chemother. 


(297) M. Colvin, C. A. Padgett, and C. Fenselau, Cancer Res., 


Lloyd, Cancer Res., 34, 194(1974). 


chem. Pharmacol., 1,48(1958). 


schaften, 45,64(1958). 


Rep., 17, l(1962). 
- 


33,915(1973). 


Res., 14,119(1973). 
(298) M. Colvin and 0. M. Friedman, Proc. Amer. Ass. Cancer 


(299) A. N. Milner and M. P. Sullivan. Cancer C&mother. 
Rep., 51,343(1967). 


(300) K. H. Saunders, “The Aromatic Diazo Compounds and 
Their Technical Applications,” Edward Arnold, London, England, 
1949. 


(301) V. T. DeVita, P. P. Carbone, A. H. Owens, Jr., G- L. Gold, 
M. J. Krant, and J. Edmonson, Cancer Res., 25, 1876(1965), and 
references cited therein. 


(302) J. A. Montgomery, R. James, G. S. McCaleb, and T. P. 
Johnston, J. Med. Chem., 10. 668(1967), and references cited 
therein. 


(303) T. P. Johnston and P. S. Opliger, ibid., 10,675(1967). 
(304) E. Fels, J. Clin. Endocrinol., 4,121(1944). 
(305) D. G. Seay, J. D. Bradshaw, and N. T. Nicol, Cancer Che- 


(306) W. N. Fishbein, P. P. Carbone, E. J. Freireich, D. Misra, 


(307) S. M. Kupchan and A. C. Isenberg, J. Med. Chem., 10, 


(308) S. M. Kupchan and A. F. Casy, ibid., 10.959(1967). 
(309) Fabrica de Medicamente Biofarm., West German pat. 


(310) A. J. Verbiscar and L. G. Abood, J. Med. Chem., 13, 


mother. Rep., 56,89(1972). 


and E. Frei, Clin. Pharmacol. Ther., 5,574(1964). 


960(1967). 


2,231,486 (Feb. 15,1973). 


1176( 1970). 
(311) C. Casagrande and G. Ferrari, Farmaco, Ed. Sci., 28, 


143( 1972). 


Experientia, 25,26(1969). 


Taylor, J.  Med. Chem., 12,810(1969). 


81.3750(1959), and references cited therein. 


(312) C. R. Creveling, J. W. Daly, T. Tokuyama, and B. Witkop, 


(313) M. E. Wall, G. S. Abernethy, Jr., F. I. Carroll, and D. J. 


(314) 0. M. Friedman and R. Chatterji, J. Amer. Chem. SOC., 


(315) F. Bergel and J. A. Stock, J. Chem. Soc., 1954,2409. 
(316) L. F. Larionov, A. S. Khokhlov, E. N. Shkodinskaja, 0. S. 


Vasina, V. I. Troosheikina, and M. A. Novikova, Lancet, 269, 
169(1955). 


(317) A. Bukhari, T. A. Connors, A. M. Gilsenan, W. C. J. Ross, 
M. J. Tisdale, G. P. Warwick, and D. E. V. Wilman, J. Nat.  Cancer 
Znst., 50,243(1973). 


(318) B. Rosenberg, Naturwissenshaften, 60,399(1973). 
(319) M. J. Cleare, Chem. Znd. (London), 1973,921. 
(320) W. A. Ritschel, in “Drug Design,” vol. 4, E. J. Ariens, Ed., 


(321) H. C. Caldwell, A. B. Rednick, G. C. Scott, G. J. Yakatan, 


(322) E. F. Elslager, Z. B. Gavrilis, A. A. Phillips, and D. F. 


(323) E. F. Elslager, A. A. Phillips, and D. F. Worth, ibid., 12, 


(324) D. F. Worth, E. F. Elslager, and A. A. Phillips, ibid., 12, 


(325) E. F. Elslager, D. B. Capps, and D. F. Worth, ibid., 12, 


(326) R. M. Pinder, Progr. Med. Chem., 8,258(1971). 
(327) R. Meier and E. Tschopp, Naunyn-Schmeidebergs Arch. 


Exp. Pathol. Pharmakol., 226.532(1955); through W. A. Ritschel, 
in “Drug Design,” vol. 4, E. J. Ariens, Ed., Academic, New York, 
N.Y., 1973, p. 75. 


(328) K. Miescher, A. Wettstein, and E. Tschopp, Biochem. J., 
30,1977(1936). 


(329) Kutnowskie Zakadv Farmaceutvzine Polfa, French pat. 


Academic, New York, N.Y., 1973, pp. 37,75. 


and D. Ziv, J. Pharm. Sci., 59,1689(1970). 


Worth, J. Med. Chem., 12.357(1969). 


363(1969). 


591( 1969). 


597( 1969). 


1,604,123 (Aug. 20,1971). 
(330) H. A. M. El Shibini, M. Abdel Nasser, and M. M. Motawi, 


Pharmazie, 26,630(1971). 
(331) G. L. Neil, H. H. Buskirk, T. E. Moxley, R. C. Manak, S. 


L. Kuentzel. and B. K. Bhuvan. Biochem. Pharmacol.. 20. . .  - .  
295(1971). 


J. Wechter. J. Med. Chem.. 16.754(1973). 
(332) H. E. Renis, D. T. Gish, B. A. Court, E. E. Edison, and W. 


(.333) K.’Gerzon and D. Kau, ibid., 10,189(1967). 
(334) F. Bottari, M. F. Saettone, and M. F. Serafini, ibid., 11, 


(335) F. M. Berger and R. F. Riley, J. Pharmacol. Exp. Ther., 


(336) Andreu SA, West German pat. 2,237,267 (Feb. 1,1973). 
(337) J. H. Sellstedt and M. Wolf, U.S. pat. 3,692,774 (Sept. 19, 


(338) D. P. Bonner, W. Mechlinski, and C. P. Schaffner, J.  An- 


(339) P. Malek, J. Kolc, M. Herold, and J. Hoffman, Antibiot. 


(340) J. Denham and L. Adamson, Acta Psychiat. Scand., 47, 


(341) A. Villeneuve, A. Pires, A. Jus, R. Lachance, and A. Dro- 


(342) J. B. Thomsen and D. Birkerod, Acta Psychiat. Scand., 


(343) L. Julou, G. Bourat, R. Ducrot, J. Fournel, and C. Garret, 


(344) D. Gould, L. Finckenor, E. B. Hershberg, J. Cassidy, and 


(345) R. Gardi, R. Vitali, G. Falconi, and A. Ercoli, J. Med. 


(346) G. Falconi, F. Galletti, G. Celasco, and R. Gardi, Steroids, 


(347) H. Kuhl and H. D. Taubert, ibid., 22,73(1973). 
(348) American Home Products Corp., U.S. pat. 3,647,784 (Mar. 


(349) G. Pala, S. Casadio, A. Mantegani, G. Bonardi, and G. 


(350) Warner Lambert Co., U.S. pat. 3,649,620 (Mar. 14,1972). 
(351) American Home Products Corp., U.S. pat. 3,649,621 (Mar. 


(352) Glaxo Labs Ltd., Netherlands pat. 7,209,345 (Jan. 9, 


(353) F. Saias, A. Jondet, and J. Philippe, Ann. Pharm. Fr., 27, 


(354) W. C. Miller, D. B. Marcotte, and L. McCurdy, Curr. 


(355) W. D. Celmer, Canadian pat. 779,315 (Feb. 27,1968). 
(356) A. G. Kallianos, J. D. Mold, and M. I. Simpson, U.S. pat. 


(357) A. Zaffaroni, U.S. pat. 3,708,492 (Jan. 2, 1973). 
(358) R. L. Houtman, U S .  pat. 3,442,926 (May 6,1969). 
(359) A. B. G. Laing, G. Pringle, and F. C. T. Lane, Amer. J. 


(360) D. F. Clyde, Mil. Med., 135,527(1970). 
(361) G.  R. Coatney, P. G. Contacos, and J. S. Lunn, Amer. J. 


(362) C. Pfaffman, Amer. Sci., 52,187(1964). 
(363) K. Kimura and L. M. Beidler, J.  Cell. Comp. Physiol., 58. 


(364) H. Tateda and L. M. Beidler, J. Gen. Physiol., 47, 


(365)’ L. M. Beidler, ibid., 38,133(1954). 
(366) L. M. Beidler, in -“Progress in Biophysics and Biophysical 


(367) G. L. Flynn, S. H. Yalkowsky, and N. D. Weiner, J. 


(368) C. Duncan, J. Theoret. Biol., 5,114(1963). 
(369) L. M. Beidler, Aduan. Chem. Ser., 56, l(1966). 
(370) R. W. Moncrieff, “The Chemical Senses,” Leonard Hill 


(371) D. G. Moulton and D. Tucker, Ann. N. Y. Acad. Sci., 116, 


(372) D. Tucker, J. Gen. Physiol., 46, 453(1963), and references 


(373) D. Schneider, in “Olfaction and Taste,” Y. Zotterman, 


(374) M. G. J. Beets, Amer. Perfum. Aromat., 76,54(1961). 


904( 1968). 


96.269(1949). 


1972). 


tibiot., 25,261(1972). 


Annu., 1957-1958,546. 


420( 1971). 


let, Curr. Ther. Res., Clin. Exp., 14,696(1972). 


49,119(1973). 


Acta Psychiat. Scand., Suppl., 241,9(1973). 


P. L. Perlman, J. Amer. Chem. Soc., 79,4472(1957). 


Chem., 15,556(1972). 


20,627(1972). 


7,1972). 


Coppi, J.  Med. Chem., 15,995(1972). 


14,1972). 


1973). 


557( 1969). 


Ther. Res., Clin. Exp., 15,700(1973). 


3,646,201 (Feb. 29,1972). 


Trop. Med. Hyg., 15,838(1966). 


Trop. Med. Hyg., 13,383(1964). 


131 (1961). 


479( 1964). 


Chemistry,” Pergamon Press, London, England, 1961, p. 107. 


Pharm. Sci., 63,300(1974). 


Books, London, England, 1967, p. 245. 


380( 1964). 


cited therein. 


Ed., Pergamon Press, London, England, 1963, p. 85. 


Vol. 64, No. 2, February 1975 1209 







(375) J. E. Amoore, J. SOC. Cosmet. Chem., 21,99(1970). 
(376) M. G. J. Beets, SOC. Chem. Ind., (London), Monogr. No. 1 ,  


(377) Y.-R. Naves, ibid., 1957,38. 
(378) Merck and Co., Inc., West German pat. 2,256,538 (May 


(379) Officina Terapeutica Italiana SRL; French pat. 2,099,449 


(380) C. M. Gruber. Jr., V. C. Stephens, and P. M. Terrill, Tori- 


(381) V. C .  Stephens, U S .  pat. 3,728,379 (Apr. 17,1973). 
(382) Sumitomo Chemical Co. Ltd., West German pat. 


(383) E. P. Taylor, J.  Pharm. Pharmacol., 5.254(1953). 
(384) R. K. Clark, Jr., and E. L. Varner, Antibiot. Chemother., 


(385) R. K. Clark, Jr., U.S. pat. 2,967,129 (Jan. 3,1961). 
(386) G. E. Davies and G. W. Driver, Brit. J. Pharmacol., 12, 


(387) G. E. Davies and G. W. Driver, Nature, 182,664(1958). 
(388) Schering Corp., U.S. pat. 3,767,811 (Oct. 23,1973). 
(389) J. E. Gray, Arch. Pathol., 84,522(1967). 
(390) R. M. DeHaan, D. Schellenberg, and J. T. Sobota, J. Clin. 


(391) E. Novak, J. G. Wagner, and D. J. Lamb, Int. J. Clin. 


(392) J. E. Gray, R. Weaver, M. Prestrud, and R. DeHaan, Tox- 


(393) B. E. Ballard, J.  Pharm. Sci., 57,357(1968). 
(394) L. Joubert, J. P. deMenezes, and C. A. Fernandez, J. Int. 


(395) J. Baldwin and A. B. Amerson, Amer. J. Hosp. Pharm., 


(396) E: M. Ditlefsen, Acta Med. Scond., 159,105(1957). 
(397) W. Wallis. H. Kutt. and F. McDowell. Neurolopv. 18. 


1957,54. 


24,1973). 


(Mar. 17,1972). 


col. Appl. Pharmacol., 19,423(1971). 


2,244,179 (Mar. 29,1973). 


7.487(1957). 


434( 1957). 


Pharmacol., in press. 


Pharmacol. Ther. Toxicol., 3,201(1970). 


icol. Appl. Pharmacol., 17,297(1970). 


Med. Res., 1,61(1972). 


30,837(1973). 


. 
513(1968). 


(398) W. Morozowich. D. J. Lamb. R. M. DeHaan. and J. E. . ,  
Gray, “Abstracts of Papers,” APhA Academy of Pharmaceutical 
Sciences, Washington, D:C., meeting, Apr. 1970, p. 63. 


(399) H. T. Edmondson, Ann. Surg., 178,637(1973). 
(400) S. Ross, J. R. Puig, and E. A. Zaremba, Antibiot. Annu., 


1957-1958.803. 
(401) J. T. Scott, I. H. Porter, S. M. Lewis, and A. S. Dixon, 


(402) H. W. Davenport, Gastroenterology, 46,245(1964). 
(403) H. W. Davenport, B. J. Cohen, M. Bree, and V. D. Daven- 


(404) K. J. Ivery, ibid., 61, 247(1971), and references cited 


(405) A. Lynch, H. Shaw, and G. W. Milton, Gut, 5,230(1964). 
(406) E. I. Winkelman and W. H. J. Summerskill, Gastroenter- 


(407) R. Menguy and Y. F. Masters, Surg. Gynecol. Obstet., 


(408) R. Menguy and Y. F. Masters, Surgery, 54.19(1963). 
(409) D. M. Bailey, D. Wood, R. E. Johnson, J. P. McAuliff, J. 


(410) B. A. Hems, R. M. Atkinson, M. Early, and E. G. Tomieh, 


(411) M: H. Hubacher and S. Doernberg, J. Pharm. Sci., 53. 


(412) T. Bruzzese, A. Goi, and M. Riva, Farmaco, Ed. Sci., 28, 


(413) N .  H. Anderson and N. M. Weinshenker, US. pat. 


(414) K. R. H. Repke and R. Megges, Therapiewoche, 23,2314, 


(415) Beiersdorf AG, West German pat. 2,212,830 (Sept. 27, 


(416) Beiersdorf AG, West German pat. 2,212,831 (Sept. 27, 


(417) Synthelabo, Belgian pat. 798,557 (Aug. 16,1973). 
(418) I. Villax, U.S. pat. 3,773,803 (Nov. 20,1973). 


Quart. J. Med., 30,167( 1961). 


port, ibid., 49,189(1965). 


therein. 


ology, 40,56(1961). 


120,92(1965). 


C. Bradford, and A. Arnold, J. Med. Chem., 15,344(1972). 


Brit. Med. J.. 1 ,  1834(1962). 


1067(1964). 


121( 1972). 


3,723,423 (Mar. 27,1973). 


2317( 1973). 


1973). 


1973). 


ACKNOWLEDGMENTS A N D  ADDRESSES 
Received from The Research Laboratories, The Upjohn Com- 


pany, Kalamazoo, MI 49001 
Adapted in part from an oral presentation by A. A. Sinkula to 


the 14th Annual National Industrial Pharmaceutical Research 
Conference, Land 0’ Lakes, Wis., June 1972. 


To whom inquiries should be directed. 


210 1 Journal of Pharmaceutical Sciences 








(57) A. S. Troschin, “Das Problem der Zellpermeabilitat,” G. 
Fischer, Jena, Germany, 1958, chap. 4. 
(58) D. N. Nasonov, “Local Reaction of Protoplasm and Grad- 


ual Excitation,” Academy of Sciences of USSR, 1957; published for 
the National Science Foundation and the Department of Health, 
Education, and Welfare, Washington, D.C., by the Israel Program 
for Scientific Translations, Jerusalem, Israel, 1962, chaps. 3-4. 
(59) S. Javidan. R. Haaue, and R. G. Mrtek, J.  Pharrn. Sci., 60, 


1825(1971). 


Medical Center. Chicano. Ill., 1969. 
(60) R. N. Acharya, Ph.D. thesis, University of Illinois at the 


(61) S. Javidan a n d k .  G. Mrtek, J .  Pharrn. Sci., 62,420(1973). 
(62) Ibid., 62,424(1973). 
(63) A. H. Anton, J.  Pharrnacol. Exp. Ther., 129,282(1960). 
(64) R. M. Smith, D. A. Joslyn, 0. M. Gruhzit, I. W. McLean, 


Jr., M. A. Penner, and J. Ehrlich, J.  Bacteriol., 55,425(1948). 
(65) “Biological Basis of Chemotherapy of Infections and Infes- 


tation,” H. Seneca, Ed., F. A. Davis, Philadelphia, Pa., 1971, p. 
771. 
(66) “Principles of Drug Action,” A. Goldstein, L. Aronow, and 


S. N. Kalman, Eds., Hoeber, New York, N.Y., 1969, p. 137. 
(67) F. W. Putman, in “The Proteins,” vol. III,2nd ed., H. Neu- 


rath, Ed., Academic, New York, N.Y., 1965, chap. 14. 
(68) J. Autian, Amer. J .  Hosp. Pharm., 19,370(1962). 
(69) J. Autian, in “Dispensing of Medication,” E. W. Martin, 


(70) L. F. Tice and R. Pressman, J .  Amer. Pharrn. Ass., Sci. Ed., 


(71) N. W. Cucci, Soap Chem. Spec., 25,129(1949). 
(72) E. I. Valko, Ann. N.Y. Acad. Sci., 46,451(1946). 
(73) E. I. Valko and A. S. DuBois, J. Bacteriol., 47,15(1944). 
(74) A. S. DuBois and D. D. Dibblee, J. Milk Technol., 9, 


(75) S. A. Plotkin and R. Austrian, Amer. J.  Med. Sci., 235. 


Ed., Mack Publishing Co., Easton, Pa., 1971, p. 710. 


34,201(1945). 


260( 1946). 


621 (1?58). 


(76) M. T.  Goldsmith and M. A. Latlief, Appl. Microbiol., 3, 


(77) L. S. Stuart, L. F. Ortenzio, and J. L. Friedl, J .  Ass. Offic. 
195(1955). 


Agr. Chem., 36,461(1953). 
(78) 0. Rahn. Proc. SOC. EXD. Biol. Med.. 62.2(1946). , ~I 


(79) R. A. Quisno, I. W. Gibby, and M. J. Foster, J. Amer. 


(80) H. N. Glassman, Bacteriol. Rev., 12,105(1948). 
(81) T. Y. Toribara, Anal. Chern., 25,1286(1953). 
(82) R. R. Levine, Arzneim.-Forsch., 16,1373(1966). 
(83) R. R. Levine, hl. R. Blair, and B. B. Clark, J. Pharmacol. 


Exp. Ther., 114,78(1955). 
(84) H. E. Paul and M. F. Paul, in “Experimental Chemothera- 


py,” vol. 11, R. J. Schnitzer and F. Hauking, Eds., Academic, New 
York,N.Y., 1964,~. 327. 
(85) F. Kavanagh, “Analytical Microbiology,” Academic, New 


York, N.Y., 1963, p. 249. 
(86) Ibid., p. 411. 
(87) Ibid., p. 568. 
(88) Ibid., p. 675. 


Pharm. Ass., Sci. Ed., 35,317(1946). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received November 28, 1973, from the *Department of Phar- 
maceutical and Nutritional Sciences, University of Ferdowsi, 
Meshed, Iran, and the ‘Department of Pharmacy, College of 
Pharmacy, university of Illinois a t  the Medical Center, Chicago, 
IL 60680 


Accepted for publication September 26,1974. 
Abstracted in part from a dissertation submitted by S. Javidan 


to the Graduate College, University of Illinois at the Medical Cen- 
ter, Chicago, Ill., in partial fulfillment of the Doctor of Philosophy 
degree requirements. 


To whom inquiries should be directed. 


Transformation of 
2,2’-Anhydro-1 -P-D-arabinofuranosylcytosine 
Induced by Hydrogen Peroxide 


KIYOMI KIKUGAWA 


Abstract 0 2,2’-Anhydro-l-~-D-arabinofuranosylcytosine (I) is a 
more potent and less toxic antineoplastic agent than is cytarabine 
(1-6-D-arabinofuranosylcytosine) (11). The anhydronucleoside (I) 
was found to be readily transformed by hydrogen peroxide into 
2,2’-anhydro-5-hydroxy-l-~-~-arabinofuranosylcytosine (111) by 
treatment with 0.025 M hydrogen peroxide a t  a neutral and slight- 
ly basic pH range (pH 6-9) and a t  room temperature. It was con- 
verted into non-UV-absorbing substance(s) by hydrogen peroxide 
a t  an alkaline pH (pH 11). Since hydrogen peroxide is produced by 
redox reactions in all living cells, it may be responsible for the al- 


teration of I. Such transformations by hydrogen peroxide were not 
observed with cytarabine. 


Keyphrases 0 2,2’-Anhydro-l-B-o-arabinofuranosylcytosine- 
hydrogen peroxide-induced transformation, compared to cytara- 
bine reaction Hydrogen peroxide-induced hydroxylation-reac- 
tions with anhydronucleoside 2,2’-anhydro-l-P-D-arabinofurano- 
sylcytosine and cytarabine 0 Antineoplastic agents-hydrogen 
peroxide-induced transformation of 2,2’-anhydro-l-fl-~-arabino- 
furanosylcytosine, compared to cytarabine 


2,2’-Anhydro-l-P-D-arabinofuranosylcytosine1 (I) Although the anhydronucleoside was first prepared 
is a more potent and less toxic antineoplastic agent by Walwick et al. (7), its chemical properties have 
than is cytarabine2 (1 -P-D-arabinofuranosylcytosine) not yet been sufficiently investigated. 
(11) with experimental tumors (1-5). Evidence of the The anhydro linkage of this nucleoside, although 
clinical effectiveness of this anhydronucleoside stable in acid, is hydrolyzed in solutions of increased 
against acute leukemia was recently documented (6). hydroxyl-ion concentration to afford I1 (7, 8). Other 


chemical transformations of this anhydronucleoside 
under the possible biological conditions have not 
been reported. This paper deals with the transforma- 


’ Cyclocytidine. 
Previously named cytosine arahinoside or arabinosylcytosine. 
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Figure 1-Paper chromatography of I-HCl and 11 with 3% 
hydrogen peroxide. Solvent system was isopropanol-concen- 
trated ammonia-water (7 :1 :2 ) .  Spots were detected by UV 
radiation and Ehrlich's reagent. Key:  0, UV absorbing spot; 
and 8, Ehrlich's reagent positive spot. 


tions of the anhydronucleoside when treated with hy- 
drogen peroxide, since its ubiquitous occurrence in 
aerobic biological systems makes the reaction of con- 
siderable interest. 


EXPERIMENTAL3 


2.2'-Anhydro-l-/3-D-arabinofuranosylcytosine (I) Hydro- 
chloride-Compound I-HCl was prepared according to the modi- 
fied method reported previously (13). Phosphorus oxychloride (33 
ml, 0.36 mole) was placed in 200 ml of anhydrous dimethylforma- 
mide, and the mixture was set aside a t  room temperature for 30 
min. To the solution was added 10.0 g (41 mmoles) of cytidine, and 
the mixture was stirred at  room temperature for 3 hr and then 
poured into 150 ml of water to destroy the reagent. The aqueous 
reaction mixture was allowed to stand at  room temperature for 2 
hr and then was evaporated in uacuo to about 200 ml. 


The solution was seeded with an authentic sample of the hydro- 
chloride of I and stored in a refrigerator overnight. The white nee- 
dles were separated by filtration, washed with ethanol, and dried. 
The hydrochloride of I was obtained in a yield of 49% (5.23 9). mp 
257-259' dec. Physicochemical properties of this sample were 


Melting points were determined on a Buchi melting-point apparatus and 
are uncorrected. UV absorption was measured with a Hitachi recording 
spectrophotometer, EPS-3T. Optical rotations were obtained with a JASCO 
polarimeter, DIP-SL. NMR spectra were taken in deuteroxide (internal 
standard 2,2-dimethylsilapentane-5-sulfonic acid sodium salt) with a Var- 
ian-T6O spectrometer. High-resolution mass spectroscopy was measured 
with a CEC llOB double-focus mass spectrometer. 


Paper chromatograms were run on 'I'oyo Hoshi No. 51A, using the fol- 
lowing solvent systems: 1, isopropanolxoncentrated ammonia-water (7:l:Z); 
2. n-butanol-water (84:16); 3, 5 M ammonium acetate-0.5 M tetrasodium 
ethylenediaminektraacetate-saturated sodium borate+thanol (120.348: 
132) (9); and 4, n- butanol-acetic acid-water (2:l:l). Paper electrophoresis 
was carried out in the following buffer systems: A, borate buffer (pH 6.0) 
(10); and B, 0.05 M phosphate buffer (pH 7.5) at loo0 v/35 cm for 1 hr. The 
spots were detected by UV radiation (253.6 nm) unless otherwise men- 
tioned. The metaperiodate consumption test was done according to the 
usual method (11). Commercially available 30% hydrogen peroxide WBS 
used, and the content of the reagent in the solution was 440 m (13 mmoles)/ 
1.0 ml, estimated by iodometry. Cytarabine (11) was prepared%y the authors 
(12, 13). 


identical with those of the authentic sample purified through ion- 
exchange columns described previously (13). 


Paper Chromatography of I-HCI in  Presence of Hydrogen 
Peroxide-Compound I-HCI (100 mg, 0.38 mmole) was dissolved 
in 1.0 ml of water, and 0.10 ml (1.30 mmole) of 30% hydrogen per- 
oxide was added. The solution was submitted to paper chromatog- 
raphy and was developed with Solvent 1 for 14 hr. A single spot (R, 
0.47) was detected by UV radiation, and the aqueous extract of the 
spot showed UV absorption maxima at  286 (pH 1) and 258 and 316 
(pH 7 and pH 13) nm. The spot consumed metaperiodate in the 
sodium metaperiodate-potassium iodide spray test. Another spot 
(RI  0.74), colored violet with Ehrlich's reagent, was also detected. 
When I in the absence of hydrogen peroxide or I1 in the presence 
of hydrogen peroxide was submitted to paper chromatography and 
developed as described, only one spot (Rf 0.61) corresponding to I1 
was detected (Fig. 1). The paper chromatograms of I in the pres- 
ence of the reagent developed with Solvent System 2 or 4 revealed 
no other spots than that corresponding to I. 


Treatment of Pyrimidine Nucleoside with Hydrogen Per- 
oxide in Buffer Systems-Pyrimidine nucleosides such as I, 11, 
2,2'-anhydro-l-@-D-arabinofuranosyluracil, 2,2'-anhydro&hy- 
droxy-1-@-D-arabinofuranosylcytosine (III), cytidine. and uridine 
were treated with 0.025 M hydrogen peroxide in buffer systems at 
room temperature. For example, a solution of the I-HCI (50 mg, 
0.190 mmole) or I1 (50 mg, 0.205 mmole), 50 11 (0.65 mmole) of 30% 
hydrogen peroxide, and 450 11 of water was added to 25.0 ml of 
each of the following buffers, and the mixture was set aside at  
room temperature. The buffers used were 1 A4 sodium acetate (pH 
4.0,4.9,5.5, and 5.9),1 M phosphate (pH 5.8,6.2,7.0, and 7.9), and 
1 M glycine-sodium hydroxide (pH 8.0,9.0, 10.0, and 11.0). 


An aliquot (0.10 ml) of each buffered mixture was added to 10.0 
ml of 0.1 N NaOH; after 5 min a t  room temperature, the spectrum 
of the alkaline solution was recorded. Under the alkaline condi- 
tions, unreacted I was completely converted into 11, and the prod- 
uct (111) was almost intact. From the spectra, absorbances of I and 
I1 treated with hydrogen peroxide were calculated (Figs. 2-4). The 
amount of hydrogen peroxide remaining in the buffered mixture 
except a t  pH 11 was determined by iodometry (Fig. 4). 


The reaction of I with hydrogen peroxide at  pH 7.9 in the pres- 
ence of ferric chloride or ally1 alcohol was also investigated. Thus, 


8 
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= 6  


z 
2 
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0 " 
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4 4  
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Figure 2-Changes of UV absorption of I and 11 treated with 
hydrogen peroxide under different pH conditions. Compounds 
I-HCl (7.6 X 10-3  M) and 11 (8.2 x M) were treated 
with 0.025 M hydrogen peroxide in 1 M buffer systems at room 
temperature for 18 hr. Absorbance at 275 and 315 nm of the 
mixture diluted with alkali was measured. Key:  0, I at 275 nm; 
a, I at 315 nm; 0 , I I  at275 nm; and ., 11 at 315 nm. 
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Figure 3-Full spectra of the reaction mixture of I with 
hydrogen peroxide diluted with alkali. Conditions were the 
same described for Fig. 2. Key:  -, p H  4.9; - -, p H  7.9; 
and ... .., p H  11 .O. 


a solution of the I-HCl (5.0 mg, 0.019 mmole) and 50 pl (0.65 
mmole) of 30% hydrogen peroxide in 25.0 ml of 0.1 M phosphate 
buffer (pH 7.9) containing 5 X M ferric chloride or 5 X lo-* 
M ally1 alcohol was allowed to stand at  room temperature. An ali- 
quot (2.0 ml) was diluted with 23 ml of 0.1 N NaOH or 0.1 N HCl, 
and the spectrum of the solution was recorded. The effect of ferric 
chloride and ally1 alcohol on the reaction of I with hydrogen perox- 
ide is presented in Fig. 6. 


2.2' - Anhydro-5-bydroxy-l-/3-D-arabinofuranosylcytosine 
(111)-Compound I-HCI (2.00 g, 7.65 mmoles) was added to a mix- 
ture of 2.0 ml (26.0 mmoles) of hydrogen peroxide and 1.0 liter of 1 
M phosphate buffer (pH 7.9) with stirring. The solution was kept 
at 30" for 18 hr. It was then chilled in an ice water bath, and the 
crystalline salt was removed by filtration and washed with cold 
water. The filtrate and washings were combined and treated with 
1.0 g of 5% palladium-on-charcoal overnight until free of hydrogen 
peroxide as detected by potassium iodide-starch paper. 


The charcoal was removed by filtration, and the filtrate was aci- 
dified to pH 1.0 with concentrated hydrochloric acid and added to 
a cation-exchange column4 (250 ml). The column, which had pre- 
viously been washed with water, was eluted with 250 ml of 3 N 
NHIOH. The effluent was evaporated at  20" in uacuo to dryness, 
and the residue was triturated with ethanol to afford 1.60 g of a 
crude crystalline sample of 111. Recrystallization from ethanol- 
water gave 1.20 g of white needles (65.0% yield), mp 275-281" dec., 
[a]h5 -98.3O (c 0.10, water). The pKa, determined spectrophoto- 
metrically, was 5.2. NMR: d 3.53 (2H, doublet, Hs,), 4.40 (IH, mul- 


0 4 8 12 16 20 48 
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Figure 4-Time course of the reaction of I with hydrogen 
peroxide. Compound I-HCZ (7.6 X M) was treated with 
0.025 M hydrogen peroxide a t p H  5.0, 7.9, or 11.0 and at room 
temperature. Absorbance at 275 and 315 nm of the mixture 
diluted with alkali was measured. The amount of hydrogen 
peroxide remaining in the mixture was also determined. Key:  
0, p H  5.0; 0, PH 7.9; M, PH 11.0; - , absorbance at 275 
nm; -----, absorbance at 315 nm; and - -, amount of hydrogen 
peroxide remaining. 


Dowex 50 X 4, free form. 
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Figure 5-UV absorption spectra of 111 treated with 0.1 N 
NaOH at 50°. Spectra were taken after the mixture was diluted 
with 0.1 M phosphate buffer ( p H  7.0) or 0.1 N HCL. Key:  -, 
for 0 rnin and then at p H  7.0; ----, for 0 min and then in 0.1 N 
HCI; -, for 30 min and then at pH 7.0; and - -, for 30 
rnin and then in 0.1 N HCL. 


tiplet, Hd,), 5.46 (lH, doublet, Hz,, 51,,y = 6 Hz), 6.54 (lH, doublet, 
HI,, 51,,2, = 6 Hz), and 7.00 (lH, singlet, H6) ppm. High-resolution 
mass spectroscopy showed a molecular ion peak at mle 241 and an 
elemental composition corresponding to CgHllN305. 


Compound 111 consumed 2 moles of metaperiodate within 30 
min and an additional 2 moles over 40 hr. A violet color was pro- 
duced when 111 was treated with a 2% ferric chloride solution in 
water. Data from paper chromatographic, paper electrophoretic, 
and UV absorption analyses are presented in Table I. 


Anal.-Calc. for C9HllN305: C, 44.81; H, 4.59 N, 17.42. Found: 
C, 44.68; H, 4.58; N, 17.46. 


Alkaline Hydrolysis of 111: Spectrophotometric Estimation- 
Compound 111 (10.0 mg) was dissolved in 2.0 ml of 0.1 N NaOH 
and incubated at  22 or 50" for 6 hr. An aliquot (50 ~ 1 )  was diluted 
with 25 ml of 0.1 N HCl or 0.1 M phosphate buffer (pH 7.0), and 
the spectra were recorded. The spectra indicated that 111 was com- 
pletely degraded to 5-hydroxy-1-0-D-arabinofuranosylcytosine 
(IV) at  22" in 6 hr and at  50" in 30 min. Treatment of 111 in 0.1 N 
NaOH a t  50" for an additional 150 min did not show any changes 
in the spectrum. About 50% of 111 was transformed into IV at 22" 
in 65 min, estimated by the absorbance at 320 nm in 0.1 N HCl. 
Representative profiles are given in Fig. 5. 


Attempts to Isolate the Hydrolyzed Product (1V)-Com- 
pound 111 (700 mg, 2.9 mmoles) was dissolved in 30 ml of concen- 
trated ammonia and heated at  100" for 5 hr in a sealed tube. Paper 
chromatography (Solvents 1, 2, and 4) of the mixture revealed a 
new fluorescent spot detected by UV radiation. The aqueous ex- 
tract of the spot showed absorption maxima at 304 and 215 (pH 1). 
292 and 218 (pH 7), and 321 (pH 13) nm, very close to the maxi- 
mum (292 nm at  pH 7) of the known 5-hydroxycytidine (14). The 
spot gave a violet color with a 2% ferric chloride solution in water 
and was not colored by Ehrlich's reagent. The reaction mixture 
was evaporated in uucuo to dryness, and the residue was purified 
by passage through a cellulose column (1.7 X 50 cm) with Solvent 2 
to afford a colorless gum of IV (Table I). All attempts to obtain a 
crystalline sample of IV failed because it gradually decomposed 
and darkened on treatment with solvents at room temperature. 


RESULTS AND DISCUSSION 


During the studies on the chemical transformations of I, it was 
found that paper chromatography of a solution of I-HCl in hydro- 
gen peroxide with an alkaline solvent system quantitatively con- 
verted 1 into compounds other than its hydrolyzed derivative, 11. 
Thus, paper chromatography of a mixture of I-HCl in hydrogen 
peroxide developed with an alkaline solvent system revealed one 
UV-absorbing spot and another non-UV-absorbing spot (Fig. 1). 
The product (111) corresponding to the UV-absorbing spot differed 
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Table I-Paper Chromatography, Paper  Electrophoresis, a n d  UV Absorption Data of 2,2'-Anhydro-l-p-~-arabino- 
furanosylcytosine Derivatives 


Paper 
Paper  chromatography Electrophoresis 


(RI) (Mobility), cm 
Solvent System Buffer System W Absorption 


Compound 1 2 3 4 Aa B P H  A,,, nm ( e  X 1 0 - 8 )  


- I-HCl 0.08 0.67 0.30 -6.2 -13.5 1-7 263 (10.6), 231(9.5) 
I1 0.61 0.14 0 .66  0 . 4 4  -6 .2  -7.0 + 227812:;37;))b 
I11 0 . 4 7  0.06 0.52 0.44 - 6 . 2  -8.5 1 284 (9.98), 215 (12.2) 


IVC 0.38 0 . 1 5  0 .37  -7.0 1 304 (10.2), 215 (12.2) 


7 316 (8.2),258 (5.0), 218.5 (17.7) 
13 316 (8.2), 257 (5.0)d 


7 292 (7.3), 218 (13.8) 
13 321 (8.0) 


- - 


Compounds such as cytidine having a cis-glycol function at the sugar moiety ran - 3.0 cm to cathode. b Reference 13. C Data of paper chromatography and 
paper electrophoresis were obtained with the purified gum of IV, and the UV absorption spectrum was obtained by the quantitative transformation of 111 
with 0.1 N NaOH at  50". d Measured as soon as possible. 


from I or I1 and had the absorption maxima at  258 and'316 nm 
(pH 7 and 13). The reaction on the paper chromatogram using the 
alkaline solvent system was not observed when a mixture of I in 
water in the absence of hydrogen peroxide or a mixture of I1 and 
the reagent was developed. Therefore, I was converted into 111 and 
other non-UV-absorbing substance(s) by hydrogen peroxide with- 
out prior hydrolysis to 11. 


To characterize the pH dependence of the reaction of I with hy- 
drogen peroxide, I and I1 were treated with a 3.4 molar excess of 
0.025 M hydrogen peroxide in buffer systems (pH 4-11) a t  room 
temperature for 18 hr (Fig. 2). Although the absorbances of the 
mixtures of I1 and hydrogen peroxide were not altered over the 4- 
11 pH range, those of the mixtures of I and hydrogen peroxide 
were altered extensively, depending on the pH of the buffer sys- 
tems. Thus, the absorbances a t  275 nm of the mixtures of I and the 
reagent were not altered below pH 6 but extensively decreased 
above pH 6. The absorbances at 315 nm of the mixtures increased 
over the 6-8 pH range and decreased at more alkaline pH values. 
Some of the full spectra of the reaction mixtures are shown in Fig. 
3. Figures 2 and 3 indicate that I reacted with hydrogen peroxide 
in two fashions without prior hydrolysis to 11. At  around pH 8, I 
was mainly converted into 111, having an absorption maximum at  
316 nm (pH 13). At  around pH 11, I was mainly converted into 
non-UV-absorbing substance(s). 


A time course study of the reaction of I with hydrogen peroxide 
is presented in Fig. 4. A t  pH 5.0, little reaction occurred over 48 hr, 
and little hydrogen peroxide was consumed during the first 17 hr. 
At pH 7.9, both the decrease of the absorbance a t  275 nm and the 
increase at  315 nm indicated that the formation of 111 gradually 
proceeded, reaching a maximum at  17 hr. About one-third of the 
3.4 equimolar amount of hydrogen peroxide initially present in the 
mixture was consumed after 17 hr, indicating that I had reacted 
with about an equimolar amount of the reagent. The yield of 111 at  
pH 7.9 after 17 hr was 73%, calculated from the c value of 111. At 
pH 11.0, an extensive decrease in the absorbance at  275 nm oc- 
curred within 1 min, and the formation of compounds other than 
non-UV-absorbing substance(s) was not significant during the 
reaction. 


Compound 111 was isolated in a yield of 65% from the reaction 
mixture of I treated with 0.025 M hydrogen peroxide in 1 M phos- 
phate buffer (pH 7.9) overnight. The structure of I11 was deter- 
mined by the following observations. High-resolution mass spec- 
troscopy and elemental analysis showed the formula of 111 to be 
CgH11N305. In the NMR spectrum of 111, the anomeric proton sig- 
nal appeared at 6 6.54 ppm with a coupling constant of 6 Hz; the 
signal at 6 5.46 ppm with the same coupling constant can be as- 
signed to the 2'-proton by the double resonance technique. Chemi- 
cal shift of the 2'-proton signal of 111 appeared very close to that.of 
the 2,2'-cyclized compound, 15, and was downfield from that of the 
uncyclized compound such as IF, indicating that the 2,2'-anhydro 


6 5.63 ppm (doublet, HT, 51,.2, = 6 Hz). 
6 4.40 ppm (triplet, HT, 518.2 .  = 5 Hz). 


linkage was retained in the molecule of 111. One of the two vinylic 
protons at  the 5- and 6-positions of I had disappeared, and one 
proton signal appeared at  6 7.00 ppm as a singlet. Thus, 111 was ei- 
ther the 5-hydroxy or the 6-hydroxy derivative of I. 


Introduction of a hydroxy function into the 5-position of pyrimi- 
dine nucleosides produced a bathochromic and hypochromic shift 
of UV absorption; that a t  the 6-position produced a hypsochromic 
and hyperchromic influence (14-19). Furthermore, 5-hydroxypyri- 
midine nucleosides give a positive reaction with a ferric chloride 
solution but not with an Ehrlich's reagent, whereas 6-hydroxypy- 
rimidine nucleosides give a positive reaction with an Ehrlich's re- 
agent but not with a ferric chloride solution (14-19). Evidence that 
I11 was the 5-hydroxy derivative of I was provided by the UV ab- 
sorption spectrum of 111 compared with that of I (Table I) and the 
violet color produced with a ferric chloride solution. The structure 
of 111 was thus established as 2,2'-anhydro-5-hydroxy-l-&D-arabi- 
nofuranosylcytosine (Scheme I). 


Compound I11 was quite stable in 0.1 n HCl at  80' for 1 hr, but 
it was degraded in alkali. When 111 was treated with concentrated 
ammonia at  100' for 5 hr, the major product (IV) was obtained. 
Compound IV, not isolated in a crystalline form, may be 5-hy- 
droxy-1-8-D-arabinofuranosylcytosine because its UV absorption 
spectrum closely resembles that of the known 5-hydroxycytidine 
(14) and gives a positive reaction with ferric chloride solution. In 
0.1 N NaOH, complete hydrolysis of 111 to IV required 6 hr at 22O 
and 30 min at 50' (Fig. 5); 50% hydrolysis was complete after 65 
min a t  22'. The anhydro bond of 111 was more stable than that of 
I, which was quantitatively converted into I1 in 0.1 N NaOH at 22O 
within 5 min (20). While the introduction of a halogeno group into 
the 5-position of I destabilized the anhydro bond (20), the intro- 
duction of a hydroxyl function stabilized the bond towards alkali. 


Figure 6-Effect of fer- 
ric chloride and allyl 
alcohol on the reaction of 
I with hydrogen peroxide 
at p H  7.9. Compound I -  
HC1 (7.6 x lo-' M )  
was treated with 0.025 M 
hydrogen peroxide in 0.1 
M phosphate buffer ( p H  
7.9) at room temperature. 
Absorbance at 315 nm 
when diluted with 0.1 N 
NaOH and that at 285 
nm when diluted with 0.1 
N HCl were measured. 
Key:  -, 315 nm; ----, 
285 nm;' 0, with none; 
0, with 5 X M 
ferric chloride; and 0, 


0 10 20 with 5 x 10-2 M allyl 


8- .- ..*@------a- ,.-. .- 


HOURS alcohol. 
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NH, 
I 


0.1 N NaOH - 
I Iv 


(rapid) 


non-UV-absorbing substance(s) 
Scheme I 


Formation of non-UV-absorbing substance(s) by reaction of I 
with hydrogen peroxide a t  around pH 11 was first considered to 
proceed uia rapid formation and degradation of 111. Thus, the 
reaction of I11 with the reagent a t  pH 11.0 was investigated. Al- 
though the decrease of the absorbance a t  275 nm of I treated with 
the reagent was spontaneous and extensive (Fig. 4), that  of I11 
treated with the reagent a t  pH 11.0 was gradual over 20 hr, reach- 
ing about 70% of the initial one. At pH 11, the speed of transfor- 
mation of I11 into non-UV-absorbing substance(s) was slower than 
that of I. Therefore, the reaction of I with hydrogen peroxide a t  
pH 11 occurred directly without prior formation of 111. 


Since hydrogen peroxide is produced by redox reactions in all 
living cells, i t  may be responsible for alterations of I. The reaction 
of I with the reagent near neutral pH was of special interest. Reac- 
tion of I with hydrogen peroxide at pH 7.9 was not influenced by a 
metal ion, such as ferric chloride, or a radical trap, such as ally1 al- 
cohol, over 24 hr, indicating that the reaction of I with the reagent 
to form I11 was not due to a radical reaction (Fig. 6). In addition to 
II, other pyrimidine nucleosides such a s  cytidine, uridine, and 
2,2'-anhydro-l-P-D-arabinofuranosyluracil did not suffer any sig- 
nificant reaction with the reagent a t  pH 7.9. Thus, hydroxylation 
of the 5-position of I with hydrogen peroxide was a reaction char- 
acteristic to the structure of I. 


The effects of hydrogen peroxide on nucleic acids and their com- 
ponents have been investigated (21-24). The reagent with metal 
ions destroys the deoxyribonucleic acid molecule, causing an ex- 
tensive decrease in UV absorption and melting temperature (21, 
24) and liberating all four bases (21, 22). Some of the pyrimidine 
bases and the purine bases have been converted into non-UV-ab- 
sorbing substances (22) and 2-, 7-, or 8-hydroxyadenine in the.case 
of adenine base (23). These effects of hydrogen peroxide on nucleic 
acids and their components have been generally regarded as the 
results of radical-forming processes. The results obtained by Sub- 
baraman et al. (25) on the reaction of uracil and thymine bases 
with alkaline hydrogen peroxide were accounted for by a mecha- 
nism in which the neutral substrate was attacked by the anion of 
hydrogen peroxide to form products that  led to ring cleavage. The 
reaction of I with the reagent described here under the neutral and 
slightly basic conditions (pH 6-9) may be due to other mechanisms 
than radical-forming processes. 


Compound I11 was studied by Hoshi et al. (26) as an antineo- 
plastic agent and was found to be inactive. 


SUMMARY 


1. The reaction of I with a 3.4 molar excess of hydrogen perox- 
ide (0.025 M )  a t  pH 7.9 and a t  room temperature for 17 hr afford- 
ed I11 in a good yield. 


2. The formation of I11 from I by reaction with the reagent oc- 
curred over the 6 9  pH range. 
3. The reaction of I with the reagent under the neutral condi- 


tions could not be interpreted by radical-forming processes. 
4. The anhydro bond of 111 was somewhat more stable toward 


alkali than that of I. 
5. An extensive loss of UV absorption was observed within 1 


min in the reaction of I with the reagent at pH 11, which did not 
proceed through I1 or 111. 


6. Compound I1 did not suffer significant reaction with the re- 
agent over the 4-11 pH range. 
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Quantitation of Propoxyphene and Its Major 
Metabolites in Heroin Addict Plasma after 
Large Dose Administration of Propoxyphene Napsylate 


J. FRANK N A S H X ,  I. F. BENNETT, R. J. BOPP, 
M. K. BRUNSON, and H. R. SULLIVAN 


Abstract 0 A sensitive and specific GLC assay method was devel- 
oped for the determination of propoxyphene, its major metabolite 
norpropoxyphene, and lesser known metabolites cyclic dinorpro- 
poxyphene and/or dinorpropoxyphene in plasma of heroin addicts 
administered up to  800 mg of propoxyphehe napsylate. The assay 
used a mass internal standard of pyrroliphene. The compounds 
were extracted from pH 9.8 carbonate-buffered plasma with butyl 
chloride, back-extracted into acidified water which was then 
washed with hexane, and reextracted with chloroform from the 
aqueous phase made basic. Quantitation of the drug and its metab- 
olites was accomplished by temperature-programmed GLC. Abso- 
lute identification of the compounds chromatographed was com- 
pleted by GLC-mass spectrometry. 


Keyphrases Propoxyphene and metabolites-GLC analysis in 
heroin addict plasma Norpropoxyphene and cyclic dinorpropox- 
yphene-GLC analysis in heroin addict plasma after propoxy- 
phene napsylate administration 0 Dinorpropoxyphene (cyclic) 
and norpropoxyphene-GLC analysis in heroin addict plasma 
after propoxyphene napsylate administration GLC-mass spec- 
trometry-analysis, propoxyphene and metabolites in heroin ad- 
dict plasma 


Propoxyphene hydrochloride1 has been prescribed 
widely for the symptomatic relief of mild or moderate 
pain. Metabolic studies were conducted using radio- 
carbon-labeled propoxyphene (1) and with deute- 
rium-labeled drug and GLC-mass spectrometry (2). 
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Figure 1-Gas-liquid chromatogram (flame-ionization de- 
tector) of human plasma extracts. Left: blank plasma spiked 
with: Compound A, 100 nglml; Compound B, 100 nglml; 
Compound C, 250 ng/ml; and Compound D, 500 ng/ml. Right: 
patient's plasma after dose of 200 mg propoxyphene napsylate. 


The 2-naphthalenesulfonate2, another salt of propox- 
yphene, has been marketed as a therapeutic agent 
equally as effective as the hydrochloride (3-6). The 
use of propoxyphene napsylate in large doses for the 
treatment of heroin addicts has been reported (7, 8), 
as has a GLC method for the determination of pro- 
poxyphene in plasma (9). 


~ 


n-d-4-(Dimethylamino) -3-methyl-1,2-diphenyl-2-propionoxybutane hy- 
drochloride; Darvon, Eli Lilly and Co. 


* n-d-4-~Dimeth~lamino)-3-methyl-1,2-diphenyl-2-pr~~pion~~x~bu~ane 2- 
naphthalenesulfonate; Darvon-N, Eli Lilly and Co. 
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RESEARCH ARTICLES 


Polycyclic Aromatic Isothiocyanate Compounds as 
Fluorescent Labeling Reagents 


J. E. SINSHEIMERx, V. JAGODIC, LJ. POLAK, 
D. D. HONG, and J. H. BURCKHALTER 


Abstract Polycyclic aromatic isothiocyanates were synthesized 
in an attempt to produce new fluorescent agents for protein label- 
ing and for use in microanalytical techniques. The relative fluores- 
cence of these reagents, the required intermediates, and the deriv- 
atives were established. Of the compounds evaluated, the 9-acri- 
dine derivatives were the most promising. 


Keyphrases 0 Fluorescent labeling agents-synthesis of polycy- 
clic aromatic isothiocyanates, relative fluorescence 0 Isothiocyan- 
ates, polycyclic aromatic-synthesized as fluorescent labeling 
agents, relative fluorescence 


In 1950, Coon and Kaplan (1) introduced fluo- 
rescein isocyanate for the fluorescent labeling of pro- 
teins. The subsequent synthesis of fluorescein and 
rhodamine isothiocyanates (2, 3) greatly advanced 
this technique because of major improvements in re- 
agent stability and purity. These latter compounds 
are widely used for protein labeling, especially in 
antibody-antigen studies (4). 


There is continued interest in these laboratories 
concerning the synthesis of improved fluorescent 
agents of greater stability and of contrasting color as 
compared to fluorescein isothiocyanate. The synthe- 
sis and evaluation of stilbene isothiocyanates were 
described previously (5). The present study describes 
the synthesis and evaluation of isothiocyanate deriv- 
atives of polycyclic aromatic compounds for potential 
use as protein labeling reagents and in fluorescent 
microanalysis of amines (6). 


EXPERIMENTAL' 


2-Isothiocyanato-7-methoxyfluorene (1)-A mixture of 0.9 g 
(0.0043 mole) of 2-amino-7-methoxyfluorene, 0.22 g (0.0022 mole) 
of calcium carbonate, and 200 ml of benzene was refluxed, and 0.4 
ml (0.005 mole) of thiophosgene in 50 ml of benzene was added 
slowly from a separator. The mixture was refluxed for 3 hr and fil- 
tered by suction in the hood. Air evaporation of the filtrate afford- 
ed 0.95 g (88%) of a pink-gray precipitate. The compound was re- 
crystallized from acetone, mp 128-129O; IR (KBr): 2950 (CH3), 
2100 (broad, NCS), 1610 and 1470 (aromatic), and 1240 (aromatic 
ether) cm-'; UV X!$:,','): 328 (log c 4.41) and 210 (4.52) nm; 
NMR (CDC13): 6 3.66 (s, 2, CHz), 3.82 (5, 3, OCH3), and 6.82-7.64 
(m, 6, aromatic H). 


Anal.-Calc. for C15H11NOS: C, 71.11; H, 4.39; N, 5.53; S, 12.66. 
Found: C, 71.12; H, 4.37; N, 5.45; S, 12.65. 


' Melting points were in open capillary tubes with a Mel-Temp electric 
block and are corrected. Spectra were recorded on Perkin-Elmer model 337 
IR, Beckman DK-2A UV, Aminco-Bowman 4-8106 fluorescence, and Varian 
A-60-A NMR spectrometers. Tetramethylsilane was used as the internal ref- 
erence in NMR measurements. Microanalyses were performed by Spang Mi- 
croanalytical Laboratory, Ann Arbor, Mich. 


I-Isothiocyanato-9-fluorenone (11)-A mixture of 1 g (0.005 
mole) of l-amino-9-fluorenone, 0.26 g (0.0026 mole) of calcium car- 
bonate, 0.4 ml(O.005 mole) of thiophosgene, and 300 ml of benzene 
was treated in a similar manner as in the preparation of I. The 
solid was recrystallized from acetone to give 0.46 g (38%) of a yel- 
low powder, mp 135-136.5O; IR (KBr): 2100 (broad, NCS), 1680 


c 3.73), 284 (sh, 4.35). 268 (sh, 4.49), 252 (4.55), and 216 (4.64) nm; 
NMR (CDCls): d 6.96-7.99 (m, aromatic H). 


Anal.-Calc. for C14H7NOS: C, 70.86; H, 2.98; N, 5.90; S, 13.51. 
Found: C, 70.91; H, 3.06; N, 5.08; S, 13.61. 
N-Benzyl-N'-(9-oxo-l-fluorenyl)thiourea (111)-A mixture 


of 0.15 g (0.0006 mole) of 11, 0.08 g (0.0007 mole) of benzylamine, 
and 30 ml of benzene was refluxed for 1.5 hr. Air evaporation of 
the solution yielded 0.1 g (45%) of a reddish-orange granular pre- 
cipitate. It was recrystallized from ethanol-water, mp 184-185O; 
IR (KBr): 3270 and 3170 (secondary NH), 1650 (C=O), and 1570 
and 1520 (aromatic) crn-'; UV X!&Oho": 280 (sh, log t 
4.11), 260 (sh, 4.41), and 251 (4.46) nm; NMR [(CD&SO]: d 4.78 
(d, 2, J = 6 Hz, CHzCsH5, 7.20-7.75 [m, 13 (12 aromatic H, 1 ex- 
changeable NH)], and 9.55 (broad s, 1, NH). 


Anal.-Calc. for C21H1&0S: C, 73.22; H, 4.69; N, 8.13. Found: 
C, 73.27; H, 4.79; N, 8.08. 
N-Carboxymethyl-N'-(9-oxo-l-fluorenyl)thiourea (1V)-A 


solution of 0.15 g (0.0006 mole) of I1 in 30 ml of acetone and 0.048 g 
(0.0006 mole) of glycine in 10 ml of 0.1 M NaHC03 was refluxed 
for 1.5 hr. The solution was cooled and a white precipitate was re- 
moved by filtration. The filtrate was adjusted to pH 4.0 with 10% 
HCI and was extracted with ether until the aqueous portion was al- 
most colorless. The ether solution (dried over sodium sulfate) was 
evaporated, and the residue was recrystallized from acetone-water 
to give 0.12 g (60%) of an orange precipitate, mp 203.5-205" dec.; 
IR (KBr): 3300 (secondary NH), 1705 (COOH), 1645 (C=O), and 
1580 and 1510 (aromatic) cm-'; UV 280 (sh, log c 4.27) and 
253 (4.63) nm; NMR [(CD3)zSO]: 6 4.28 (d, J = 5 Hz, 2, CH2), 
7.22-8.50 (m, 7, aromatic H), 9.24 ( s ,  1, NH), and 10.02 (s, 1, 
COOH). 


Anal.-Calc. for C ~ ~ H ~ ~ N Z O ~ S :  C, 61.52; H, 3.88; N, 8.97. Found: 
C, 61.72; H, 3.92; N, 9.00. 
4-Isothiocyanato-9-fluorenone (V)-Compound V was pre- 


pared from 4-amino-9-fluorenone in a similar manner as for 11. A 
yield of 1.02 g (85%) was obtained from recrystallization from ace- 
tone-water, mp 140-141'; IR (KBr): 2100 (broad, NCS), 1690 . 
(C=O), and 1570 and 1560 (aromatic) cm-'; UV 286 
(sh, log c 4.33), 271 (4.51), 248 (4.541, and 217 (4.87) nm; NMR 
(CDC13): d 7.30-8.00 (m, aromatic H). 


Anal.-Calc. for C14H7NOS: C, 70.86; H, 2.98; N, 5.90; S, 13.51. 
Found: C, 70.81; H, 2.97; N, 5.89; S, 13.36. 
l-Isothiocyanato-4-methyl-9-fluorene (V1)-A mixture of 1 


g (0.0048 mole) of l-amino-4-methyl-9-fluorenone (7), 0.24 g 
(0.0024 mole) of calcium carbonate, 0.4 ml (0.005 mole) of thio- 
phosgene, and 300 ml of toluene (dried over calcium hydride) was 
refluxed for 4 hr under the conditions used for preparing I. The fil- 
trate was air evaporated in the hood, and the precipitate was re- 
crystallized from acetone-water, affording 0.91 g (65%) of VI, mp 
128-129O; IR (KBr): 2050 (broad, NCS), 1670 (C=O), and 1580, 
1560, and 1540 (aromatic) cm-'; UV A$::'"": 284 (sh, log c 
4.06). 253 (4.39). and 217 (4.46) nm; NMR (CDC13): 8 2.49 ( s ,  3, 
CHs) and 6.75-7.70 (m, 6, aromatic H). 


(C=O), and 1580 and 1560 (aromatic) cm-'; UV Xk~~h"'):  340 (1 og 
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Anal.-Calc. for ClsHsNOS: C, 71.68; H, 3.62; N, 5.57; S, 12.76. 
Found: C, 71.58 H, 3.63; N, 5.48; S, 12.64. 
N-Benzyl-N'-(4-methy1-9-0~0- 1Xluorenyl)thiourea (VI1)- 


A mixture of 0.15 g (0.0006 mole) of VI, 0.08 g (0.0007 mole) of 
benzylamine, and 30 ml of benzene was refluxed for 1.5 hr. Air 
evaporation of the solution yielded 0.124 g (58%) of VII, which was 
recrystallized from acetone-water, mp 178-179O; IR (KBr): 3300 
(secondary NH), 3020 (aliphatic CH), 1670 (C=O), and 1620 and 
1550 (aromatic) cm-'; UV X~~:ho": 282 (sh, log t 3.92) and 
254 (plateau, 4.40) nm; NMR [(CD3)2SO]: 8 4.80 (d, J = 6 Hz, 2, 
CH2CsHb), 7.21-8.44 (m, 11, aromatic H), 9.47 (t, 1, NH), and 
10.03 (broads, 1, NH). 


Anal.-Calc. for C22H1BN20S: C, 73.71; H, 5.07; N, 7.82. Found 
C, 73.66; H, 5.06; N, 7.82. 
2-Isothiocyanato-9-acridone (VII1)-A mixture of 0.18 g 


(0.00086 mole) of 2-amino-9-acridone (8), 0.05 g (0.0005 mole) of 
calcium carbonate, 1 ml (0.013 mole) of thiophosgene, and 200 ml 
of toluene (dried over calcium hydride) was refluxed for 3 hr. The 
toluene was air evaporated in the hood. Then the residue, recrys- 
tallized from tetrahydrofuran, afforded 0.12 g (54%) of yellow- 
green plates, mp 338-340° dec.; IR (KBr): 3300 (NH), 2120 (broad, 
NCS), 1630 (C=O), and 1590,1570, and 1520 (aromatic) cm-'; UV 


327 (log c 4.23), 314 (4.11), 293 (4.77), 247 (4.55), and 
222 (4.35) nm. 


Anal.-Calc. for C14HsNZOS: C, 66.64; H, 3.20: N, 11.11. Found: 
C, 66.70; H, 3.45; N, 10.77. 
N-(l-Butyl)-N'-(9-oxo-2-acridanyl)thiourea (1X)-A mix- 


ture of 0.5 g (0.002 mole) of VIII and 1.5 g (0.02 mole) of n-butyla- 
mine in 300 ml of tetrahydrofuran was refluxed for 0.5 hr. The sol- 
vent was evaporated to dryness, and the residue was recrystallized 
from absolute alcohol to give 0.54 g (78%) of a yellow fluffy pow- 
der, mp 255' dec.; IR (mineral oil): 3050-3260 (broad, NH), 1635 
(C=O), and 1600 and 1550 (aromatic) em-'; UV X!,$2'"'): 285 (log 
t 4.61), 2.57 (4.68), and 213 (4.49) nm; NMR [(CDs)zSO]: 8 0.98 (t, 
J = 7 Hz, 3, CH3), 1.25-2.02 (m, 4, CH2), 3.33-3.85 (m, 2, CHz), 
7.17-8.38 [m, 8 (7 aromatic H and 1 exchangeable H), NH], 9.61 
(broad s, 1, NH), and 12.12 (broad s, 1, NH). 


Anal.-Calc. for C18H19N30S: C, 66.42; H, 5.90; N, 12.91. 
Found: C, 66.31; H, 5.96; N, 12.68. 
N-Phenyl-N'-(g-acridinyl)thiourea (X)-A solution of 0.5 g 


(0.0022 mole) of 9-isothiocyanatoacridine (9) and 0.25 g (0.0027 
mole) of aniline in 100 ml of absolute alcohol was refluxed for 1 hr. 
The precipitate was filtered and washed with cold alcohol. Recrys- 
tallization from absolute alcohol afforded 0.63 g ( 9 p )  of product, 
mp 178-180O; IR (KBr): 3270 (secondary nfH), 1630, 1560, and 
1530 (aromatic) cm-'; UV X!&:h"": 268 (log t 4.61) and 241 (4.65) 
nm; NMR [(CD3)2SO]: 6 6.98-8.58 (m, aromatic H). 


Anal.-Calc. for C ~ O H ~ ~ N ~ S :  C, 72.91; H, 4.60; N, 12.76. Found: 
C, 72.93; H, 4.68; N, 12.81. 
N-Carboxvmethvl-Nt49-acridinvl)thiourea (XI)-A modi- 


fied literature procedure (10) was followed. A solution of 1.9 g 
(0.008 mole) of 9-isothiocyanatoacridine (9) in 100 ml of pyridine 
and 0.48 g (0.0064 mole) of glycine in basic water (20 ml of water 
adjusted to pH 9 with 1 N NaOH) was stirred and heated at  60' 
(water bath). The solution was maintained a t  pH 8-9 by adding 1 
N NaOH dropwise until base consumption ceased (about 10 ml). 
Heating was continued for 0.5 hr longer. The excess isothiocyana- 
toacridine was extracted with benzene and the benzene extracts 
were discarded. The benzene content of the aqueous layer was re- 
duced by air evaporation, and an equivalent of hydrochloric acid 
was added to precipitate crude XI. The precipitate was collected, 
dried, and recrystallized from methanol to give 1.3 g (55%) of prod- 
uct, mp 182-183'; IR (KBr): 3300 (secondary NH), 1720 (C=O), 
and 1630, 1590, and 1525 (aromatic) cm-l; UV X ~ ~ c , " h " ' ) :  284 (sh, log 
t 3.88), 253 (4.65), and 217 (4.30) nm; NMR [(CD&SO]: 6 4.28 ( s ,  
2, CHz) and 7.01-8.68 (m, 8, aromatic H). 


Anal.-Calc. for C16H13N302S: C, 61.71; H, 4.22; N, 13.50. 
Found C, 61.53; H, 4.24; N, 13.34. 
N,N-Diethyl-N'-(9-acridinyl)thiourea (XII)-A mixture of 


0.14 g (0.0019 mole) of diethylamine and 0.5 g (0.0022 mole) of 9- 
isothiocyanatoacridine (9) in 100 ml of absolute alcohol was heated 
in a 60° water bath for 1 hr with occasional stirring. The solution 
was concentrated by air evaporation. Filtration and recrystalliza- 
tion of the precipitate from absolute alcohol afforded 0.51 g (76%) 
of a silky yellow precipitate, mp 184.5-186'; IR (KBr): 3080, 2980, 
and 2940 (aliphatic CH) and 1620, 1580, and 1520 (aromatic) cm-*; 


UV X!$:''": 285 (sh, log t 4.24), 242 (4.67), and 220 (sh, 4.59) 
nm; NMR [(CD3)2SO]: 8 1.24 (m, 6, CH3), 3.72 (q, 4, CHz), 6.99- 
8.20 (m, 8, aromatic H), and 11.4 (s, 1, NH). 


Anal.-Calc. for C18H19N3S: C, 69.86; H, 6.20; N, 13.58. Found: 
C, 69.74; H, 6.18; N, 13.55. 
N-(9-Acridiny1)thiourethane (XII1)-A solution of 0.5 g 


(0.0022 mole) of 9-isothiocyanatoacridine (9) in 50 ml of absolute 
alcohol was treated with 10 ml of 10% HCl (aqueous). The solution 
was left a t  room temperature overnight, and a yellowish-orange 
precipitate was obtained. Recrystallization from acetone afforded 
0.3 g (50%) of product as the hydrochloride salt, mp 138-140°; IR 
(KBr): 2800 (broad, HCl), 1590 and 1550 (aromatic), and 1220 
(C=S) cm-'; UV XE?zhol): 252 (log e 5.17) nm; NMR [(CD3)2SO]: 
8 1.40 (t, J = 7 Hz, 3, CH3), 4.62 (4, J = 7 Hz, 2, CH2), and 7.56- 
9.58 (m, 8, aromatic H).  


Anal.-Calc. for C16H14N20S - HC1: c ,  60.27; H, 4.75; N, 8.79. 
Found: C, 60.54; H, 4.77; N, 8.70. 
1-(9-Acridinyl)-4-benzyl-2-thiohydantoin (XIV)-The inter- 


mediate N- [a-benzyl(carboxymethyl)]-N'- (9-acridiny1)thiourea 
was prepared from 2 g (0.0085 mole) of 9-isothiocyanatoacridine 
(9), 0.7 g (0.0042 mole) of phenylalanine, and 10 ml of 1 N NaOH 
in a similar manner as for XI. A mixture of crude thiourea com- 
pound and 15 ml of acetic acid, saturated with hydrogen chloride 
gas, was stirred at  room temperature for 6 hr in a stoppered erlen- 
meyer flask. The mixture was evaporated to dryness in uacuo; the 
residue, recrystallized from methanol, afforded 0.45 g (13%) of 
product, mp 176-178"; IR (KBr): 3320 (secondary NH), 1730 
(C=O), and 1640, 1590, and 1530 (aromatic) cm-1; UV 
253 (log e 4.80) nm; NMR [(CD&SO]: 8 3.14 (d, J = 6 Hz, 2, CH2), 
5.20 (d, J = 6 Hz, 1, CH), 6.84-8.36 (m, 13, aromatic H),  and 9.16 
(s ,  1, NH). 


Anal.-Calc. for C23H17N30S H20: C, 68.80; H, 4.78; N, 10.47. 
Found: C, 68.55; H, 4.72; N, 10.44. 
2-Thiono-3-(9-acridinyl) - 4-oxo-1,3-diazabicyclo[3.3.0]oc- 


tane (XV)-A solution of 2.5 g (0.022 mole) of proline in 35 ml of 
Na2HP04-H3P04 buffer (pH 9.0) was treated with 1 g (0.0042 
mole) of 9-isothiocyanatoacridine (9) in 35 ml of dioxane. The 
reaction mixture was stirred a t  room temperature for 10 hr and fil- 
tered. The filtrate was extracted with 10 100-ml portions of ethyl 
acetate (organic extracts were discarded), and the aqueous phase 
was made acidic with acetic acid until precipitation ceased (about 
15 ml). Then the precipitate was filtered and dried in a vacuum 
desiccator t o  give the crude thiourea derivative. A mixture of the 
crude material and 10 ml of anhydrous acetic acid saturated with 
hydrogen chloride gas was stirred a t  room temperature for 10 hr in 
a stoppered erlenmeyer flask. The excess acid was evacuated in 
uacuo, and the remaining viscous material was recrystallized from 
methanol t o  give 0.21 g (15%) of product, mp 191-193O; IR (KBr): 
2970 (aliphatic CH), 1720 (C=O), and 1630 and 1570 (aromatic) 
cm-'; UV 256 (log c 4.77) and 223 (sh, 4.48) nm; 
NMR [(CD3)2SO]: 6 1.40-2.12 (m, 6, CHz), 3.75 (m, 1, CH), and 
7.54-8.71 (m, 8, aromatic H). 


Anal.-Calc. for C19HIsN30S - 0.5Hz0: C, 66.64; H, 4.72; N, 
12.27. Found: C, 66.40; H, 4.97; N, 12.45. 
4-Isothiocyanatobenzophenone (XV1)-A suspension of 10 g 


(0.042 mole) of 4-aminobenzophenone hydrochloride in 150 ml of 
chloroform was stirred with 50 ml of aqueous sodium hydroxide 
(6.12 g, 0.053 mole) solution until 4-aminobenzophenone dissolved 
in chloroform. The mixture was cooled to O', and 6.14 g (0.053 
mole) of thiophosgene was added a t  once. Stirring was continued 
for 3 hr a t  0" and then for 1.5 hr under reflux. The chloroform 
layer was removed, dried, and evaporated to dryness in uucuo. The 
crude product was kept in a vacuum desiccator over phosphorus 
pentoxide and potassium hydroxide and then was recrystallized 
from petroleum ether (bp 60-75') (charcoal). The yield was 8.6 g 
(82.5%) of light-yellow crystals, mp 81-82"; IR (mineral oil): 2100 
(NCS) and 1640 (C=O) cm-'; NMR (CDC1.1): 8 7.22-7.89 (m, aro- 
matic H). 


Anal.-Calc. for C14H9NOS: C, 70.27; H, 3.79; N, 5.85. Found: C, 
70.49; H, 3.93; N, 6.15. 
N-Benzyl-N'-(4-benzophenone)thiourea (XVI1)-A solution 


of 2 g (0.0084 mole) of 4~isothiocyanatobenzophenone and 4.5 g 
(0.042 mole) of benzylamine in 10 ml of alcohol was refluxed for 2 
hr. Excess ethanol was removed, and crystallization of the product 
was initiated by adding a few drops of water and cooling. The yield 
was 2.3 g (79%), mp 125-127'. Recrystallization from chloroform- 
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petroleum ether (bp 60-75') gave 2.1 g, mp 127-128O; IR (mineral 
oil): 3400 and 3030-3200 (NH), 1640 (C=O), and 1190 (C=S) 
cm-I; NMR (CDC13): 6 4.88 (d, J = 5 Hz, 2, CHz), 6.87 (m, 1, NH), 
7.32-7.83 (m, 14, aromatic H), and 8.76 (broad s, 1, NH). 


Anal.-Calc. for Cz1H1SNzOS: C, 72.81; H. 5.23; N, 8.08. Found: 
C, 72.61; H, 5.21; N, 7.86. 


2-Anilino-5-nitrobenzyl Chloride (XVII1)-A solution of 10 g 
(0.039 mole) of 2-anilino-5-nitrobenzoic acid (11) and 8 g (0.038 
mole) of phosphorus pentachloride in 160 ml of benzene was re- 
fluxed on a water bath for 1 hr. The solution was treated with 
charcoal and filtered while still warm. Petroleum ether (bp 30- 
45') was added to the filtrate. The product crystallized as yellow 
crystals, yielding 8.7 g (80.5%). Two recrystallizations from ben- 
zene-petroleum ether afforded an analytical sample, mp 157-158O; 
IR (mineral oil): 3300 (NH), 1710 (C=O), and 1620, 1600, and 
1580 (aromatic) cm-'; NMR (CDC13): 6 6.99-9.22 (m, 8, aromatic 
H) and 9.73 (broad s, 1, NH). 


Anal.-Calc. for C13H&IN203: C, 56.44; H, 3.28; C1, 12.81; N, 
10.12. Found: C, 56.56; H, 3.31: C1,12.74; N, 10.09. 
2-Nitro-9-[2-(diethylamino)ethylamino]acridine Hydro- 


chloride (X1X)-A literature procedure (12) was modified and 
applied. To a solution of 5 g (0.018 mole) of XVIII in 100 ml of 
warm benzene, 2.1 g (0.018 mole) of N,N-diethylethylenediamine 
was added and the solution was refluxed for 30 min. Then 6 ml 
(0.065 mole) of phosphorus oxychloride was introduced and reflux- 
ing was continued on an oil bath for 2 hr. Cooling caused the crude 
product (mp 220') to separate from solution. It was collected on a 
filter, washed with benzene, and recrystallized from ethanol (400 
ml) to give 6.2 g (92%) of yellow needles, mp 223-224'; IR (mineral 
oil): 3260 (NH), 1640 and 1580 (aromatic), and 1530 and 1330 
(NOz) cm-'; NMR [(CD&SO]: 6 1.30 (t, J = 7 Hz, 6, CH3), 3.05- 
3.80 (m, 8, CHz), 7.13-8.72 (m, 7, aromatic HI., 9.40 (broad s, 1, 
HCI), and 10.58 (broad s, 1, NH). 


Anal.-Calc. for C1gH22N402. HCI: C, 60.88; H, 6.18; Q9.46;  N, 
14.94. Found: C, 60.94; H, 6.19; C1,9.47; N, 14.94. 
2-Amino-9-[2-(diethylamino)ethylamino]acridine Monohy- 


drate  (XX)-A mixture of 4.1 g (0.011 mole) of XIX, 8.8 g (0.039 
mole) of stannous chloride dihydrate, and 10 ml of concentrated 
hydrochloric acid was refluxed on an oil bath for 1 hr. The solution 
was made alkaline by the addition of 100 ml of 5 M sodium hy- 
droxide and kept warm until the stannous hydroxide dissolved. A 
product separated as a yellow oil, which solidified after cooling. 
The solid was collected on a filter and washed with sodium hy- 
droxide solution and then with water. The yield was 3.1 g (86.4%), 
mp 127'. Recrystallization from benzene (charcoal)-petroleum 
ether (bp 30-45') gave 2.4 g (67%) of silvery-white crystals, mp 
127-128O. A second recrystallization gave an analytical sample, mp 
127-129'; IR (mineral oil): 3360, 3300, 3240, and 3180 (NH) and 
1640,1600, and 1580 (aromatic) cm-I; NMR (CDC13): 6 0.98 (t, J = 
7 Hz, 6, CH3), 2.32-2.68 (m, 6, CH2), 3.33 (t, J = 6 Hz, 2, CHz), 
3.53 ( s ,  2, NHz), 6.55-7.34 [m, 9 (7 aromatic H and 2 exchangeable 
H), HzO], and 8.00 (broads, 1, NH). 


Anal.-Calc. for C19H24N~ - H20: C, 69.91; H, 8.03; H~0,5.52; N, 
17.16. Found: C, 69.98; H, 7.95; H~0,5.36; N, 17.23. 


2-Isothiocyanato - 9-[Z-(diethylamino)ethylamino]acridine 
Hydrochloride (XX1)-To a solution of 3.1 g (0.0095 mole) of 
XX in 50 ml of acetone, 1.15 g (0.01 mole) of thiophosgene was 
added and the solution was refluxed for 1.5 hr. The light-brown so- 
lution was filtered, and petroleum ether (bp 30-45') was added to 
the filtrate to obtain 3.35 g (83%) of light-yellow product, mp 
164-168' dec. Recrystallization from chloroform (charcoal)-ether 
gave 3 g (74.5%) of white product, mp 167-168'; IR (mineral oil): 
3280 (NH), 2070 (NCS), and 1650 and 1580 (aromatic) cm-'; NMR 
(CDClB): 6 1.45 (t, J = 7 Hz, 6, CH3), 3.10-3.43 (m, 6, CHz), 3.90 
(m, 2, CHd, 7.02-7.90 [m, 9 (7 aromatic H and 2 exchangeable H), 
HzO], 8.99 (broads, 1, HCI), and 9.76 (broad s, 1, NH). 


HCI . 1.5H20: C, 58.03; H, 6.33; 
C1, 8.56; HzO, 6.53; N, 13.53; S, 7.75. Found: C, 58.11; H, 6.32; C1, 


N - Benzyl - N - [9-[2-(diethylarnino)ethylamino]-Z-acridin- 
yllthiourea (XXII)-To a solution of 0.42 g (0.001 mole) of 
XXI in 4 ml of ethanol, 0.21 g (0.002 mole) of benzylamine in 2 ml 
of alcohol was added and the mixture was refluxed in a water bath 
for about 10 min. The mixture was cooled and a few drops of ether 
were added. The yield was 0.38 g (82.5%) of white crystals, mp 
172'. Recrystallization from alcohol gave a melting point of 172- 


Anal.-Calc. for C ~ O H ~ ~ N ~ S  


8.69; H~0,6.41;  N, 13.56; S, 7.69. 


173'; IR (mineral oil): 3290 and 3140 (NH), 1650, 1600, and 1580 
(aromatic), and 1075 (C=S) cm-'; NMR [(CD&SO]: 6 1.00 (t, J = 
7 Hz,6,CH3), 2.39-2.72 (m,6,CH2),3.24-3.47 (m, 2,CH2),4.88 (d, 
J = 6 Hz, 2, C&C&,), 7.00-7.77 (m, 12, aromatic H), 8.33 (m, 3, 
NH and H20), 9.56 (s,  1, NH), and 9.60 (s, 1, NH). 


Anal.-Calc. for C Z ~ H ~ ~ N ~ S  - H20: C, 68.18; H, 6.99; H20, 3.79; 
N, 14.72; S, 6.74. Found: C, 68.26 H, 6.93; HzO, 3.75; N, 14.69; S, 
6.78. 
9-(4-Nitrobenzyl)acridine (XXII1)-This compound was pre- 


pared from 9-benzylacridine according to Hunters and Shaw (13). 
mp 217-218O [lit. (13) mp 195-198'1; IR (mineral oil): 1540 (NOz) 
and 1600 (aromatic) cm-'; NMR (CDC13): 6 5.07 ( s ,  2, CH2) and 
7.5-8.2 (m, 12, aromatic H). 


Anal.-Calc. for CzoH14Nz02: C, 76.42; H, 4.49; N, 8.91. Found: 
C, 76.22; H, 4.37; N, 8.96. 
9-(4-Aminobenzyl)acridine (XX1V)-A solution of 1.7 g 


(0.0057 mole) of XXIII in 200 ml of 95% alcohol and 4.51 g (0.02 
mole) of stannous chloride in 10 ml of concentrated hydrochloric 
acid was refluxed for 1 hr on a water bath. The solvent was re- 
moved in uacuo, and the residue was neutralized with 10% sodium 
hydroxide. The precipitate was collected on a filter, washed with 
water, and recrystallized from alcohol. The yield was 1.26 g (€lo%), 
mp 231-233'; IR (mineral oil): 3430 (NH) cm-'; NMR (CDC13): 6 
3.25 (s, 2, NHz), 4.65 ( s ,  2, CHz), and 6.2-8.1 (m, 12, aromatic H). 


Anal.-Calc. for C Z O H ~ ~ N Z :  C, 84.48; H, 5.67; N, 9.85. Found: C, 
84.31; H, 5.74; N, 9.90. 
9-(4-Isothiocyanatobenzyl)acridine (XXV)-In 150 ml of ac- 


etone was dissolved 1 g (0.0034 mole) of XXIV, and 0.77 ml (0.01 
mole) of thiophosgene was added at  once. The solution was re- 
fluxed for 1 hr. The light-yellow solid was collected and washed 
with acetone, yielding 1 g (77%), mp 217-220° dec. One gram 
(0.0027 mole) of hydrochloride was dissolved in chloroform and 
converted to the free base by shaking with 10% ammonia. The 
chloroform was evaporated and the residue was recrystallized from 
cyclohexane to afford 0.7 g (79% yield) of product, mp 156-157'; 
IR (mineral oil): 3300 (NH) and 2120 (broad, NCS) cm-'; NMR 
(CDC13): 6 4.81 (s, 2, CHp) and 6.82-8.1 (m, 12, aromatic H). 


Anal.-Calc. for C21H14NzS: C, 77.28; H, 4.32; N, 8.58. Found: C, 
77.23; H, 4.34; N, 8.53. 
9-(4-Nitro-a-methylbenzyl)acridine (XXV1)-A solution of 


2.5 g (0.0088 mole) of 9-(a-methylbenzyl)acridine (14) in 10 ml of 
10 N nitric acid was heated to 60' for 10 min. The mixture was 
cooled and the solid was collected to yield 3 g of the nitrate of 
starting material, mp 165-168'. The product was dissolved in con- 
centrated sulfuric acid (20 ml), which resulted in a rise in tempera- 
ture to 50'. The solution was cooled, poured over ice, and made al- 
kaline with concentrated ammonia. The resultant solid was col- 
lected, dissolved in alcohol (70 ml), decolorized with activated 
charcoal, and precipitated by addition of water (30 ml). The yield 
was 1.5 g (52%) of product, which was recrystallized from alcohol, 
mp 171-172'; IR (mineral oil): 1580 (NOz) cm-'; NMR 


and 7.41-8.33 (m, 12, aromatic H). 
Anal.-Calc. for C~lH16N202: C, 76.81; H, 4.91; N, 8.53. Found: 


C, 76.66; H, 4.97; N, 8.64. 
9-(4-Amino-a-methylbenzyl)acridine (XXVI1)-A solution 


of 1.69 g (0.005 mole) of XXVI in 250 ml of alcohol and 1.5 g (0.02 
mole) of stannous chloride in 10 ml of concentrated hydrochloric 
acid was refluxed for 45 min. The solvent was removed in uacuo 
and the residue was neutralized with 10% sodium hydroxide. The 
precipitate was collected on a filter, washed with water, and re- 
crystallized from 75% alcohol. The yield was 1.1 g (75%) of XXVII, 
mp 190-191'; IR (mineral oil): 3425, 3310, and 3180 (NH) and 
1630, 1590, and 1520 (aromatic) cm-'; NMR ((CD3)zSOI: 6 1.96 (d, 
J = 7 Hz, 3, CH3), 3.49 (s, 2, NHz), 5.67 (q,J = 7 Hz, 1, CH), and 
6.55-8.31 (m, 12, aromatic H). 


Anal.-Calc. for C21H18N2: C, 84.53; H, 6.08; N, 9.39. Found: 
84.37; H, 6.12; N, 9.42. 
9-(4-Isothiocyanato-a-methylbenzyl)acridine (XXVII1)- 


To a solution of 0.75 g (0.0027 mole) of XXVII in 7 ml of acetone, 
0.77 ml (0.01 mole) of thiophosgene was added at  once. The solu- 
tion was refluxed for 1 hr. The yellow solid was collected on a filter 
and washed with dry acetone to yield 0.9 g of solid. The solid was 
dissolved in chloroform and converted to the free base with 10% 
ammonia. The yield was 1 g (70%) of product, mp 110-114'; IR 
(mineral oil): 2120 (broad, NCS) cm-'; NMR (CDCI3): 6 2.02 (d, J 


[(CD3)2SO]: 6 2.02 (d, J = 7 Hz, CHB), 6.33 (4, J = 7 Hz, 1, CH), 
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Table I-Fluorescence Properties 
~ 


Activation/ 
Compound Fluorescence Relative 


Number or Source PH5 Wavelengths, nm Fluorescenceb COmpo& 


Fluorenonee 


-C 6.8 460/525 0.14 
I1 
I11 
IV 


NCS 
NHCSNHCHzCsHS 
NHCSNHCHz- 


H 
COOH 


3.0 
11.0d 
10. Od 


V 5.9 300/545 0.00026 
NHz 


NHCSNHCHzCsHs 
NCS 


Ref. 7 
VI 
VII 


5 . 9  
5 . 9  
5.9 


Acridones 


R& H 


R 
R 
NHz 
NCS 
NHCSNHCIHO 


-8 9.0 
Ref. 8 8.0 


VIII 12.5 
IX 9.0 


0 


400/425, 440 4.33 
240/530 0.67 
400/470, 480 0.49 
400/470 0.039 


Benzophenones 


R _. - 
NH, 
NCS 
NHCSNHCH~C~H~ 


260/420 
257/420 
302/405 


0.0021 
0.0010 
0.0020 


-c 5 . 0  
XVI 7.0 
XVII 2.0 


Acridines 


Ri 
KHz 
c1 


Rz 
iT 
H 
H 
H 
H 
H 


H 
H 


H 


270/440, 460 2.64 
270/440 0.088 
410/440, 460 0.67 
410/440, 460 0.013 
400/440, 460 0.30 
400/460 0.084 


270/470 
400/440 


6.9 
3.0 
1.0 
1.0 
1.0 
3.0 


Ref. 9 
Ref. 9 


X 
XI 
XI1 1.0 
XI11 3.0 


XIV 3.0 260/460 0.058 


0 ?L I 0.046 


0.0033 


0.0016 


0.086 
0.20 


0.041 


0.17 


H xv 12.5 400/490 


NCS XXI 12.5 370/485 


NHCSNH XXII 12.5 330/500 
I 


CsHdH2 
CHz-CsH4-NH2 H 
CHI-CsH,-NCS H 
CHa 


XXIV xxv 3.0 
7.0 


350/480 
360/430 


~H--C~H~--NHZ H 
CHI 
I 


XXVII 7.1 360/470 


kH-CsH4-NCS H XXVIII 8.0 365/430 
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Table I-(Continued) 


Activation/ 
Compound Fluorescence Relative 


Cnmpound Number or Source PHa Wavelengths, nm Fluorescence* 


2-Methoxy-6-chloroacridines k 


R ~ 


NHCH~CH~-- 
C OH,-N Hz 


NHCHzCHz- 
CeHd-NCS 


NHCHzCH&Hz- 
CeHd-NCS 


xxx 2.0 440/500 


XXXI 11.0 270/490 


XXXIV 11.0 430/500 


0.27 


0.03 


0.40 


Compounds were measured in absolute alcohol-aqueoua solutions (1 : 1) except where noted. Values given for pH are those of the aqueous solutions at maxi- 
Compounds mal fluorescence. * Relative fluorescence iu relative to a 1.60 X 10-0 M solution of fluorescein isothiocyanate at pH 10. 


measured in dioxane-aqueous solutions. Eastman Organic Chemicals. 
Aldrich Chemical Co. 


= 7 Hz, 3, CH3), 5.71 ( q , J  = 7 Hz, 1, CH), and 7.18-8.38 (m, 12, ar- 
omatic H). 


Anal.-Calc. for CzzH16NzS: C, 77.63; H, 4.74; N, 8.23. Found: C, 
77.58; H, 4.84; N, 8.23. 


2-Methoxy-6-chloro-9-[ 2-(4-nitrophenyl)ethylamino]acri- 
dine (XX1X)-One gram (0.0029 mole) of 2-methoxy-6-chloro-9- 
phenoxyacridine was dissolved in 4 g of phenol a t  80'. Then 0.78 g 
(0.0042 mole) of 2-(4-nitrophenyl)ethylamine hydrochloride was 
added to the solution, which was heated at  140' for 7 hr. The mix- 
ture was cooled and poured into ether (10 ml), and the hydrochlo- 
ride of XXIX was collected. The yield was 1.5 g, mp 255-258'. The 
base was liberated with cold 5% sodium hydroxide and recrystal- 
lized from methanol to give 1 g (82%) of yellow crystalline XXIX, 
mp 150-151'; IR2: 3300 (NH) and 1320 (NOz) cm-'; NMR 


= 7 Hz, 2, CHz), and 7.21-8.38 [m, 11 (10 aromatic H and 1 ex- 
changeable H), NH]. 


Anal.-Calc. for CzzHlsClN303: C, 64.78; H, 4.45; N, 10.30. 
Found C, 64.65; H, 4.51; N, 10.29. 


2-Methoxy-G-chloro-9-[ 2 4  4-aminophenyl)ethylamino]acri- 
dine (XXX)-A solution of 4.07 g (0.01 mole) of XXIX in 1 ml of 
methanol and 0.79 g (0.033 mole) of stannous chloride in 10 ml of 
hydrochloric acid was refluxed for 1.5 hr. The solvent was removed 
in uacuo, and the residue was neutralized with 5% sodium hydrox- 
ide to give 3 g (76%) of XXX. The product was recrystallized from 
80% alcohol as yellow crystals, mp 130-131O; IR2: 3320 (NHz) and 
1600 (aromatic) cm-'; NMR (CDC13): d 2.70 (t, 2, CHz), 3.58 (t, 2, 
CHd, 3.63 (s, 3, OCHs), 4.5 (broad s, 1, NH), and 6.16-7.62 (m, 10, 
aromatic H). 


Anal.-Calc. for CzzH2&1N30: C, 69.92; H, 5.33; N, 11.12. 
Found: C, 69.70; H, 5.43; N, 11.11. 


2 - Methoxy - 6 - chloro-9-[2-(4-isothiocyanatophenyl)ethyla- 
mino]acridine Hydrochloride (XXX1)-In 20 ml of acetone, 0.4 
g (0.001 mole) of XXX was dissolved and 0.77 ml (0.01 mole) of 
thiophosgene was added at once. The solution was refluxed for 1.5 
hr and the light-yellow precipitate was collected to yield 0.45 g 
(94%) of XXXI-HCl. It was recrystallized from methanol, mp 
184-185'; IR2: 2120 (broad, NCS) cm-'; NMR (CDC13): 6 3.15 (t, J 
= 7 Hz, 2, CHz), 3.95 (5, 3, OCH3), 4.2 (t, 2, CHz), and 7.05-8.2 (m, 
10, aromatic H). 


Anal.-Calc. for C Z ~ H ~ ~ C ~ ~ N ~ O S :  C, 60.54; H, '4.20; N, 9.21. 
Found: C, 60.31; H, 4.21; N, 9.20. 
2 - Methoxy - 6 - chloro-9-[3-(4-nitrophenyl)propylamino]ac- 


ridine (XXXI1)-A quantity of 2.18 g (0.0065 mole) of 2-me- 
thoxy-6-chloro-9-phenoxyacridine (15) was dissolved in 9 g of phe- 
nol a t  80'. Then 1.5 g (0.0065 mole) of 3-(4-nitrophenyl)propyla- 
mine hydrochloride (16) was added and heating was continued a t  
130' for 3 hr. The mixture was cooled and poured into ether (30 
ml), and a solid was collected to give 3.2 g of XXXII-HCl, mp 
229-231'. The free base was liberated with cold 10% sodium hy- 
droxide. It was recrystallized from methanol to afford 2.5 g (91%) 


[(CD3)2SO]: 6 3.18 (t, J = 7 Hz, 2, CHz), 3.94 (s, 3, OCH3), 4.10 ( t , J  


Fluorolube. 


of product, mp 122-123'; IR2: 1330 (NOz) cm-'; NMR (CDC13): d 2 
(m, 2, CHz), 2.7 (t, J = 7 Hz, 2, CHz), 3.56 (t, J = 7 Hz, 2, CHz), 
3.78 (s, 3, OCH3), and 6.90-8.0 (m, 10, aromatic H). 


Anal.-Calc. for C~3H20ClN303: C, 65.78; H, 4.78; N, 9.96. 
Found: C, 65.72; H, 4.79; N, 10.03. 


2-Methoxy - 6-chloro-9-[3-(4-isothiocyanatophenyl)propyl- 
aminolacridine (XXX1V)-A solution of 4.2 g (0.010 mole) of 
nitro compound XXXII in 800 ml of methanol and 7.44 g (0.033 
mole) of stannous chloride in 10 ml of concentrated hydrochloric 
acid was refluxed for 1.5 hr. It was refrigerated to  yield 4 g of solid 
(87%), mp 275-278'. Conversion to the free base with 5% ammonia 
and recrystallization from 75% alcohol gave XXXIII, mp 90-92O. 
This solid was used without further purification as an acetone so- 
lution (1 gl50 ml), to which l ml of thiophosgene was added at 
once. The solution was refluxed for 1 hr, and the light-yellow solid 
was collected and washed with acetone to give 1 g of XXXIV-HCl, 
mp 230-235' dec. One gram of XXXIV-HC1 was dispersed in chlo- 
roform and converted to the free base with aqueous 10% ammonia. 
The chloroform was evaporated and the residue was recrystallized 
from cyclohexane to afford 0.7 g (47%) of product as yellow nee- 
dles, mp 132-133'; IR (mineral oil): 2120 (broad, NCS) cm-'; 


XXIII: X = CH, 
XXVI: X = -CH- 


I 
CHs 


X*, I 


XXV: X = -CH2- 
XXVIII: X =-CH- 


XXIK X = -CH,- 
XXVII: X = -CH- 


I 
CH, 


I 
CH, 


Scheme I-Type A Compounds 
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C1 *OCH3 


HCI - OCH, 


C1 
XXIX: n = 2 


XXXII: n = 3 


ac1* c1 *OCH3 - 
XXX:n=2 


XXXIII: n = 3 (not isolated 
jn pure form) 


XXXI: n = 2 
XXXIV: n = 3 


Scheme II-Type B Compounds 


NMR (CDC13): 8 2.05 (m, 2, CHz), 2.70 (t, J = 7 Hz, 2, CHd, 3.65 
(t, J = 7 Hz, 2, CHz), and 7.0-8.05 (m, 10, aromatic H). 


Anal.-Calc. for C24H20ClN30S: C, 66.42; H, 4.69; N, 9.68. 
Found: C, 66.23; H, 4.61; N, 9.71. 


RESULTS AND DISCUSSION 


The synthesis of polycyclic aromatic isothiocyanates appeared 
to be an attractive approach in the search for new microanalytical 
and protein labeling reagents. As rigid conjugated unsaturated 
structures, they presented the potential, after UV activation, for 
high fluorescence with minimal loss of energy by alternative path- 
ways. 


An initial survey of compounds was based upon the availability 
of suitable intermediates for the synthesis of isothiocyanate deriv- 
atives by reaction of the corresponding amines with thiophosgene, 
as previously described for the preparation of fluorescein isothio- 
cyanate (17). Compounds I, 11, V, and XVI were prepared in this 
manner from commercially available amines. Also, VI was pre- 
pared in the same manner from its corresponding amine synthe- 
sized in the laboratories for other purposes (7), and VIII was pre- 
pared from the amine described in the literature (8). In addition, 
9-isothiocyanatoacridine was synthesized by reaction of the 9-chlo- 
ro compound with silver thiocyanate as previously reported (9). 


Previous studies with stilbene isothiocyanate (5) had indicated 
that the thiourea compounds formed by reaction of the isothiocy- 
anates with amines, such as benzylamine, served as more suitable 
models for relative fluorescence studies than the reagents per se. 
In a similar manner, the N- benzyl and other thiourea derivatives 
were prepared from the aforementioned isothiocyanates (I, 11, V, 
VI, VIII, and XVI) for comparison of fluorescence. The fluores- 
cence characteristics of the compounds of interest are summarized 
in Table I. The fluorenes were not included because they lacked 
sufficient fluorescence for reliable measurement. Since 9-isocyana- 


toacridine (9) was among the more promising of the reagents syn- 
thesized, a further series of its derivatives (X-XV) was prepared 
and their relative fluorescence is also reported in Table I. I t  he- 
came evident that  even with this more promising reagent, the de- 
rivatives of interest exhibited a considerable decrease in fluores- 
cence. 


Compound XXI was desired to examine the effect of isothiocy- 
anato a t  the 2-position and to obtain increased water solubility as 
the amine hydrochloride salt. Compound XXI was prepared by the 
condensation of XVIII with N,N-diethylethylenediamine in the 
presence of phosphorus oxychloride to form XIX. Reduction with 
stannous chloride and hydrochloric acid yielded the 2-amino com- 
pound (XX), which was reacted with thiophosgene to give XXI as 
the hydrochloride salt. However, as indicated in Table I, this com- 
pound and its N-benzylthiourea (XXII) are not intensely fluo- 
rescent. 


A study was initiated to  remove the aromatic isothiocyanate 
moiety from conjugation with the acridine nucleus so as to retain, 
and not effect, the high fluorescence of the acridines. Examples of 
the following two types of isothiocyanates (A and B) were synthe- 
sized as indicated. 


Type A compounds (XXIV, XV, XVII, and XVIII) (Scheme I) 
exhibited a moderate intensity of fluorescence (Table I). Type B 
compounds (XXX, XXXI, and XXXIV) (Scheme 11) also showed 
moderate intensity. However, they were prone to cleave a t  the 9- 
position to yield 2-methoxy-6-chloro-9-acridone. This proved to be 
an important limitation in their synthesis and subsequent use. 


Of the polycyclic compounds studied, the 9-acridine derivatives 
were the most promising reagents. Work has been most extensive 
with 9-isothiocyanatoacridine. However, its derivatives (X-XV) 
generally have a low intensity of fluorescence and use (6) depends 
upon a unique photochemical cyclization (9). 
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Use of 24-hr Urinary Excretion Data to 
Assess Bioavailability of 
Griseofulvin in Humans 


Keyphrases 0 Griseofulvin-bioavailability, use of 24-hr urinary 
excretion data, humans Bioavailability-assessment using 24-hr 
urinary excretion data, humans 


To the Editor: 


Clinical failure with griseofulvin therapy is most 
probably caused by the slow rate and low extent of 
absorption and by the appreciable intrasubject and 
intersubject variations in the bioavailability of this 
antifungal antibiotic from commercial products (1- 
3). Accordingly, in 1967, the Department of Health, 
Education, and Welfare’s Task Force on Prescription 
Drugs recommended to the Food and Drug Adminis- 
tration that bioavailability studies be initiated on 
griseofulvin products (4). However, to date, bioavail- 
ability information only exists for drug products 
manufactured by the three major producers (5-10). 
To our knowledge, the literature is devoid of such in- 
formation for any of the numerous generic products 
currently on the market. The available data indicate 
that only 50% of an oral dose of micronized griseoful- 
vin is absorbed from the three innovators’ products, 
irrespective of the type of dosage form administered, 
and that drug absorption is quite variable (5-7,9). 


After administration of a single therapeutic dose 
(500-1000 mg) of micronized griseofulvin to humans, 
plasma antibiotic levels are low (peak level of 1-3 
pg/ml) and decline to undetectable levels in approxi- 
mately 72 hr (5, 6, 10). In addition, drug absorption 
appears to occur over 30-40 hr (5-7, 9, 10). Conse- 
quently, one of the best methods for assessing single- 
dose bioavailability differences in humans among 


z I / 
0 8 0 4  
~ 


W 


r = 0.965 
p c 0.001 


1 
W 


4 


a 
LD 
1 


I- 


P 
20 40 60 80 


TOTAL 6-DESMETHYLGRISEOFULVIN EXCRETED IN 24 hr, R OF DOSE 


Figure I---Relationship between the 96- a,nd 24-hr cumulativp 
amounts of total 6-desmeth,ylgriseofulvin excreted in the urine 
after udministrution o/ a 5OO-mg oral dose of griseofulvin in  
various dosage forms to humuns. Ke.y: 0 ,  dnta from Refs. 9 niid 
11; and 0, data from Ref. 7. 


various commerical griseofulvin products is a urinary 
excretion method in which total 6-desmethylgriseo- 
fulvin (free and glucuronide conjugate), the major 
urinary metabolite, is determined (7-10). This meth- 
od requires quantitative urine collections for 72-96 
hr after drug administration. This relatively long col- 
lection period, which is based on an average biologi- 
cal half-life of 11-14 hr (5,7,9), increases the chances 
for a lack of compliance to the experimental protocol 
on the part of subjects participating in griseofulvin 
bioavailability studies. This communication de- 
scribes the results of attempts to determine if the 
bioavailability of griseofulvin could be adequately as- 
sessed from 24-hr, rather than 72- or 96-hr, total 6- 
desmethylgriseofulvin urinary excretion data. 


Figure 1 shows a plot of 96-hr uersus 24-hr cumu- 
lative urinary major metabolite excretion data ob- 
tained after single-dose (500 mg) administration of 
various griseofulvin dosage forms to human volun- 
teers. The 33 closed circles on this correlation plot 
represent the results obtained in our bioavailability 
studies after administration of micronized drug as an 
aqueous suspension, corn oil-in-water emulsion, and 
two different commercial tablets1y2 to five fasting 
subjects (9) and as capsules of the anhydrous and 
chloroform solvate forms of the drug to four different 
subjects (11). The 14 data points denoted by open 
circles were obtained from a study conducted in two 
subjects (7) in which the absorption of griseofulvin 
from experimental tablet and capsule dosage forms of 
drug-polyethylene glycol 6000 coprecipitates was 
compared with that from a commercial microcrystal- 
line drug tablet’. 


As indicated by the correlation coefficient and the 
level of significance (Fig. l ) ,  excellent agreement was 
found to exist between the 24- and 96-hr cumulative 
urinary metabolite excretion data. Moreover, the 
overall variability in excretion was similar a t  the two 
collection intervals (i.e., the pooled coefficients of 
variation were 27.9% a t  24 hr and 20.4% at  96 hr). 
The excretion data obtained by Kabasakalian et  al. 
(8) after single-dose administration to one subject of 
various griseofulvin doses and experimental tablet 
formulations under several study conditions (33 
trials) were excluded from the correlation plot (Fig. 
1) solely on the basis that only free 6-desmethylgri- 
seofulvin was recovered from the urine whereas there 
is substantial evidence that the glucuronide conju- 
gate of this metabolite is also excreted in human 
urine to an appreciable extent (7,9-11). The fact that 
consideration of their findings together with those 
previously cited (Fig. 1) also resulted in a highly sig- 
nificant correlation3 (y = 1 . 3 9 ~  + 3.31, n = 80, r = 
0.970, and p < 0.001) suggests that perhaps the com- 
position of urine in the 24-96-hr period is constant. 
These correlations are encouraging since they pro- 
vide the basis for possible utilization of 24-hr cumu- 
lative total 6-desmethylgriseofulvin excretion data as 


1 Grifulvin V, McNeil Lab. 
Fulvicin-UP, Schering Corp. 
The cumulative excretion data of Kabasakalian et al .  (8) tended to pla- 


teau in 72 hr. Estimates of 96-hr excretion values were only approximately 
2-5% higher than the reported 72-hr values. 
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an index of griseofulvin bioavailability in humans. 
Recently, Greenblatt et al. (12) suggested that the 
single-dose bioavailability of digoxin preparations 
could be assessed in humans from 1-day, rather than 
6-day, urinary excretion data. 
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Epicillin and  Ampicillin: Crystalline 
Modifications and  Their 
Physicochemical Differences 


Keyphrases 0 Epicillin-crystalline modifications, physicochemi- 
cal properties Ampicillin-crystalline modifications, physico- 
chemical properties 0 Antibiotics-epicillin and ampicillin, crys- 
talline modifications and their physicochemical differences 


To the Editor: 


Epicillin (I), a new broad spectrum semisynthetic 
penicillin, is formed by the coupling of 6-aminopeni- 
cillanic acid with D-a-amino-1,4-cyclohexadiene-l- 
acetic acid (1). Its bacteriology (2, 31, pharmacology, 
and clinical applications have been reported (4-8). 
Epicillin is similar to ampicillin (11) in antimicrobial 
activity, although epicillin may exert a significantly 
greater bactericidal activity i n  uitro against certain 
Gram-negative bacteria than does ampicillin (2). 


Although the molecular structure of epicillin dif- 
fers only slightly from that of ampicillin, the differ- 
ence being confined to the side chain, some physico- 
chemical properties of epicillin differ significantly 


Table I-X-Ray Powder  Diffraction Pa t t e rns  of Epicillin 
Anhydra t e  a n d  Epicillin Trihydrate  


Epicillin Anhydra t e  Epicillin T r ihydra t e  


cL,J IlIlb d I / I I  
1 1 . 3  0.17 11 .8  0 . 2 1  
10.7 0 . 4 9  8.0 0.11 
10 .2  0 .09  7 . 8  0 .14  


6.55 
6 . 1 5  
5 . 9 2  
5 . 6 2  
5 . 4 8  
5 .10  
4.57 
4 . 4 1  
4 . 3 2  
4 . 2 2  
4 . 1 1  
3 .95  
3 .85  
3.75 
3 . 5 1  
3 . 4 5  
3 .40  


0.06 
0 . 2 5  
0.16 
0 .22  
0 .80  
0 . 2 8  
0.04 
0 .24  
0.11 
0 . 2 0  
0 .45  
0 .62  
1.00 
0 . 1 2  
0 .14  
0 . 1 2  
0 . 2 4  


7 . 2  
5.82 
5.44 
5.13 
5.07 
4 . 9 0  
4 . 5 6  
4.47 
4.40 
4.10 
4 . 0 1  
3.95 
3 .82  
3 . 7 6  
3 . 6 0  
3 . 4 8  
3 .45  


0.88 
1.00 
0 . 2 1  
0 .25  
0 . 2 1  
0 .89  
0 .56  
0 . 2 8  
0 .24  
0 . 3 6  
0 . 4 1  
0 . 2 1  
0 . 5 0  
0 .59  
0.17 
0 .32  
0 .52  


3.35 0 . 1 2  3 . 3 2  0 . 6 1  
3 . 1 3  0.01 3 . 2 1  0.19 
3 . 0 7  0 . 3 8  3.17 0.15 
2 .96  0 . 1 2  3 . 0 8  0 .62  
2.90 0 . 1 2  3 . 0 3  0 . 2 9  
2.85 0.09 2 .97  0 .24  
2 . 8 1  0 .12  2 . 9 1  0.14 
2.76 0.11 2 .80  0 .34  
2.69 0 .11  2 .74  0 .18  
2.62 0 . 2 1  2.69 0.18 
2 . 5 8  0 . 1 2  2.66 0.16 
2 .48  0.11 
2 . 4 1  0 . 0 5  
2 . 3 0  0.11 
2 .25  0.19 


2.60 0 . 2 1  
2.58 0.25 
2 . 5 1  0 . 2 0  
2 . 2 6  0 .23  


0 Interplanar spacing in angstrom unit. b Relative intensity visual esti- 
mation, radiation; Cu/Ni (Norelco, model IC 2000, Philips Electronic Instru- 
ments, Mount Vernon, N.Y.). 


from those of ampicillin; these differences are re- 
ported herein. 


At room temperature ( 2 5 O ) ,  epicillin trihydrate is 
about four times more soluble in water than is the 
anhydrate, 17.8 and 4.1 mg/ml, respectively. In con- 
trast, ampicillin trihydrate is less soluble than is the 
anhydrate (9, lo),  7 and 10 mg/ml, respectively. In a 
study of ampicillin solubility a t  different tempera- 
tures, the solubility curves for the anhydrous and 
trihydrate forms intersected at about 50°, the transi- 
tion temperature of these two crystalline forms (11); 
in a similar study, the transition temperature was 4 2 O  
(10). No clearcut transition temperature is obtainable 
for the epicillin anhydrate-epicillin trihydrate sys- 
tem. 


There is no evidence that epicillin anhydrate is 
converted to the trihydrate in an acidic slurry, even 
when kept overnight at  5'. Under similar conditions, 


I 
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RESEARCH ARTICLES 


Synthesis and Antimalarial Activity of 
Heterocyclic Alkyl Disulfides, Thiosulfates, and 
Dithio Acid Derivatives 


WILLIAM 0. FOYE", JOSEPH J. LANZILLO, YOUNG HEE LOWE, and 
JOEL M. KAUFFMAN 


Abstract 0 Based on the antimalarial activity in mice of bis(4- 
p-acetamidobenzenesulfonamidophenyl) disulfide, a series of N- 
heterocyclic alkyl disulfides and thiosulfates was synthesized and 
screened for antimalarial activity. Several related dithio acid di- 
anions and S- blocked derivatives were also screened to provide an 
indication of the possible role that thiol anions might play in ma- 
laria chemotherapy. Activity was limited by toxicity with these 
compounds, and none of those tested, with the exception of bis(4- 
p-acetamidobenzenesulfonamidophenyl) disulfide, showed cura- 


tive activity in either a mouse or chick test. 


Keyphrases 0 Heterocyclic alkyl disulfides, thiosulfates, and di- 
thio acid derivatives-synthesis and antimalarial activity Disul- 
fides, heterocyclic alkyl-synthesis and antimalarial activ- 
ity Thiosulfates, heterocyclic alkyl-synthesis and antimalarial 
activity 0 Dithio acid derivatives-synthesis v d  antimalarial ac- 
tivity 0 Antimalarial agents, potential-synthesis, screening of 
heterocyclic alkyl disulfides, thiosulfates, dithio acid derivatives 


The ability of the disulfides of aminoalkylthiols to bis(aminoalky1) disulfides would fit those areas of the 
bind reversibly to DNA, RNA, and other nucleopro- DNA helix uncovered by histones and undergo com- 
teins has been known for some years (1). The discov- plex formation. The resulting complexes were be- 
ery of this ability led to a postulation (2), in regard to lieved to aid in restorative effects, one being a de- 
radiation protection, that many radioprotective crease in rate or temporary cessation of DNA replica- 


Table I-N-Heterocyclylethanethiols R-CHz-CH&H 


Analysis, % 


R Boiling Point (mm) n l; Yield, % Formula Calc. Found 


59-60' (1) 1.5061 78 C7Hi6NzS - r\' 
CH,-N N 


U 
- 


45-46' (1) 1.5015 83 C ~ H I ~ N S  - - 


- 0-N" 73-75O (4) 1.5053 82 CeHiaNOS - 


127-129" (1.5) 1.5783 73 CiiHi5NS C 68.29 68.62 
H 7.76 7.51 
N 7.25 7.40 
S 16.59 16.32 


c. 35-36' (1.5) 1.5033 90 C6HiaNS C 54.89 55.05 
H 10.00 9.97 
N 10.67 10.16 
S 24.43 24.16 


73O (3.5) 1.5010 78 CsHi7NS C 60.31 60.00 
H 10.79 10.50 
N 8.79 8.35 


58-59' (1.5) 1.4938 80 CsHnNS C 60.31 59.90 
H 10.79 10.60 
N 8.79 9.20 


67-71' (3.5) 1.4957 50 CsHi7NS C 60.31 60.50 
H 10.79 10.90 
N 8.79 8.46 


n 122-124O (1.5) 1.5130 71 CsHid'JzOS C 50.48 50.37 
0 NCH,CH,NH H 9.55 9.91 


N 14.72 14.71 U 


C 59.89 60.14 
H 7.76 7.85 


@cH,CH,NH N 15.37 15.59 


130-132" (0.3) 1.5676 63 CgHiaNzS 


a Reference 5. 
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Table 11-N-Heterocyclylethyl Disulfides R-CHrCH2-S-SCHt-CHZ-R 
~ 


Analysis, % 
R Salt Melting Point Yield, % Formula Calc. Found 


2HC1 


2HC1 


270-271 O 


229-230 


54 


60 


4HC1 254-255 O 24 CiiH3oNSz. 4HC1 C 36.21 
H 7.41 
N 12.06 
S 13.79 


CiiHzSNzSz. 2HC1 C 46.53 
H 8.37 
N 7.75 
S 17.73 


Ci2H24NzOzSz .2HC1 c 39.44 
H 7.19 
N 7.66 
S 17.55 


2HC1 


2HC1 


2HC1 


n L5 
1.6064 


1.5365 


1.5376 


1.5918 


227-228 ' 


235-237 O 


239-240 O 


56 


59 


73 


92 


64 


62 


43 


C 43.22 


N 8.40 
S 19.23 


C 49.31 


N 7.19 


H 7.88 


H 8.81 


C 49.31 


N 7.19 
H 8.81 


c 68.59 
H 7.54 
N 7.54 
S 16.67 
C 60.69 
H 10.21 


S 20.25 
N 8.85 


C 50.75 
H 9.07 


S 16.93 
C 59.62 
H 7.24 
N 15.46 
S 17.68 


N 14.80 


35.99 
7.46 
12.22 
14.14 
46.53 


7.92 
17.42 
39.54 
7.17 
7.42 


8.18 


17.48 
42. a8 


8.20 


49.58 


7.62 


19.45 


8.71 
7.46 


49.66 
8.59 
7.34 


68.26 


16.88 


7.39 
7.49 


60.4 
10.5 
9.05 
19.59 
50.3 
9.3 
14.7 
16.5 
59.5 
7.02 
15.09 
17.99 


tion, allowing repair to be effected before alterations 
were replicated. It is possible that this postulation 
may be of value in designing agents effective against 
malaria parasites, particularly where such com- 
pounds may bind more strongly to DNA and halt the 
replication process. 


DISCUSSION 


One compound, bis(4-p-acetamidobenzenesulfonamidophenyl) 
disulfide (I), has already been reported (3) that might act through 
such a mechanism. This compound effected a cure in one of five 
mice infected with Plasmodium berghei when administered at a 
toxic level (640 mg/kg); subsequent testing data are reported here. 
To test this idea more thoroughly, a series of N-substituted 
bis(aminoalky1) disulfides was synthesized. These compounds 
carry heterocyclic rings that should increase binding ability to nu- 
cleic acids. 


In addition, to determine whether compounds of this type act 
through the sulfur function as a thiolating agent, similar structures 
having thiosulfate groups in place of disulfide, as well as a few di- 
thio acid dianions, were prepared for comparison of antimalarial 
activity. A thiosulfuric acid derivative of quinine, in which the 


0 


thiosulfate group is located a distance of two carbons from the 
basic nitrogen, was recently synthesized and found to have greater 
activity against P. berghei KBG 173 in mice than did quinine (4). 


Compounds of the type Het-CHzCHzSX were synthesized, 
where Het refers to a reduced nitrogen-containing heterocyclic 
ring and X to either hydrogen, a disulfide, or thiosulfate function. 
The method employed for the mercaptans was mercaptoethylation 
of the heterocyclic nitrogen using ethylene monothiocarbonate (5). 
Use of an excess of amine minimized polymerization of ethylene 
sulfide. All mercaptans obtained showed the loss of NH-stretching 
peaks and the presence of the weak SH-stretching peak at  2550- 
2600 cm-'. Yields ranged from 70 to 90%. Physical data are listed 
in Table I. 


Disulfides were prepared by oxidation of the mercaptans with 
dimethyl sulfoxide and were generally isolated as the dihydrochlo- 
rides. The disulfide dihydrochlorides were obtained as oils, which 
were crystallized by trituration under anhydrous ether or ethanol. 
In a few cases the oils could not be crystallized, and the com- 
pounds were isolated as the free amines. All disulfides showed loss 
of the SH-stretching peak in the IR and gave positive nitro- 
prusside tests for a disulfide. Yields ranged from 24 to 92%. Physi- 
cal data are listed in Table II. 


Synthesis of the thiosulfuric acids was accomplished by reaction 
of the heterocyclic alkyl halides with either sodium or thallous 


0 


I 
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Table 111-N-Heterocyclylethanethiosulfuric Acids R-CHz-CHzSz03H 


Analysis, % 
R Melting Point Yield, % Formula Calc. Found 


n 
CH,N N 


U 


17 
O N  
U 


E 


n 
0 NCH,CH,NII 
U 


@($--CH,Ntl 


186-187.5" 


180-182" 


181-183" 


165-167" 


154-155" 


162.5-164" 


173-174.5" 


185-185.5" 


158-160 " 


187-188" 


24 


40 


61  


28 


54 


35 


62 


31 


30 


57 


C 34.98 
H 6 .68  
N 11.66 
S 26.68 
C 37.31 
H 6 .72  
N 6 . 2 1  
S 28.41 
C 31.70 
H 5 . 7 8  
N 6 .16  
S 28.21 
C 34 .10  
H 6 . 2 1  
N 6 . 6 3  
S 30.34  
C 48.32 
H 5 . 5 4  
N 5 .12  
C 40.14 
H 7 .17  
N 5.81 
S 26.79 
C 40.14 
H 7 .17  
N 5.81 
S 26.79 
C 40 .14  
H 7 . 1 7  
N 5 .81  
S 26.79 
C 35.52 
H 6 .71  
N 10.36 
S 23.71 
C 48.30 
H 4.73 
N 9 .39  


3 4 . 5 1  
7.44 


11.16 
26.25 
37.32 
6 .70  
6 .29  


28.20 
3 2 . 0 1  


5 .70  
6 . 1 8  


28.42 
34.24 


6 .19  
6 .60  


30.40 
48 .05  


5 . 5 3  
4.92 


40.50 
7 .31  
6 .06  


26.49 
40.42 


7.20 
6 . 0 4  


26.58 
39.89 


7 . 4 3  
5.65 


26.82 
3 5 . 4  


6 . 8  
1 0 . 2  
23.87 
48.3 


4 . 8  
9 . 3  


thiosulfate or by reaction of either the mercaptan or disulfide with 
potassium metabisulfite. 2-(2-Quinolylmethylamino)ethanethio- 
sulfuric acid and 2-(2-N-morpholinylethylamino)ethanethiosulfu- 
ric acid were prepared by treating 2-chloromethylquinoline and 
N-(2-chloroethyl)morpholine, respectively, with 2-aminoethane- 
thiosulfuric acid. The morpholine derivative was also prepared 
from the thiol by reaction with potassium metabisulfite. The thio- 
sulfates were generally water soluble and could be recrystallized. 
Characteristic peaks near 1020, 1170, and 1230 cm-I (6) were ex- 
hibited by all thiosulfates; yields ranged from 24 to 63%. Physical 
data for the thiosulfuric acids are listed in Table 111. 


The dithio acid dianions were prepared as the dipotassium salts 
using the procedure of Foye and Kauffman (7), which employed 
the condensation of carbon disulfide with substituted acetonitriles 
with tert- butoxide as the condensing agent. None of these com- 
pounds could be recrystallized or even reprecipitated. One of the 
more stable of these dimercaptoacrylonitriles, the 2-phenyl deriva- 
tive, was converted to the 4-phenyl-4-hydroxydithiolane-2-ylidene 
on condensation with a-bromoacetophenone, using the procedure 
of Campaigne and Haaf (8). This compound was dehydrated to the 
corresponding 1,3-dithiole in sulfuric acid a t  Oo, and the product 
provided an S-blocked derivative of a dithio acid dianion. Other 
derivatives of 2-cyano-3,3-dimercaptoacrylonitrile in which the 
sulfur function was blocked, e.g., with methyls or a 2,3-pyrazinyl 
group, were prepared for comparison of antimalarial activities. 
The cdrresponding quinoxaline derivative was also prepared using 
2,3-dichloroquinoxaline. 


Antimalarial testing was carried out against P. berghei in mice 
according to the method of Osdene et al. (9). Results were supplied 
by the Walter Reed Army Institute of Research. The lead com- 
pound for this series, bis(4-p-acetamidobenzenesulfonamidophen- 
yl) disulfide (I), was described as curative in this test. A sulfone 
which was submitted, 2-amino-5-thiazolyl-4-nitrophenylsulfone 


(II), was found to be active. 
Among the disulfides tested, the N-pyrrolidylethyl (V) and N -  


3-methylpiperidylethyl (VII) disulfides showed differences in 
mean survival times from those of the controls (which survived 6.1 
days) of 5.3 and 5.8 days, respectively. The corresponding thiosul- 
furic acids showed mean survival time differences of only 1.3 and 
0.2 day, respectively. The other disulfides and thiosulfuric acids, as 
well as the dithio acid dianions and their S- blocked derivatives, 
showed very little difference in mean survival time over that of the 
controls (Table IV). 


Several compounds were also evaluated for prophylactic action 
in chicks against P. gallinaceurn according to the procedure of 
Rane and Rane (10). This test was uniformly fatal to untreated 
controls in 72-96 hr. In this test the disulfide (I), curative in the 
mouse test, showed a difference in mean survival time over con- 
trols of only 0.5 day, and the active sulfone (11) gave a mean sur- 
vival time difference of only 0.4 day (Table V). 


EXPERIMENTAL' 


N-Heterocyclylethanethiols-The cyclic amines were dried 
over calcium hydride and filtered prior to use. To a refluxing solu- 
tion of the amine (0.3 mole) in 100 ml of anhydrous toluene was 


1 Melting points were determined with a Mel-Temp capillary melting- 
point block and are uncorrected. IR data were obtained using a Perkin- 
Elmer model 137B spectrometer with sodium chloride optics. NMR spectra 
were obtained with a Varian A-60 spectrometer using tetramethylsilane as 
the external or internal standard. Elemental analyses were done by F. B. 
Strauss, Oxford, England; Carol K. Fitz, Carlisle, Mass.; or Russell J. Werhy, 
Boston, Mass. TLC was carried out using silica gel, and products were de- 
tected b exposure to iodine vapor. The heterocyclic amines were obtained 
from Adrich Chemical Co., Eastman Organic Chemicals, or Fisher Scientific 
co.  
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Table IV-Antimalarial Activities in Mice. 


Number Compound 
Dose, 
mg/kg days (Test Minus Control)* 


Difference in Mean Survival Time, 


I 


I1 


I11 


IV 
V 


VI 


VII 


VIII 


IX  
X 


X I  


XI1 


XI11 


XIV 


xv 


XVI 


XVII 


XVIII 


XIX 


xx 


40 


40 
80 


2 .3  
4.9 
6 .1  (a) 
9.5 (a) 


12.9 (a) 


160 
320 
640 


A ( C H , N ~ N C H , C H , S  .IHCI ) &  640 0.4 


0.8 (t,3) 
0.6 
4.0 
4.4 
5.3 (t,3) 


n ( O-NCH~CH~) , 2  .WCI 160 


20 
40 
80 


160 


160 0.0 


40 
80 


160 
320 


0 .6  
1 . 2  
4.0 
5 .8  


( O ~ N C H , C H , N H C H ~ C H ~ S ) ~  A 
0.0 160 


320 


20 
40 


320 


160 


0.0 


0.4  
0 .4  
1.3 (t,3) 


0 .8  (t,3) 


160 0 . 2  


160 0 .2  


160 0.4 


160 
320 


40 
80 


0.4 
0.9 (t,3) 


0 . 3  
0 .9  (t,3) 


n 
0 NCH,CH,NHCH,CH,&O&l u 


320 0.1 


320 0 . 5  


NC, ,SCH,’ 


NC ‘SCH, 
,c=c 40 0.0 (t,5) 


160 
320 


0 . 3  
1.1 


a The compounds were tested against P. berghei KBG 173 by administration to five male mice a t  a given concentration in a single subcutaneous dose 72 hr 
after infection. b The mean survival time of the controls was 6.1 days. Deaths during Days 2-5 after drug administration were attributed to toxicity (t, number 
that died). Compounds were classi6ed as active (a) when the mean survival time of the treated mice was twice that of the controls, i.e., test - control > 6.1 
days, and curative (c, number of surviving mice) when test animals lived 60 days postinfection. c Reference 3. d Source: Aldrich Chemical Co. e Reference 7. 
f Reference 12. 
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Table V-Antimalarial Activities in Chicks. 


Difference in Mean 
Survival Time, days 


Number Compound Dose, mg/kg (Test Minus Contro1)b 


I 


I1 


V I I  


xv 


xx 


XXI 


r e  NCHzCH,S 'WCI 


100 


30 
60 


120 


160 


240 


160 


120 


0 . 5  


0 . 4  
0 . 4  
0 . 4  


0.0 


0.0 


0.0 


0.4 


a The compounds were tested against P. gallinaceurn Brumpt 8A injected into five chicks from heart blood of infected chicks. The compounds, suspended in 
peanut oil, were administered subcutaneously in a single dose immediately after infection. b The mean survival time of the control chicks was 72-96 hr. Deaths 
that occurred within 48 hr after infection were considered due to toxicity of the compound (t, number that died). An increase of 100% in survival time was 
recognized as the minimum effective response. Chicks with survival ties of 30 days were recorded as cured (c, number of survivors). C Reference 3. Source: 
Aldrich Chemical Co. 


added 0.1 mole of ethylene monothiocarbonate dropwise over 20 
min. The resulting solution was allowed to reflux overnight, and it 
was distilled in uacuo through a 17.7-cm (7-in.) vigreux column to 
yield a colorless oil. Physical constants of the mercaptans are listed 
in Table I. 


N-Heterocyclylethyl Disulfide Dihydrochlorides-In a rep- 
resentative procedure, 0.07 mole of mercaptan was dissolved in 25 
ml of dimethyl sulfoxide, and the colorless solution was heated at  
80-90' for l a 2 0  hr. The resulting solution was poured into 300 ml 
of ice water, and the mixture was stirred for 4 hr. The oily disulfide 
was extracted twice with ether, and the combined extracts were 
washed with water. 


The ether layer was dried over magnesium sulfate, and the ether 
was removed by flash evaporation to give a clear oil, which was 
triturated with absolute ethanol to yield a partially solidified oil. 
To this was added concentrated hydrochloric acid in 95% ethanol, 
the solvent was removed by flash evaporation, and the resulting 
hydrochloride was recrystallized twice from 95% ethanol to yield 
colorless crystals. Physical constants of the disulfide dihydrochlor- 
ides are listed in Table 11. 


N-Heterocyclylethyl Disulfides-In a representative proce- 
dure, 0.06 mole of mercaptan was dissolved in 25 ml of dimethyl 
sulfoxide, and the solution was heated at 85-90' overnight. The re- 
sulting solution was poured into 300 ml of ice water, the oily mix- 
ture was extracted twice with methylene chloride, and the com- 
bined extracts were washed twice with water. The methylene chlo- 
ride layer was treated with charcoal, dried over magnesium sulfate, 
and filtered. The solution was flash evaporated to yield a yellow or 
brown oil. Physical constants of the disulfides are listed in Table 
11. 


2-( N-4-Methylpiperaziny1)ethanethiosulfuric Acid-This 
procedure is representative of the conversion of mercaptans to 
thiosulfuric acids. 1-(2-Mercaptoethy1)-4-methylpiperazine (7.35 
g, 0.046 mole) was dissolved in 60 ml of'methanol, and potassium 
metabisulfite (11.1 g, 0.050 mole) was added with 10 ml of water. 
The mixture was refluxed overnight and was filtered while hot to 
remove potassium thiosulfate. The filtrate was flash evaporated to 
a solid, and the solid was taken up in boiling methanol and fil- 
tered. A precipitate of 3.1 g (24% yield) of colorless crystals was ob- 
tained on cooling, mp 186-1875'. 
2-(N-Piperidy1)ethanethiosulfuric Acid-This procedure is 


representative of the conversion of halides to thiosulfuric acids. To 
a solution of N-(2-chloroethyl)piperidine hydrochloride (18.4 g, 
0.1 mole) in 50 ml of water were added sodium thiosulfate pen- 
tahydrate (24.8 g, 0.1 mole) and an additional 50 ml of water. The 


solution was refluxed for 1 hr and was flash evaporated to give an 
oil; this oil was taken up in methanol and filtered. The methanol 
was removed by flash evaporation to give an oil, which was crystal- 
lized from 95% ethanol to yield 8.9 g (39.5%) of colorless crystals, 
mp 180-182". 
2-(2-Quinolylmethylamino)ethanethiosulfuric Acid-To a 


warm solution of sodium hydroxide in 95% ethanol (2 g in 70 ml) 
was added rapidly, with stirring, a hot solution of 2-aminoeth- 
anethiosulfuric acid (11) (7.85 g, 0.05 mole) in 5 rnl of water. To 
this mixture under reflux was added dropwise 2-chloromethylqui- 
noline (4.44 g, 0.025 mole) in 95% ethanol (50 ml). Heating and 
stirring were continued for 17 hr, and the mixture was concentrat- 
ed to about 20 ml and was washed with ether to remove unreacted 
2-chloromethylquinoline. 


The solution was neutralized with acetic acid and allowed to 
stand at  0' for 2 days. The resulting semisolid was filtered to give 
4.2 g (57%) of product, mp 183-185" (after recrystallization from 
ethanol-water, mp 187-188'); Rf 0.6 [silica gel plates with n-buta- 
nol-ethanol-water (3:1:1)]; IR (KBr): 1020, 1185, and 1240 (S203-) 
and 3500 (NH) cm-'. 
2-(l-Cyanobenzylidene)-4-phenyl-l,3-dithiole-A mixture 


of 2-phenyl-3,3-dimercaptoacrylonitrile dipotassium salt (7) (23.7 
g, 0.082 mole), sodium bicarbonate (16.4 g), and bromoacetophe- 
none (19.9 g, 0.10 mole) was stirred at room temperature for 24 hr. 
The resulting solid was filtered, and concentrated sulfuric acid (50 
ml) was added to the cooled filtrate. This mixture was cooled at 0' 
for 5 hr, and dilution with water precipitated a yellow solid. The 
product was filtered, washed with water, and recrystallized from 
chloroform, giving 5.3 g (22% yield), rnp 162-163"; NMR (trifluo- 
roacetic acid): d 7.38 (5H). 


Anal.-Calc. for C17HllNS2: C, 69.60; H, 3.78; N, 4.77. Found: 
C, 69.85; H, 4.20; N, 4.57. 
2-Dicyanomethylenepyrazino[2,3-d]dithiole-The dipo- 


tassium salt of 2-cyano-3,3-dimercaptoacrylonitrile (7) (7.8 g, 
0.033 mole) was dissolved in 50 ml of dimethylformarnide, and 
2,3-dichloropyrazine (4.44 g, 0.03 mole) was added. The solution 
was heated at  85" for 16 hr, becoming black. It was diluted with 
100 ml of water, cooled to 5 O ,  and filtered. The dried brown pow- 
der (2.0 g) was sublimed at 0.5 mm with a free flame, giving 1.1 g 
(17% yield) of yellow powder, mp 175-205O, and 0.25 g (4%) of yel- 
low needles, mp 212-213O; I R  2210 ( C s N ) ,  1490, 1342, 1148, 1075 
(pyrazine ring), and 850 (CH) cm-I. 


Anal.-Calc. for Ca2NdS2: C, 44.02; H, 0 92; N, 25.70; S, 29.38. 
Found: C, 43.68; H, 0.96; N, 25.41; S, 28.98. 
2-Dicyanomethylenequinoxalino[2,3-d]dithiole-The dipo- 


tassium salt of 2-cyano-3,3-dimercaptoacrylonitrile (7) (7.8 g, 
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0.033 mole), 2,3-dichloroquinoxaline (6.0 g, 0.03 mole), methanol 
(200 ml), and water (20 ml) were heated under reflux for 2 hr, di- 
luted with 150 ml of water, and filtered. The dried solid was re- 
crystallized from 250 ml of dimethylformamide and dried at  140' 
(0.2 mm) for 2 hr to give 3.2 g (25%) of bright-yellow crystals, mp 
298-320O dec.; IR: 2210 (CEN), 1505,1180, and 1120 (quinoxaline 
ring) cm-l. 


Anal.-Calc. for C12HdN&: C, 53.71; H, 1.50; N, 20.88; S,,23.90. 
Found: C, 54.07; H, 1.74; N, 20.5; S, 23.6. 
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Bisulfite-Ion-Catalyzed Degradation of Fluorouracil 


GERALD S. RORK and IAN H. PITMANS 


Abstract 5-Fluorouracil (I) reversibly adds bisulfite ion across 
its >C5=C6< bond to form 5-fluoro-5,6-dihydrouracil-6-sulfonate 
(11). The pH-independent equilibrium constant for this reaction 
was calculated to be 560 M-' at  ionic strength 1.00 M at 25'. 
Compound I1 was observed to be unstable in alkaline solution and 
reacted to yield uracil-6-sulfonic acid, fluoride ion, and a-fluoro- 
8-ureidopropionic acid-P-sulfonate (III), along with I (oia a loss of 
HSOs-). In strongly alkaline conditions, i.e., 1 M NaOH, 111 was 
observed to undergo a subsequent reaction to  produce a compound 
believed to be a-fluoro-0-ureidoacrylic acid (V) or fluoromalonal- 
dehydic acid (VII). These irreversible degradation reactions of I1 
lead to a complete degradation of I in sodium bisulfite solutions. 
The similarity of this bisulfite-ion-catalyzed degradation of I to its 
hydrolytic degradation is discussed. 


Keyphrases 0 Fluorouracil-bisulfite-ion-catalyzed degradation 
0 Sodium bisulfite-role in degradation of 5-fluorouracil, nucleo- 


philic addition 0 Equilibrium-bisulfite ion addition to fluoroura- 
cil 


It has been reported (1) that the antimetabolite 5- 
fluorouracil (I) undergoes a reversible, covalent addi- 
tion of bisulfite ion (HS03-) across its 5,6-carbon- 
carbon double bond to yield 5-fluoro-5,6-dihydroura- 
cil-6-sulfonate (11). Additional findings that I1 
undergoes irreversible reactions in sodium bisulfite 
solutions leading to complete degradation of I 
(Scheme I) are now reported. 


Although I is comparatively stable a t  room temper- 
ature in aqueous buffers that do not contain sodium 
bisulfite', it  has been observed to degrade at  higher 


~ ~~ ~ 


Fluorouracil is formulated for injection as a H 9 solution (adjusted with 
sodium hydroxide) at a concentration of 50 m g h l .  Fluorouracil package in- 
sert, Roche Laboratories, Dec. 1972. 


temperatures and in alkaline conditions (2). It has 
been suggested that the first step in these reactions is 
covalent hydration of the 5,6-double bond of I to pro- 
duce 5- or 6-hydroxy-5-fluoro-5,6-dihydrouracil, 
which then degrades to  nonchromophoric products 
(via opening of the pyrimidine ring) (2). 


The results of the present study are discussed in 
terms of similarities between the water-catalyzed and 
bisulfite-ion-catalyzed degradations of I. 


EXPERIMENTAL 


Materials and Equipment-Fluorouraci12 was used as re- 
ceived. All water was redistilled from a Pyrex apparatus before 
use. All other chemicals were a reagent grade and were used with- 
out additional purification. 


Potassium 5-fluoro-5,6-dihydrouracil-6-sulfonate monohydrate 


0 


H 0 
I 


H 
n 


Scheme I 


Sigma Chemical Co. 
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Quantitation of Propoxyphene and Its Major 
Metabolites in Heroin Addict Plasma after 
Large Dose Administration of Propoxyphene Napsylate 


J. FRANK N A S H X ,  I. F. BENNETT, R. J. BOPP, 
M. K. BRUNSON, and H. R. SULLIVAN 


Abstract 0 A sensitive and specific GLC assay method was devel- 
oped for the determination of propoxyphene, its major metabolite 
norpropoxyphene, and lesser known metabolites cyclic dinorpro- 
poxyphene and/or dinorpropoxyphene in plasma of heroin addicts 
administered up to  800 mg of propoxyphehe napsylate. The assay 
used a mass internal standard of pyrroliphene. The compounds 
were extracted from pH 9.8 carbonate-buffered plasma with butyl 
chloride, back-extracted into acidified water which was then 
washed with hexane, and reextracted with chloroform from the 
aqueous phase made basic. Quantitation of the drug and its metab- 
olites was accomplished by temperature-programmed GLC. Abso- 
lute identification of the compounds chromatographed was com- 
pleted by GLC-mass spectrometry. 


Keyphrases Propoxyphene and metabolites-GLC analysis in 
heroin addict plasma Norpropoxyphene and cyclic dinorpropox- 
yphene-GLC analysis in heroin addict plasma after propoxy- 
phene napsylate administration 0 Dinorpropoxyphene (cyclic) 
and norpropoxyphene-GLC analysis in heroin addict plasma 
after propoxyphene napsylate administration GLC-mass spec- 
trometry-analysis, propoxyphene and metabolites in heroin ad- 
dict plasma 


Propoxyphene hydrochloride1 has been prescribed 
widely for the symptomatic relief of mild or moderate 
pain. Metabolic studies were conducted using radio- 
carbon-labeled propoxyphene (1) and with deute- 
rium-labeled drug and GLC-mass spectrometry (2). 
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Figure 1-Gas-liquid chromatogram (flame-ionization de- 
tector) of human plasma extracts. Left: blank plasma spiked 
with: Compound A, 100 nglml; Compound B, 100 nglml; 
Compound C, 250 ng/ml; and Compound D, 500 ng/ml. Right: 
patient's plasma after dose of 200 mg propoxyphene napsylate. 


The 2-naphthalenesulfonate2, another salt of propox- 
yphene, has been marketed as a therapeutic agent 
equally as effective as the hydrochloride (3-6). The 
use of propoxyphene napsylate in large doses for the 
treatment of heroin addicts has been reported (7, 8), 
as has a GLC method for the determination of pro- 
poxyphene in plasma (9). 


~ 


n-d-4-(Dimethylamino) -3-methyl-1,2-diphenyl-2-propionoxybutane hy- 
drochloride; Darvon, Eli Lilly and Co. 


* n-d-4-~Dimeth~lamino)-3-methyl-1,2-diphenyl-2-pr~~pion~~x~bu~ane 2- 
naphthalenesulfonate; Darvon-N, Eli Lilly and Co. 
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Table I-Precision a n d  Accuracy in Measurement  of Cyclic Dinorpropoxyphene, Propoxyphene, a n d  
Norpropoxyphene added t o  H u m a n  Plasma 


Cyclic Dinorpropoxyphene Propoxy phene Norpropoxyphene 
~~ ~- 


100 n g / m l  125 n g j m l  500 ng/ml 25 n g j m l  100 ng/ml 25 n g / m l  


524 (455-603) Mean" 23 (21-25) 101 (87-116) 20 (19-22) 91 (82-97) 118 (104-149) 
RSD 15.9% 11.5% 6 .4% 6 .1% 7 .7% 10.3% 
R E  -8.0% +1 . O %  -20.0% -9 .0% -6 .0% +5 .O% 


~~ 


a Mean of five replicate samples (range). 


Table 11--Plasma Concentrations of Cyclic Dinorpropoxyphenecl, Propoxyphene, a n d  Norpropoxyphene from Pa t i en t s  
Administered Large Doses of Propoxyphene Napsylate  


Dose, 
Tab le t s  of 


Napsylate ,  Plasma Cyclic Dinor- Pro- Nor- 


Concentration of Compounds in Plasma, ng /ml  


Pa t i en t  D a y s  mg Sample  propoxyphene poxyphene propoxyphene 


Propoxyphene D a y  of 


1 


2 


3 


4 


5 


1-4 
5-8 
9-13 


14-19 
20-24 


1-4 
5-8 
9-13 


14-19 


20-24 
1-4 
5-8 
9-13 


14-19 
20-24 


800 
600 
400 


200 
0 


800 
600 
400 
200 


0 
800 
600 
400 


200 
0 


1-4 800 
5-8 600 


1 
5 
9 


12 
19 
24 
1 
5 
9 


17 
19 
24 
1 
5 
9 


13 
17 


None  
1 
5 


0 
49 
38 
28 
16 
0 
0 


51 
45 
22 
21 
0 
0 


55 
49 
27 
16 
- 


0 
40 


0 
110 
80 
61 
10 
11 


0 
167 
111 
58 
29 
0 
0 


228 
79 
33 
0 
- 


0 
197 


0 
1194 
869 
627 
67 
24 


0 
770 
503 
162 
96 


0 
0 


853 
690 
207 
37 
- 


0 
910 


9-13 400 9 43 161 983 
12 39 64 669 


14-19 200 17 27 12 174 
20-24 0 None  - 


1-4 800 1 0 0 0 
5-8 600 5 107 207 1227 
9-13 400 9 61 54 550 


12 34 36 245 


- _ _  


- 14-19 200 N o n e  - - 
20-24 0 N o n e  -. - - 


The concentralions reported as cyclic dinorpropoxyphene may represent cyclic dinorpropoxyphene and 'or dinorpropoxyphene. 


This report presents an assay for propoxyphene 
and its metabolites, norpropoxyphene3 and cyclic di- 
norpr~poxyphene~, in plasma from patients and gives 
the resultant data. With appropriate modifications, 
this procedure also has been used for the routine 
assay of propoxyphene and norpropoxyphene in plas- 
ma from subjects receiving therapeutic doses of pro- 
poxyphene hydrochloride and propoxyphene napsy- 
late. 


EXPERIMENTAL 


Reagents-a-dl- Cyclic dinorpropoxyphene perchlorate, a-d- 
propoxyphene hydrochloride, a-d-norpropoxyphene citrate, and 
a d -  pyrroliphene hydrochloride5 were synthesized6. The last com- 
pound was used as the mass internal standard for GLC analysis. 
All solvents used were analytical reagent quality except chloroform 


:I n-d- 1.2-DiphenyI-3-methyl-4-methylamino -2-propionoxybutane. 


Its chemistry will he discussed in a future publication by H. K. Sullivan. 


chloride. 


n-dl-6~Benzyl-2-ethyl-S,6-dihydro-~-methyl-6-phenyl-4~-1,3-oxazine. 


~r-d-4-Pyrrolidino-l,2-diphenyl-3-methyl-2-acetoxybu~ne hydro- 


At the Lilly Research Laboratories, Eli Lilly and Co., Indianapolis, Ind. 


and butyl chloride, which were distilled in glass7. GLC packing 
material, 2% OV-7 on Chromosorb W (HP) (80-100 mesh)8, and 
the silylating reagent dimethyldi~hlorosilane~ were purchased. 


Apparatus-A gas-liquid chromatograph"' equipped with a 
flame-ionization detector and 1-mv recorder1' was used. Teflon- 
lined screw-caps and disposable 15-ml centrifuge tubesI2 were 
used throughout the extraction procedure. Tapered 15-ml glass 
centrifuge tubesI3 previously siliconized were used for evapora- 
tionI4 of solvent. 


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 1.83-m X 1.27-cm (6-ft X 0.5-in.) 
copper tubing filled with pellets of molecular sieve 5A. The filter 
was preconditioned overnight a t  200" with dry nitrogen as the con- 
ditioning gas. A glass column8, 0.61 m (2 ft) X 3 mm id., was oper- 
ated isothermally a t  185" for 4 min followed by 4"/min program- 
ming to 230" during analyses. 


Hurdick and Jackson Laboratories, Muskegon, Mich. 
Ohio Valley Specialty Chemical, Inc., Marietta, Ohio. 
Pierce Chemical Co., Rockford, Ill. 


lo  Model SiOOA, Hewlett Packard, Avondale, Pa. 
I '  Model S127A, Hewlett Packard, Avondale, Pa. 
12Corning Glass Co., Corning, N.Y. 
l 3  Matheson Scientific Co., Chicago, Ill. 
l4 Model 106 N-Evap, Organomation Associates, Shrewsbury, Mass. 
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Figure 2-Calibration curves; relationship between peak height ratio of the compound to the internal standard (pyrroliphene) and 
the concentration of compound in  plasma. Left: cyclic dinorpropoxyphene. Center: propoxyphene: Right: norpropoxyphene. 


Newly packed columns were conditioned by turning the carrier 
gas on for 2-5 min, heating the column to 300°, and holding with- 
out carrier flow for 1 hr. The column was cooled to room tempera- 
ture, reheated to 250", and conditioned overnight with carrier gas 
flowing. The detector temperature was 250'. The oxygen and hy- 
drogen flow rates were 240 and 60 ml/min, respectively. 


Under these conditions, the following retention times were ob- 
served15: cyclic dinorpropoxyphene, 145 sec; propoxyphene, 175 
sec; pyrroliphene, 370 sec; and norpropoxyphene amide (rear- 
ranged norpropoxyphene formed under basic conditions), 600 secI6 
(Fig. 1). A t  an electrometer sensitivity of 7.8 X A, 1 Kg of pro- 
poxyphene produced a full-scale deflection. 


Procedure-The 15-ml tapered centrifuge tubes were washed 
with chromic acid cleaning solution, rinsed with water, dried, and 
siliconized using a 1% solution of dimethyldichlorosilane in tolu- 
ene17. Heparinized blood was centrifuged to separate the plasma18. 
Standard solutions of cyclic dinorpropoxyphene (as the perchlo- 
rate), propoxyphene (as the hydrochloride), and norpropoxyphene 
(as the citrate) were added to 4 ml of blank plasma to give calibra- 
tion concentrations equivalent to 0, 25, 50, 100, and 125 ng of pro- 


d 
Z 600 
3 


400 
0 * 200 


0 
0 5 9 12 13 17 19 24 


DAYS POSTDRUG ADMINISTRATION 


Figure 3-Plasma concentrations of propoxyphene (-) and 
metabolites cyclic dinorpropoxyphene (.....) and norpropoxy- 
phene (-.-) after administration of decreasing doses of propoxy- 
phene napsylate to five heroin addicts. 


15Methadone chromatographed at 155 sec and could be extracted and 
quantitated by this procedure. 


l6 Under the chromatographic conditions described, dinorpropoxyphene 
amide is not separated from norpropoxyphene amide and any of the former 
present in the plasma extracts would have been quantitated as norpropoxy- 
phene. If dinorpropoxyphene is present, it will cyclize to an intermediate 
which dehydrates on column to yield cyclic dinorpmpoxyphene. If the ex- 
tracts are held a t  pH 12 for 1 hr, the dinorpropoxyphene is essentially all 
rearranged to dinorpropoxyphene amide. Evidence that cyclic dinorpropox- 
yphene is a true metabolite of propoxyphene found in plasma is supported 
by do  data to  be presented by Mr. H. R. Sullivan in a forthcoming paper. 


l7 #his treatment appears to prevent adsorption of the propoxyphene 
compounds to the glassware. 


Fresh plasma or frozen plasma held at  -8' for several weeks has been 
assayed successfully. Alternate freezing and thawing of plasma caused errat- 
ic results for propoxyphene and its metabolites. 


poxyphene and cyclic dinorpropoxyphene/ml of plasma and 0,125, 
250,500, and 1000 ng of norpropoxyphene/ml of plasma. 


To each tube were added 0.5 ml of a 2-pg/ml solution of the 
mass internal standard and 0.5 ml of pH 9.8 carbonate buffer. The 
mixture was vortexed to ensure uniform distribution of the com- 
pounds in the plasma. Using a pipetlg, 10 ml of butyl chloride was 
added to each tube and the samples were shaken for 2 min and 
then centrifuged at  2000 rpm for 4 min. The upper organic phase 
was transferred to a second screw-capped centrifuge tube, and care 
was taken not to transfer any plasma. Five milliliters of 0.2 N hy- 
drochloric acid was added to the samples, which were shaken for 2 
min and centrifuged for 4 min. The organic phase was aspirated 
and discarded. To the aqueous acid was added 5 ml of hexane. The 
samples were shaken and centrifuged and the hexane was aspirat- 
ed and discarded. Then 0.6 ml of 2 N sodium hydroxide was added 
with a I-ml pipetlg and the samples were vortexed. 


After ensuring the pH was 1020, 10 rnl of chloroform was added 
and the samples were shaken and Centrifuged. The upper aqueous 
phase was aspirated and discarded and the chloroform phase was 
transferred to a 15-ml siliconized, tapered centrifuge tube. Care 
was taken not to transfer any of the aqueous phase. The chloro- 
form was evaporated to dryness a t  37' under a gentle stream of ni- 
trogen. To the residue was added 20 p1 of carbon disulfide-chloro- 
form (1:l) with a 20-4 pipet2'. The samples were vortexed for 20- 
30 sec, and 3 r l  of each sample solution was injected onto the GLC 
column. 


Plasma from heroin addicts administered propoxyphene napsy- 


l9 Repipet, Labindustries, Berkeley, Calif. 
2o Norpropoxyphene, as the secondary amine, could not be quantitated by 


the GLC procedure. Therefore, i t  was necessary to treat the samples with 
strong base, such as an  alkali hydroxide, to convert the norpropoxyphene by 
intramolecular rearrangement through the 0 to N shift of the propionyl 
group to  the very stable N-methyl N-propionyl-1,2-diphenyl-3-methyl-2-hy 
droxy-4-butylamine (I). The amide is readily quantitated by gas chromatog- 
raphy. 


0 
II 


0-C-C,H, 
I 
I 


C,H,-CH,-C-CH-CHI-NHCH, % 
I I  


C,H CH, 


OH 


I 


Precision Pipet, Medical Laboratory Automation, Inc., Mt. Vernon, 
N.Y. 
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80 130 180 230 280 
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late were analyzed similarly after addition of 0.5 ml of the mass in- 
ternal standard solution. 


Following chromatography of the calibration standards, peak 
height ratios2* of the propoxyphene compounds to the mass inter- 
nal standard were calculated. Calibration curves (Fig. 2) were pre- 
pared by plotting the peak height ratios uersus concentrations of 
drug or metabolites (nanograms per milliliter). Concentrations of 
cyclic dinorpropoxyphene, propoxyphene, and norpropoxyphene 
in the sample plasma were calculated from the calibration curves. 


Mass spectra of cyclic dinorpropoxyphene, propoxyphene, and 
norpropoxyphene amide present in the patient's plasma sample 
extracts were obtained using a gas chromatograph-mass spectrom- 
eterZ3. The components present in the extracts were separated 
using a 1.22-m (4-ft) siliconized glass column of 2.5 mm i.d. packed 
with 1% W-98 methylvinyl silicone gum rubberB on 80-100-mesh 
Gas Chrom Q, maintained a t  160'. The carrier gas, helium, flow 
was 40 ml/min. The ionizing potential and trap current were 70 ev 
and 60 ramp, respectively. The temperature of the flash heater 
was 200', and the ion source temperature was 290". Under these 
conditions, the GLC retention times of cyclic dinorpropoxyphene, 
propoxyphene, and norpropoxyphene amide were 120, 180, and 
780 sec, respectively. 


RESULTS AND DISCUSSION 


T o  determine the precision and accuracy of the assay, plasma 
samples were prepared containing known amounts of cyclic dinor- 
propoxyphene (as perchlorate), propoxyphene (as hydrochloride), 
and norpropoxyphene (as citrate) and were assayed by the de- 
scribed procedure (Table I). 


Plasma samples were obtainedZ4 from patients undergoing her- 
oin detoxification with propoxyphene napsylate. Table I1 reports 
the plasma concentrations found for propoxyphene and its metab- 
olites. The blood sample was taken before each day's dose. 


The histogram in Fig. 3 shows the decrease of propoxyphene and 
its two major metabolites in patients' plasma as the dose of pro- 
poxyphene napsylate is reduced. I t  is apparent that  even when pa- 
tients are administered large doses of propoxyphene over several 
weeks, neither the parent compound nor its metabolites accumu- 
late in the blood. 


Using the chromatographic conditions previously described for 
the analysis of plasma samples, methadone was found to elute 
within 10 sec of cyclic dinorpropoxyphene (see Footnote 15). Posi- 


Figure 4-Mass spectra of (a) propoxyphene, (b) norpropoxy- 
phene amide, a n d  (c) cyclic dinorpropoxyphene. 


instead of relative peak h&ghts. 
23 Model 9000, LKB-Produkter, Brommo, Sweden. 
24 Dr. F. S. Tennant. Jr. 


80 130 180 230 280 330 
amu 
(b) 


22Results were virtuallv unaffected when relative Deak areas were used 


tive identification of the cyclic metabolite of propoxyphene in 
plasma was accomplished by GLC-mass spectrometry. Methadone 
was identified in a similar manner in plasma samples obtained 
from patients who were administered methadone. Because of these 
close retention times, investigators must be careful of false posi- 
tives for methadone with patients being detoxified with propoxy- 
phene. Separation of the cyclic dinorpropoxyphene and metha- 
done by GLC is accomplished with the 1% W-98 column (120 uer- 
sus 216 sec, respectively). 


The mass spectra by which cyclic dinorpropoxyphene, propoxy- 
phene, and norpropoxyphene amide were unambiguously identi- 
fied are shown in Fig. 4. When the mass spectra of the compounds 
extracted from patients' plasma were compared with those of the 
authentic compounds, the fragmentation characteristics were 
identical. 


The mass fragmentation pattern of propoxyphene (Fig. 4a) does 
not show an M+ at 339 amuZ5. The M - 73 fragment seen a t  266 
arnu represents the loss of the propionyloxy group. The fragment 
of 265 amu represents the loss of propionic acid (M - 74) from the 
molecular ion; the additional proton has been shown by deutera- 
tion to arise from the benzyl methylene group. The additional 
fragments observed are the loss of propionic acid plus a methyl 
group a t  250 amu, M - (74 + 15), and the loss of the propionyloxy 
and dimethylaminomethyl moieties, M - (73 + 58) a t  208 amu. 
The base peak in the spectrum is that of the dimethylaminomethyl 
ion of 58 amu. The ion a t  91 amu represents the benzyl group and 
is a fragment common to propoxyphene and all of its metabolites. 


The mass spectrum obtained from the alkaline rearranged nor- 
propoxyphene (norpropoxyphene amide) is shown in Fig. 4b. 
Again no molecular ion a t  325 amu is observed. A small ion a t  307 
amu is observed and represents the loss of water from the parent 
ion. The fragment a t  234 amu (M - 91) arises by the loss of the 
benzyl group from the parent ion. The base peak in the spectrum 
is a t  44 amu and represents the methylaminomethyl group. Other 
fragments observed are those of the propionyl group, 57 amu; the 
phenyl group, 77 amu; the benzyl group, 91 amu; the N-propionyl- 
methylamino group, 100 amu; and the N-propionylmethylammon- 
ium ion, 88 amu. 


Figure 4c shows the mass spectrum of cyclic dinorpropoxy- 
phene. Again, no molecular ion is detected. The M - 91 fragment 
seen a t  202 amu results from the loss of the benzyl group from the 
molecular ion. The major ion a t  147 amu reflects the combined loss 
of the benzyl and the C2Hs- C+=N moieties, M - (91 + 55). The 
most abundant ion is a t  105 amu and represents the CsHs-C+=O 


2s By use of chemical ionization mass spectrometry, the molecular ion was 
obtained by Mr. J .  L. Occolowitz, The Lilly Research Laboratories. 


432 1 Journal of Pharmaceutical Sciences 







ion. Ions a t  77 and 91 amu represent the phenyl and benzyl groups, 
respectively. 


REFERENCES 


(1) R. E. McMahon, A. S. Ridolfo, H. W. Culp, R. L. Wolen, and 


(2) R. E. McMahon, H. R. Sullivan, S. L. Due, and F. J. Mar- 


(3) R. L. Wolen, C. M. Gruber, Jr., G. F. Kiplinger, and N. E. 


(4) Ibid., 19.493(1971). 
(5) R. L. Wolen, C. M. Gruber, Jr., A. Baptisti, Jr., and N. E. 


Scholz, Toxicol. Appl. Pharmacol., 19,498(1971). 
(6) R. L. Wolen, C. M. Gruber, Jr., and A. Baptisti, Jr., ibid., 19, 


504( 1971). 
(7) F. S. Tennant, Jr., Report of Committee on Problems of 


Drug Dependence, National Academy of Sciences, Chapel Hill, 


F. J. Marshall, Toxicol. Appl. Pharmacol., 19,427(1971). 


shall, Life Sci., 12,463(1973). 


Scholz, Toxicol. Appl. Pharmacol., 19,480(1971). 


N.C., 1973. 
(8) F. S. Tennant, Jr., J.  Amer. Med. Ass., 226,1012(1973). 
(9) R. L. Wolen and C. M. Gruber, Jr., Anal. Chem., 40, 


1243( 1968). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June'l, 1974, from Eli Lilly and Company, Indianapo- 


Accepted for publication September 11,1974. 
Mr. R. N. Booher and Mr. W. W. Turner, Chemical Research, 


Lilly Laboratories, synthesized the norpropoxyphene citrate and 
cyclic dinorpropoxyphene perchlorate. Plasma samples for this 
study were supplied by Dr. Forest S. Tennant, Jr., University of 
California at  Los Angeles. The authors also thank Mr. W. E. Legan 
for his analysis of the plasma samples. 


lis, IN 46206 


To whom inquiries should be directed. 


Intersubject Variation in Absorption of Digoxin in 
Normal Volunteers 


DAVID H. HUFFMAN *=, CARL V. MANION *#, and DANIEL L. AZARNOFF * 


Abstract The absorption of oial digoxin preparations was eval- 
uated 'following single-dose administration of 0.5 mg of digoxin to  
16 normal volunteers in a randomized crossover design. Absorption 
was estimated using the cumulative excretion of digoxin in urine 
for 7 days and the area under the 24-hr serum digoxin concentra- 
tion curve ( A  UC). Significant intersubject variability was observed 
with both parameters, but this variability was greater for the AUC. 
After intravenous administration, the 7-day digoxin excretion was 
68% of the dose. The elixir and a rapid dissolution tablet were sig- 
nificantly better absorbed (84.5 and 77.8%. respectively) than was 
a slow dissolution tablet (66.7%), as reflected by the fraction of the 
amount excreted in the urine following intravenous administration 
of the same dose. There was a highly significant correlation be- 
tween the cumulative digoxin excretion in urine during the first 2 
days compared to 7 days ( r  = +0.972, p < 0.001). Bioavailability of 
oral digoxin preparations can be reliably determined by compari- 
son of the cumulative 2-day excretion of digoxin following a single 
dose. 


Keyphrases 0 Digoxin oral preparations-bioavailability in hu- 
mans, intersubject variations 0 Bioavailability of digoxin oral 
preparations-estimated using cumulative excretion in urine and 
area under serum concentration curve, intersubject variations 
0 Absorption of digoxin oral preparations-intersubject varia- 
tions 


The bioavailability of oral digoxin preparations has 
been studied using various protocols. Clinically im- 
portant differences in bioavailability have been dem- 
onstrated among tablet preparations (1-5). Single- 
dose studies (1, 4-6) and steady-state studies (7) 
have used the peak serum concentration, the area 
under the serum concentration versus time curve 
(AUC), and the cumulatiye excretion of digoxin in 
the urine to estimate the absorption of oral digoxin 
preparations. Since there has been no complete 


agreement on the standard method for estimating di- 
goxin bioavailability, and because a larger study was 
needed to determine the degree of intersubject vari- 
ability, the bioavailability of digoxin from three oral 
preparations relative to an equivalent intravenous 
dose was determined in 16 normal volunteers in a 
randomized crossover design. 


EXPERIMENTAL 


Sixteen healthy hospital employees, 10 females and six males 
(ages 21-33), volunteered for the study. Written consent was ob- 
tained after discussing with each subject the inconveniences and 
hazards reasonably to  be expected. All subjects had normal history 
and physical examinations and no evidence of cardiac, hepatic, 
renal, or GI disease. 


After an overnight fast, 0.5 mg of digoxin was administered to 
each volunteer on four occasions, each 2 weeks apart. This interval 
allowed for the essentially complete elimination of digoxin given in 
the previous study. The following dosage forms were administered 
to  each volunteer in a random sequence: 


1. Two 0.25-mg digoxin tablets (I)ls2 
2. Two 0.25-mg digoxin tablets (III3 
3. Ten milliliters (0.05 mg/ml) of a digoxin elixir 
4. Two milliliters (0.25 mg/ml) of parenteral digoxin (IV)5 


The dissolution rates of the tablets were determined by the meth- 
od described by Lindenbaum et al. (8). 


The digoxin tablets and elixir were given orally with 200 ml of 
water. The parenteral solution was administered intravenously 
over 5 min. Regardless of the route of administration, the subjects 


Lanoxin, Lot 4 7 4 4 ,  Burroughs Wellcome. 
2 The dissolution of the tablets of the two Lanoxin lots resulted in 85% di- 


goxin dissolved in 1 hr for the 474-G tablet and 65% for the 991-F tablet (R. 
Cresswell, personal communication). These tablets were taken from regular 
production runs. 


Lanoxin, Lot 991-F, Burroughs Wellcome. 
Lanoxin, Lot 816-G, Burroughs Wellcome. 


5 Lanoxin, Lot 062-F, Burroughs Wellcome. 
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Vehicle Effects on Ocular Drug Bioavailability I: 
Evaluation of Fluorometholone 


JAMES W. SIEG and JOSEPH R. ROBINSONx 


Abstract The influences of drug concentration and vehicle com- 
position on the corneal penetration of the steroid fluorometholone 
were studied in the albino rabbit. Aqueous dosing systems includ- 
ed a saturated solution and 0.1, 0.05, and 0.01% suspensions of mi- 
cronized fluorometholone. Two different doses of a 0.1% oleagi- 
nous ointment were also studied. The results from the 0.1 and 
0.05% suspensions show a peak aqueous humor steroid concentra- 
tion at  30 min and a substantial sustaining effect with these two 
concentrations. The results also support the belief that moderate 
dilution of a suspension of a slowly soluble drug may not substan- 
tially lower the aqueous humor drug levels or, conversely, that use 
of a higher concentration suspension may not improve the aqueous 
humor drug concentration-time profile. The 0.01% suspension and 
the saturated solution did not produce a sustaining effect. The re- 
sults demonstrate for the first time that the particles present in a 
dose of suspension are retained within the cul-de-sac of the eye 
and contribute significantly to the amount of steroid penetrating 
the cornea. This finding was confirmed by a study in which the eye 
was rinsed with saline solution 30 min after instillation of a dose of 
a 0.05% suspension. The rinsing procedure prematurely terminat- 
ed the sustaining effect of the suspension. The results of the oint- 
ment studies show that partitioning of the lipophilic steroid from 
the oleaginous vehicle has a greater rate-limiting influence on cor- 
neal penetration than the dissolution rate parameter associated 
with the aqueous suspensions. Peak aqueous humor concentration 
was not achieved until 3 hr after dosing and was comparable to the 
0.1 and 0.05% suspensions. Predosing of the eye with a saturated 
solution or the 0.1% suspension prior to dosing with ointment over- 
comes the inability of the ointment to provide adequate drug a t  
short times following dosing. In this case, peak levels were 
achieved within 60 min and then maintained. The duration of 
aqueous humor levels and the amount penetrating from the oint- 
ment were greater than the suspensions, and these effects are dis- 
cussed relative to the mechanism. Differences in aqueous humor 
levels produced by 25- and 50-mg doses of ointment were minimal. 
A discussion of the results from all studies is presented in the con- 
text of present theories regarding the role of the lipophilic epitheli- 
al layer of the cornea as a barrier to drug penetration. 


Keyphrases 0 Fluorometholone-effect of drug concentration 
and vehicle composition on corneal penetration, rabbits Ocular 
drug bioavailability, fluorometholone-effect of drug concentra- 
tion and vehicle composition on corneal penetration, rabbits 
0 Bioavailability, ocular, fluorometholone-effect of drug concen- 
tration and vehicle composition on corneal penetration, rabbits 


Steroids are widely used to treat various inflamma- 
tory disorders of the eye and to prevent progressive 
complications resulting from other ocular disease 
states. As a result, ophthalmic studies relating to the 
nature of topically administered steroids and to the 
extent to which they penetrate into ocular tissues 
have received increasing attention during the past 20 
years. These investigations have provided informa- 
tion regarding the intraocular penetration of dexa- 
methasone (1-6), prednisone (6-lo), prednisolone 
(6-lo), cortisone (11-13), hydrocortisone (11-13), 
and other related corticosteroids (12). Some studies 
have also included various derivatives of the parent 
compounds and have provided information pertain- 
ing to the influence of a drug’s relative lipid and 


water solubilities on its ability to penetrate the epi- 
thelial layer of the cornea (5,6,9). 


In addition, the dosing systems used in these stud- 
ies have been formulated to include aqueous solu- 
tions (2-4, lo), suspensions (1, 7-9, 11-13), and vari- 
ous ointment vehicles (4, 5, 10). However, a mecha- 
nistic interpretation of the influence of these vehicles 
on the biological properties of the drug in ocular 
studies has not been explored in the literature. The 
present study examines the influence of vehicles on 
the intraocular penetration of the highly lipophilic 
steroid fluorometholone. 


BACKGROUND 


Whenever a true solution of a drug is administered to the eye, 
the ultimate aqueous humor drug concentration that may be at- 
tained is influenced by a number of controlling factors. These vari- 
ables include the concentration of the drug in the vehicle (9, 10, 
13), the volume of the instilled dose (14), the viscosity of the vehi- 
cle (15, 16), the influence of tear turnover and drainage on the in- 
stilled dose (14), and the absorption and elimination characteris- 
tics of the drug. For ophthalmic suspension systems, the additional 
parameters of intrinsic solubility and dissolution rate must be con- 
sidered since the residence or contact time of the drug in the eye is 
usually brief. 


The intrinsic solubility of the drug is important for suspension 
systems since it determines the amount of drug actually in solution 
and available for immediate absorption upon instillation of the 
dose. As the intrinsic solubility of the drug increases, the concen- 
tration of the drug in the saturated solution surrounding the sus- 
pended drug particles also increases. For this reason, any compari- 
son of different drugs in suspension systems should include their 
relative intrinsic solubilities since the observed differences in their 
biological activities may be ascribed wholly or in part to their dif- 
ferences in this physical parameter. 


The dissolution rate parameter must be considered for ophthal- 
mic suspensions in light of the minimal residence time exhibited 
by most aqueous systems in the eye (14, 17). Upon instillation of 
the dose, drug from the saturated solution surrounding the sus- 
pended particles enters the lipophilic epithelium. It is then trans- 
ported into the hydrophilic stromal layers of the cornea and ulti- 
mately penetrates the less lipophilic endothelium to the aqueous 
humor. As the initial saturated solution becomes depleted, the par- 
ticles must dissolve to provide a further supply of drug. The re- 
quirement here is that the particles must undergo significant dis- 
solution within the residence time of the dose in the eye if any ben- 
efit is to be gained from their presence in the dosing system. 


For a drug whose dissolution rate is rapid, the dissolution re- 
quirement may present few problems; but for a slowly soluble sub- 
stance, the dissolution rate becomes critical. If the dissolution rate 
is not sufficiently rapid to supply significant additional dissolved 
drug, there exists the possibility of a slowly soluble substance in 
suspension which provides no more drug to the aqueous humor 
than does a more dilute suspension or saturated solution of the 
substance in a similar vehicle (18, 19). 


The particle size of the suspended drug affects the surface area 
available for dissolution. Apart from dissolution, particle size also 
plays an important role in the irritation potential of the dosing 
system. This consideration is important since irritation produces 
excessive tearing and rapid drainage of the instilled dose. It has 
been recommended that particles be less than 10 pm to minimize 
particle irritation to the eye. 
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Relative to an aqueous ophthalmic suspension or solution, the 
ultimate performance of an ointment system in the eye is con- 
trolled by a balance of positive and negative physicochemical con- 
siderations. On the positive side, there is the possibility of in- 
creased contact time for an ointment over that of an aqueous sus- 
pension or solution. In addition, for water-insoluble drugs, there 
exists a means of increasing the soluble drug concentration in the 
dosing system by choosing an oleaginous vehicle in which the drug 
is soluble. On the negative side, ophthalmic ointment systems 
present mixing problems between the ointment vehicle and the 
tears and also include an additional partitioning parameter for the 
drug between the ointment and the tear film. 


The contact time of the ointment system with the precorneal 
tear film is largely determined by the viscosity of the vehicle and 
its other physical characteristics, in particular i ts  miscibility with 
the ocular fluids. While the contact time can be extended by in- 
creasing the viscosity of the ointment vehicle or by decreasing its 
degree of miscibility with the tears, these same parameters also 
present mixing problems unfavorable for optimum partitioning 
and distribution of the drug from the ointment base to the tear 
film. 


Mixing is an extremely important parameter since it determines 
the amount of surface area of instilled ointment that is available 
for partitioning within the time limitation imposed by drainage 
loss. The extent of this partitioning interface greatly influences the 
amount of drug released from the ointment and also affects the ki- 
netics of drug distribution and the rate a t  which the drug parti- 
tions from the ointment to the precorneal tear film. At  this point, 
it might seem reasonable to assume that an emulsion type of oint- 
ment base would be ideal in view of the large surface areas charac- 
teristic of this system. However, emulsion systems also have their 
own inherent problems involving stability, attainment of adequate 
viscosities, and the unpredictable effect of surfactants upon corne- 
al drug transport and, most importantly, upon the integrity of the 
epithelial layer of the cornea (20,21). 


EXPERIMENTAL 


Materials-Tritium-labeled fluorometholone preparations 
were formulated by the manufacturer' as a 0.1% aqueous micron- 
ized suspension and a 0.1% petrolatum-based ointment. The final 
products were of commercial quality, equivalent to other similar 
formulations currently available from the manufacturer. The spe- 
cific activity of the two preparations was 40 &i/mg of steroid. 


Liquid scintillation counting vials and solutions were obtained 
from commercial All other chemicals used were either 
reagent or analytical grade, and water was double distilled from al- 
kaline permanganate. 


Male albino rabbits4, 1.8-2.4 kg, were used. The rabbits were fed 
a regular diet with no restrictions on the amount of food or water 
consumed. Lighting and auditory stimulation (radio) were main- 
tained in the caging facilities for 24 hr a day to provide a constant 
experimental environment. 


Aqueous Humor Concentration versus Time Profile-Fluo- 
rometholone Suspensions-Male albino rabbits were placed into 
wooden restraining boxes to minimize movement. The normal up- 
right posture of the animals was maintained a t  all times. Care was 
taken to permit normal eye movements, and head movement was 
only minimally restricted. The use of local and general anesthetics 
was avoided throughout the study. Recent work has demonstrated 
the effects of topical local anesthetics on tear dynamics and ocular 
drug bioavailability (22) and the influences of general anesthesia 
on lacrimal and instilled fluid dynamics (4) and on the corneal 
penetration of fluorometholone (19) in rabbits. Throughout each 
experimental run, the physical state of the test animals was as near 
normal as was experimentally feasible. 


Fifty-microliter doses were administered, using a microliter sy- 
ringe, by instillation directly onto the corneas of both eyes, collect- 
ing in the lower cul-de-sac. During instillation, the upper lid was 
slightly raised and the lower lid was pulled slightly away from the 
globe. The lids were immediately returned to their normal position 


after instillation was completed. Animals were then sacrificed at  
20, 30, 60, 90, 120, 180, 240, and 300 min postinstillation by rapid 
injection of pentobarbital sodium into a marginal ear vein. The 
corneal surface was thoroughly washed with distilled water and 
dried with tissue. Aqueous humor samples were then removed 
from the anterior chamber using a 1-ml tuberculin syringe fitted 
with a 27-gauge needle. 


One hundred-microliter samples of aqueous humor were trans- 
ferred5 to scintillation counting vials containing 5 ml of liquid scin- 
tillation solution. Vials were refrigerated at Oo for 24 hr prior to 
the addition of the samples and stored in the dark at  room temper- 
ature for a t  least 72 hr before counting to minimize chemilumines- 
cence. Ten-minute counts of each sample were made using a liquid 
scintillation spectromete$. The final count rate obtained for each 
sample was then converted to a microgram of steroid per milliliter 
of aqueous humor basis by standardization techniques to facilitate 
the analysis and interpretation of results. 


To investigate the effect of suspension concentration on the 
aqueous humor steroid levels, it was necessary to dilute the origi- 
nal 0.1% fluorometholone suspension to the desired concentra- 
tions. The potential influence of this procedure upon the final re- 
sults will be discussed later. The 0.05 and 0.01% suspensions were 
prepared by diluting an aliquot of the original suspension with an 
appropriate volume of the suspension vehicle supplied by the man- 
ufacturer. 


The diluted suspensions were then allowed to equilibrate on a 
shaker a t  room temperature for several days. Equilibration was 
verified by centrifuging samples taken from each suspension a t  
various times and analyzing the supernatant liquids using liquid 
scintillation methods. Equilibration was assumed to be complete 
when the count rate for the supernatant samples reached a con- 
stant value. 


Fluorometholone Saturated Solution-The saturated solution 
was prepared from the original 0.1% suspension of micronized fluo- 
rometholone. A laboratory clinical centrifuge7 was used to  separate 
the saturated solution and particulate components of the suspen- 
sion. A tube containing 5 ml of the suspension was centrifuged a t  
the highest speed setting until the supernate appeared clear by vi- 
sual observation. The supernatant liquid was then removed and 
passed through a 0.22-pm biological filte@. The high initial specific 
activity of the original 0.1% fluorometholone suspension was re- 
quired so that the saturated supernatant liquid obtained by cen- 
trifugation retained sufficient activity to give adequate counting 
rates in the aqueous humor studies. 


Experimental runs using the saturated fluorometholone super- 
natant liquid were performed using the techniques previously de- 
scribed for the suspensions. 


0.05% Fluorometholone Suspension Rinsed with Saline a t  30 
min Postinstillation of Dose-A modified suspension study was 
performed using a standard 50-pl dose of a 0.05% suspension. 
Thirty minutes after dosing, the eyes of the test animals were thor- 
oughly flushed with isotonic saline injection containing no preser- 
vatives. A polyethylene wash bottle with a fine-drawn tip was used 
so that a stream of saline could be directed into all portions of the 
eye with sufficient force to remove any residual fluorometholone 
particles. The eyes were then left untouched and the animal was 
kept in a normal experimental posture for the completion of the 
run. No changes in the basic routine were made beyond the time of 
rinsing with saline. 
0. I % Fluorometholone Ointment-Two different doses of fluo- 


rometholone ointment were used: 25 and 50 mg. The individual 
doses were weighed on an analytical balance prior to each experi- 
mental run. Dosing was carried out by means of a small laboratory 
microspatula. The weighed dose of ointment was carefully trans- 
ferred to the spatula and then placed inside the center of the lower 
lid, with care being taken not to irritate the eye or touch the corne- 
al epithelium with the instrument. The lower lid was gently moved 
upward to spread the dose uniformly over the corneal surface and 
then released. No further mechanical action was performed, and 
the remainder of the run was carried out using the same basic ex- 
perimental techniques previously discussed. 


' Allergan Pharmaceuticals, Irvine, Calif. 
Mini Vial, ICN Isotope and Nuclear Division, Cleveland, Ohio. 
Aquasol, New England Nuclear, Boston, Mass. 
Klubertanz, Edgerton, Wis. 


Biopette, SchwarzIMann, Orangeburg, N.Y. 
Packard 2002, Packard Instrument Co., Downers Grove, Ill. 
Model CL, International Equipment Co., Needham Heights, Mass. 
Millipore, Millipore Corp., Bedford, Mass. 
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0.1 % Fluorometholone Ointment (25 mg) Predosed with Fluo- 
rometholone Saturated Solution-This study involved a combina- 
tion of the techniques described earlier for the fluorometholone 
saturated solution and the 0.1% fluorometholone ointment. Each 
run was initiated by dosing both eyes of the test animals with 50 g1 
of fluorometholone saturated solution. Ten minutes after instilla- 
tion of the saturated solution, a 25-mg dose of 0.1% fluoromethol- 
one ointment was instilled and spread over the corneal surface as 
in the previous ointment study. 


RESULTS 


Aqueous Humor Steroid Levels following Dosing with Flu- 
orometholone Saturated Solution-To determine the contribu- 
tion of the micronized steroid particles to the aqueous humor drug 
levels, a study was conducted using only the saturated solution 
component of the suspension. These results would provide a base- 
line to evaluate the rate and extent to which the particles dissolve 
when instilled into the eye. Any observed differences in aqueous 
humor steroid levels between the saturated solution and the sus- 
pension could then be attributed to the particles, and the magni- 
tude of this difference would provide some insight into their physi- 
cal behavior in the eye. 


The results of the study, using a 50-pl dose of saturated solution, 
are presented in Table I. The aqueous humor concentration versus 
time profile is depicted in Fig. 1. The results indicate that fluo- 
rometholone is a penetrating steroid which crosses the intact cor- 
nea to a significant extent within a short period following dosing, 
reaching a peak concentration in the aqueous humor at 30 min. 
The aqueous humor steroid levels then begin to decline rapidly. 
The apparent first-order rate constant for elimination was calcu- 
lated to be 0.021 min-'. A rigorous pharmacokinetic analysis of all 
data presented in this report will be presented in a subsequent 
publication. 


Aqueous Humor Steroid Levels following Dosing with 0.1, 
0.05, and 0.01 % Fluorometholone Suspensions-Table I also 
presents the data from the studies using the fluorometholone sus- 
pensions. A comparison of the aqueous humor concentration uer- 
sus time profiles obtained can be made by referring to Fig. 1. Error 
bars have been omitted for the sake of clarity. As in the case of the 
saturated solution, the peak time for each of the three suspension 
concentrations occurs a t  30 min. However, in each case the peak 
aqueous humor steroid concentration was statistically higher than 
the baseline value obtained for the saturated solution. This finding 
may be attributed to the rapid dissolution and availability of small 
particles in the system or to protein binding of drug to the compo- 
nents of tears. 


The 0.1% suspension maintains high aqueous humor levels for 
about 3 hr. Then the aqueous humor levels begin to decrease rap- 
idly, indicating that the sustaining mechanism has lost its capacity 
to provide additional drug. A first-order kinetic analysis of the lin- 
ear terminal portion of the curve results in an apparent elimina- 
tion rate constant of 0.015 min-'. This value is in good agreement 
with that obtained for the saturated solution. 


The aqueous humor levels of fluorometholone presented in 
Table I for the 0.1% suspension are somewhat smaller than the 
values previously reported for a 0.1% suspension (19). The peak 
concentration at  30 min was approximately three times larger than 
the current value. These differences are due to the different meth- 
ods of preparation of the two suspensions. 


The previous work was performed using a suspension prepared 
in this laboratory, since a commercially prepared tritium-labeled 
suspension was not available. A 0.1% suspension was prepared by 
suspending 10 mg of micronized fluorometholone in 10 ml of the 
ophthalmic vehicle. An aliquot of tritium-labeled fluorometholone 
was then added, and the suspension was allowed to equilibrate on 
a shaker for several days. This method is similar to that used for 
the preparation of prednisolone suspensions (18). The suspension 
used in the current study was commercially prepared. The tritium 
label was first randomized by recrystallization. The steroid was 
then micronized to a particle size of not larger than 2.5 p m  and re- 
constituted with ophthalmic vehicle according to the manufactur- 
er's commercial specifications. 


The results from the studies using the two suspensions demon- 
strate the importance of the physical properties of a suspension in 
regard to corneal drug penetration. While the qualitative aspects 
and the interpretation of the results of the previous study are not 


Table I-Concentration of Fluorometholone in Aqueous 
Humor following Topical Application of a Saturated 
Solution and  0.1, 0.05, and 0.01% Suspensions 


Micrograms per 
Milliliter 


t ,  min Number of Eyes of Aqueous Humor 


20 
30 
60 
90 
120 


Fluorometholone Saturated Solution 


20 
30 
60 
90 
120 


0.014 (o.ooij 
0.1% Fluorometholone Suspension 


12 
12 
11 
8 
10 


0.116 (0,010) 
0.144 (0.016) 
0.116 (0.016) 
0.099 (0.010) 
0.084 i0.012i 


180 6 0,066 (0. oioj 
240 6 0.023 (0.005) 
300 4 0.011 (0,001) 


0.05% Fluorometholone Suspension 
20 10 0.097 (0.014) 
30 8 0.120 (0,011) 
60 6 0.103 (0,011) 
90 8 0.085 (0.009) 
120 8 0.073 (0.006) 


0.01% Fluorometholone Suspension 
30 4 0.111 (0.007) 
60 6 0.053 (0.006) 
90 4 0.043 (0.007) 
120 6 0.020 (0.003) 


a Numbers in parentheses repreaent standard error of the mean. 


affected by these considerations, the values reported in the present 
study more accurately reflect the aqueous humor steroid levels 
achieved using a commercially available 0.1% fluorometholone sus- 
pension. 


The results of the study using the 0.05% fluorometholone sus- 
pension demonstrate that moderate dilution of the original sus- 
pension does not significantly lower the aqueous humor concentra- 
tion of steroid. A statistical analysis of the data from the two stud- 
ies failed to show a significant difference between the 0.1 and 
0.05% suspensions. These results support the belief that higher 
concentrations of suspensions containing slowly soluble substances 
do not necessarily provide increased amounts of drug to the aque- 
ous humor. Further work with more concentrated fluorometholone 
suspensions will be necessary to confirm this observed behavior 
over a wide range of concentrations. 


I h  


g 0.1 
- n$ 0.08 
0 $2 0.06 
k$ 0.05 


&: 0.04 


0.01 I. 
2030 60 90 120 180 240 300 


MINUTES 


Figure 1-Aqueous humor steroid concentrations following 
topical dosing with aqueous fluorometholone suspensions and 
saturated solution. Key:  m, 0.05 ml of saturated solution; @, 
0.05 ml of 0.1% suspension; A, 0.05 ml of 0.05% suspension; 
and 0, 0.05 ml of 0.01 % suspension. 
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Table IT-Concentration of Fluorometholone in  Aqueous 
Humor following Dosing with 0.05% Suspension and  
Rinsing with Saline at +30 rnin 


Micrograms per 


t, min Number of Eyes Aqueous Humor 
Milliliter of 


60 
90 


120 
180 


4 
8 
6 
7 


0.100 (0.017)a 
0.065 (0,008) 
0 .043  (0.002) 
0 .014 (0,004) 


Numbers in parentheses represent standard error of the mean. 


Although the experimental design for the 0.01% suspension was 
the same as that used for the 0.1 and 0.05% suspensions, the result- 
ing aqueous humor concentration uersus time profile is substan- 
tially different. The peak time and peak aqueous humor concen- 
tration are in good agreement with the two previous suspension 
concentrations, but Fig. 1 clearly indicates that the 0.01% suspen- 
sion does not show the sustaining effect. Once the peak aqueous 
humor concentration is achieved, the 0.01% suspension undergoes 
a rapid decline in aqueous humor steroid levels. This decline is 
similar to that of the saturated solution and the linear terminal 
portion of the profile for the 0.1% suspension. First-order kinetic 
analysis of the curve for the 0.01% suspension gives an apparent 
elimination rate constant of 0.019 min-'. 


Aqueous Humor Steroid Levels following Dosing with 
0.05% Fluorometholone Suspension and Rinsing with Saline- 
To confirm that the sustaining mechanism of the suspension sys- 
tems is due to steroid particles retained within the cul-de-sac of 
the eye, a study was performed in which the eyes of the test ani- 
mals were thoroughly rinsed with saline solution 30 min after in- 
stillation of 50 pl of the 0.05% fluorometholone suspension. The 
data obtained are presented in Table 11. 


The first sample point chosen for this study was 30 min after 
rinsing of the eyes with saline. This time corresponds to a sample 
time of 60 rnin postinstillation of the initial dose of suspension. It 
can be seen in Fig. 2 that the aqueous humor steroid concentration 
at  this time point coincides with that obtained from the previous 
study using the 0.05% suspension. However, beyond this point the 
aqueous humor steroid levels begin a characteristic decline as ob- 
served in previous cases. The apparent first-order rate constant for 
elimination was calculated to be 0.016 min-', in good agreement 
with those values calculated for the 0.1 and 0.01% suspensions and 
the saturated solution. 


Aqueous Humor Steroid Levels following Dosing with 0.1 % 
Fluorometholone Ointment-Since studies with the aqueous flu- 
orometholone suspensions demonstrated the importance of parti- 
cle dissolution in achieving increased aqueous humor steroid levels 
over those produced by a simple saturated solution, it was consid- 
ered worthwhile to investigate another physical parameter. Fluo- 
rometholone is a steroid with very low water solubility and strong 
lipophilic character. It was felt that incorporating this steroid in an 
oleaginous ointment vehicle would yield valuable information re- 
garding its behavior in the eye. Partitioning of the drug from the 
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Figure 2-Aqueous hu- 
mor steroid concentra- 
tions following topical 
dosing with aqueousfluor- 
ometholone suspensions 
and saturated solution. 
K e y :  A, 0.05 ml of  0.05% 
suspension rinsed with 
saline at +30 min; A, 
0.05 ml of 0.05% S U S -  


pension; and ., 0.05 ml 
of saturated solution. 


Table 111-Concentration of Fluorometholone in  Aqueous 
Humor following Topical Application of 0.1 % Ointment 


Micrograms per 
Milliliter of 


t, rnin Number of Eyes Aqueous Humor  


30 
60 


120 
180 
240 
300 
360 
420 
480 


120 
180 
240 


50-mg Dose 
5 0.017 (0. 007)u 
4 0.065 (0.014) 
4 0.105 (0.023) 
4 
4 
4 
4 
4 
4 


4 
4 
4 


25-mg Dose 
0.009 (o.ooi j  


0.102 (0.016) 
0.146 (0.006) 
0.102 (0.010) 


300 4 0.053 (0. oioj 
360 4 0.029 (0.003) 


Numbers in parentheses represent standard error of the mean. 


oleaginous vehicle to the precorneal tear film would then be a po- 
tentially rate-limiting step in the corneal penetration process and 
would be reflected in the results of studies performed in the same 
manner as those using the aqueous suspensions. 


The results of the studies using two different doses of the 0.1% 
ointment are presented in Table I11 and illustrated by the curves 
in Fig. 3. Runs using the 50-mg dose gave a slow rise in aqueous 
humor steroid levels, with the peak concentration occurring at  180 
min. The aqueous humor steroid concentration is then maintained 
at high levels for up to 360 min, giving the curve a broad bell shape 
in the interval from 120 to 360 min. The declining steroid levels 
beyond the 360-min time point were analyzed using first-order ki- 
netics, and the linear terminal portion of the curve yielded an 
elimination rate constant of 0.018 min-'. This value is again in ac- 
cordance with the value obtained for the aqueous fluorometholone 
systems. 


To assess the effect of smaller doses of ointment, a study was 
performed using a 25-mg dose of the same 0.1% fluorometholone 
ointment. A comparison of the aqueous humor concentration uer- 
sus time profiles for the two doses can be made by referring to Fig. 
3. The 25-mg dose produces statistically equivalent levels of aque- 
ous steroid in the time interval from 120 to 240 min. 


Aqueous Humor Steroid Levels of 0.1 % Fluorometholone 
Ointment Predosed with Fluorometholone Saturated Solu- 
tion-Since the results from the ointment studies indicated that 
partitioning of the lipophilic steroid from the oleaginous ointment 
base was limiting the rate a t  which peak aqueous humor steroid 
levels were being achieved, the effect of providing immediately 
available steroid to the precorneal tear film in conjunction with a 
dose of ointment was investigated. To effect this dosing require- 
ment, a 50-pl dose of fluorometholone saturated solution was in- 
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Figure 3-Aqueous humor steroid concentrations following 
topical dosing with 0.1 % fluorometholone ointment. K e y :  0 , 5 0 -  
mg dose; and A, 25-mg dose. 
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Table IV-Concentration of Fluorometholone in  Aqueous 
Humor Using 0.1% Ointment Predosed with 
Fluorometholone Saturated Solution 


Micrograms per 
Milliliter of 


t ,  min Number of Eyes Aqueous Humor 


30 
60 
120 
180 


4 
4 
4 
4 


0 is0 (0. oi4j 
0.100 (0.011) 
0 .098  (0.010) 


a Numbers in parentheses represent the standard error of the mean. 


stilled into the eyes of the test animals 10 min prior to the instilla- 
tion of a 25-mg dose of the 0.1% ointment. 


The results of this study are presented in Table IV. A compari- 
son of the aqueous humor steroid concentration uersus time pro- 
files for this study and the two previous ointment studies can be 
made by referring to Fig. 4. It is clear that the immediate availabil- 
ity of the steroid from the saturated solution allows for a rapid rise 
in aqueous humor steroid levels relative to the other two ointment 
studies. The 30-min steroid level is significantly higher than that 
obtained for the nonpredosed ointments, and the peak aqueous 
humor steroid concentration is achieved 60 min after instillation of 
the dose-2 hr prior to the peak in the previous studies. The aque- 
ous humor steroid concentration is then maintained at  high levels 
as in the case of the nonpredosed ointment studies. 


DISCUSSION 


Contribution to  Aqueous Humor Steroid Levels by Fluo- 
rometholone Particles in Aqueous Dosing Systems-The for- 
mulation of a drug as an aqueous suspension presumably has the 
advantage that the micronized particles persist within the cul-de- 
sac of the eye for prolonged periods. Particle dissolution then pro- 
vides a sustaining source of drug to the precorneal tear film. Since 
fluorometholone possesses such a high degree of lipophilic charac- 
ter, one would not intuitively expect an aqueous dissolution rate 
rapid enough to provide significant amounts of additional steroid 
within the residence time of the particles in the eye. With this as- 
sumption, one would then expect that a suspension of this steroid 
would not provide significant increases in aqueous humor steroid 
levels over that of a simple saturated solution. In the absence of 
significant particle dissolution, the drug that penetrates the cornea 
would come only from the steroid actually in solution upon instil- 
lation of either dosing system. Since the solution surrounding any 
suspension of particles is in a state of saturation, the two dosing 
systems would be essentially equivalent in their ability to provide 
drug to the precorneal tear film. 


The results of the suspension and saturated solution studies pre- 
sented in this paper demonstrate that this is only partially correct. 
A comparison of the curves in Fig. 1 clearly shows that a signifi- 


2030 60 90 120 180 240 300 360 420 480 
MINUTES 


Figure 4-Aqueous humor steroid concentrations of fluoro- 
metholone following topical dosing with 0.1 % ointment and 
aqueous saturated solution. Key:  A, 25 mg ointment predosed 
with 0.05 ml saturated solution; 0 ,  50 mg ointment; A, 25 mg 
ointment; and m, 0.05 ml of saturated solution. 


cant amount of fluorometholone is provided by the particles in the 
suspensions. The aqueous humor steroid levels are statistically 
higher for the suspensions relative to the saturated solution. These 
results require an explanation as to the mechanism by which the 
particles are able to provide additional drug to the eye rapidly. 
The manner in which this dissolution process occurs can perhaps 
be explained on the basis of the extremely large surface areas asso- 
ciated with micronized suspensions. Considering the small volume 
of fluid actually in the eye (14) and the extensive surface area 
available for dissolution, it does not seem unreasonable that the 
suspension is able to provide additional steroid quickly. 


The natural surface-active properties of the tears and the con- 
junctival mucin (23, 24) would also be expected to exert a favor- 
able influence on the dissolution rate of the instilled particles. This 
additional steroid would then be available to enter the lipophilic 
epithelial layer of the cornea. Hence, one sees significant increases 
in aqueous humor steroid levels with the suspensions over those 
produced by the saturated solution, even at  very short times fol- 
lowing instillation of the doses. However, the interplay of contact 
time and dissolution rate is illustrated by the fact that the 0.1% 
suspension does not significantly improve the aqueous humor ste- 
roid levels over those produced by the 0.05% suspension. 


The results obtained from the study using the saline-rinsed 
0.05% suspension (Fig. 2) confirm for the first time that particles 
in an instilled dose of suspension are retained within the cul-de-sac 
of the eye. These particles are also responsible for the sustaining 
effect produced by the 0.1 and 0.05% suspensions. Evidence comes 
from the observation that the sustaining effect seen with the sus- 
pension is prematurely terminated by the rinsing process. The 
data for the rinsed suspension also show that steroid is provided to 
the aqueous humor for approximately 30 min beyond the point 
that the particles are removed from the cul-de-sac. This evidence 
strongly supports the existence of a reservoir somewhere in the 
cornea. 


To explain the nonsustaining results from the 0.01% suspension 
study, it is worthwhile to note that this is an extremely dilute sys- 
tem and contains quite a small fraction of particles. Preliminary 
data from this laboratory indicate that this system contains only 
about 10 times the amount of steroid present in the saturated solu- 
tion. A certain degree of particle contribution is evidenced by the 
fact that the 30-min point for the 0.01% suspension is statistically 
higher than that for the saturated solution. However, this contri- 
bution is not sufficient to sustain the aqueous humor levels. A rea- 
sonable explanation would be rapid removal of the small number 
of particles through the processes of drainage and tear turnover. 


It is appropriate a t  this point to mention the possible influence 
on the results due to the method of preparation of the 0.05 and 
0.01% suspensions. Since the 0.1% suspension was the only formu- 
lation available from the manufacturer at the time this study was 
performed, i t  was necessary to dilute the original suspension to 
produce the two lower concentrations. Although the vehicle itself 
was not altered in any way, subsequent equilibration after dilution 
was probably achieved at the expense of the smaller particles in 
the systems. Thus, the range of particle sizes was perhaps not con- 
sistent throughout the various suspension systems, with the lower 
concentrations possibly having a smaller percentage of the finer 
particles and a narrowed size distribution. This could have also in- 
fluenced the behavior of the 0.01% suspension, since this system 
would have been affected the most by the dilution and equilibra- 
tion process, especially if the sustaining mechanism is primarily 
maintained by the finer particles in the suspension. 


If the method of preparation does have an effect on the results, 
the implication is that particle size has an influence on the aque- 
ous humor drug levels produced by a suspension system. Current 
studies in this laboratory are being performed to investigate the 
influence of particle size on the corneal penetration of steroids and 
the results will be reported. 


Effects of Vehicle on Aqueous Humor Levels of Fluo- 
rometholone-The epithelial layer of the cornea is highly lipophi- 
lic in character, whereas the stromal region tends to be more hy- 
drophilic. It does not seem unreasonable to expect that a highly 
lipophilic steroid such as fluorometholone will tend to concentrate 
in the epithelial layer, perhaps even reaching a saturation concen- 
tration prior to passage through the hydrophilic layers of the cor- 
nea. Such a mechanism is not unlikely and was recently speculated 
upon for other steroidal compounds in a study using prednisolone 
acetate (9). In such a process, the rate and extent to which the epi- 
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Figure 6-Comparison of the aqueous humor steroid con- 
centrations of fluorometholone following dosing with two aqueous 
dosing systems and 0.1 % ointment. K e y :  ., 0.05 ml of saturated 
solution; 0, 0.05 ml of 0.1 % suspension; and 0,50-mg dose of 
ointment. 


thelial layer is saturated with steroid as well as the duration of this 
condition will influence the peak time, the peak concentration, and 
the maintenance of high steroid levels in the aqueous humor. 


Figure 5 provides a perspective for a comparison of the results 
from the aqueous dosing systems and the oleaginous ointment. 
These results show several important aspects regarding the influ- 
ence of the vehicles used in the present study: 


1. The suspension does not obey strict sustained-release princi- 
ples as evidenced by the absence of a true plateau in its aqueous 
humor concentration uersus time profile. 


2. The oleaginous vehicle causes an increase in the time re- 
quired to reach peak steroid levels in the aqueous humor. 


3. The area under the curve for the 0.1% ointment is considera- 
bly greater than that produced by a similar dose of the 0.1% sus- 
pension. 


Upon instillation of a dose of the aqueous systems, the drug is 
immediately available from the steroid present in solution, as re- 
flected by the relatively short peak time seen with these systems. 
For the suspensions, additional steroid becomes available through 
the process of particle dissolution. This process serves to maintain 
high levels in the aqueous humor but is not sufficient to provide a 
true sustaining mechanism. The ointment does sustain relatively 
constant levels of steroid but suffers from a delay in the time re- 
quired to achieve these levels. Failure of the suspension to produce 
a true plateau indicates that a constant drug concentration in the 
tear film could not be maintained, due presumably to the slow dis- 
solution rate of drug and/or drainage loss of drug. 


The shift of the peak time seen with the ointment indicates a 
change in the rate-limiting mechanism. Unlike the aqueous sys- 
tems, the ointment does not provide immediately available steroid. 
Partitioning of the steroid from the oleaginous vehicle decreases 
the availability of drug for a period of time following dosing. This 
partitioning process becomes the rate-controlling step in this case 
and causes a delay in the time to reach peak aqueous humor ste- 
roid levels. This delay can be easily overcome, as shown by the pre- 
dosed ointment study. The dose of saturated solution compensates 
for the inability of the ointment to provide steroid immediately 
following dosing. This finding suggests that an oil-in-water or 
water-in-oil emulsion system might generate a better drug concen- 
tration-time profile. Furthermore, the delayed nature of the parti- 
tioning process for the ointment is reinforced by the fact that the 
30-min steroid levels for the original saturated solution study and 
the predosed ointment study are essentially the same (Fig. 4). 


Future studies will be performed in this laboratory using higher 
concentrations of fluorometholone ointment to investigate the in- 
fluence of this parameter. Higher concentrations of steroid should 


provide greater amounts of steroid to the precorneal tear film (as- 
suming it is less than saturated), and the early portion of the pro- 
file should show a steeper rise of higher levels of aqueous humor 
steroid at  the earlier time points. 


Although the peak time is extended in the case of the ointment, 
the duration of the aqueous humor levels is longer relative to the 
suspension. Increased contact time of the ointment is a possible 
explanation for this finding, but this cannot be stated with certain- 
ty. It is clear, however, that the area under the curve for the oint- 
ment is greater than that for the suspension. It must be concluded 
that the availability of fluorometholone from the ointment is 
greater. Therefore, it appears that for fluorometholone the great- 
est ocular bioavailability would be obtained by predosing the eye 
with a saturated solution or the 0.1% suspension followed by a dose 
of ointment. 
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Epicillin and  Ampicillin: Crystalline 
Modifications and  Their 
Physicochemical Differences 


Keyphrases 0 Epicillin-crystalline modifications, physicochemi- 
cal properties Ampicillin-crystalline modifications, physico- 
chemical properties 0 Antibiotics-epicillin and ampicillin, crys- 
talline modifications and their physicochemical differences 


To the Editor: 


Epicillin (I), a new broad spectrum semisynthetic 
penicillin, is formed by the coupling of 6-aminopeni- 
cillanic acid with D-a-amino-1,4-cyclohexadiene-l- 
acetic acid (1). Its bacteriology (2, 31, pharmacology, 
and clinical applications have been reported (4-8). 
Epicillin is similar to ampicillin (11) in antimicrobial 
activity, although epicillin may exert a significantly 
greater bactericidal activity i n  uitro against certain 
Gram-negative bacteria than does ampicillin (2). 


Although the molecular structure of epicillin dif- 
fers only slightly from that of ampicillin, the differ- 
ence being confined to the side chain, some physico- 
chemical properties of epicillin differ significantly 


Table I-X-Ray Powder  Diffraction Pa t t e rns  of Epicillin 
Anhydra t e  a n d  Epicillin Trihydrate  


Epicillin Anhydra t e  Epicillin T r ihydra t e  


cL,J IlIlb d I / I I  
1 1 . 3  0.17 11 .8  0 . 2 1  
10.7 0 . 4 9  8.0 0.11 
10 .2  0 .09  7 . 8  0 .14  


6.55 
6 . 1 5  
5 . 9 2  
5 . 6 2  
5 . 4 8  
5 .10  
4.57 
4 . 4 1  
4 . 3 2  
4 . 2 2  
4 . 1 1  
3 .95  
3 .85  
3.75 
3 . 5 1  
3 . 4 5  
3 .40  


0.06 
0 . 2 5  
0.16 
0 .22  
0 .80  
0 . 2 8  
0.04 
0 .24  
0.11 
0 . 2 0  
0 .45  
0 .62  
1.00 
0 . 1 2  
0 .14  
0 . 1 2  
0 . 2 4  


7 . 2  
5.82 
5.44 
5.13 
5.07 
4 . 9 0  
4 . 5 6  
4.47 
4.40 
4.10 
4 . 0 1  
3.95 
3 .82  
3 . 7 6  
3 . 6 0  
3 . 4 8  
3 .45  


0.88 
1.00 
0 . 2 1  
0 .25  
0 . 2 1  
0 .89  
0 .56  
0 . 2 8  
0 .24  
0 . 3 6  
0 . 4 1  
0 . 2 1  
0 . 5 0  
0 .59  
0.17 
0 .32  
0 .52  


3.35 0 . 1 2  3 . 3 2  0 . 6 1  
3 . 1 3  0.01 3 . 2 1  0.19 
3 . 0 7  0 . 3 8  3.17 0.15 
2 .96  0 . 1 2  3 . 0 8  0 .62  
2.90 0 . 1 2  3 . 0 3  0 . 2 9  
2.85 0.09 2 .97  0 .24  
2 . 8 1  0 .12  2 . 9 1  0.14 
2.76 0.11 2 .80  0 .34  
2.69 0 .11  2 .74  0 .18  
2.62 0 . 2 1  2.69 0.18 
2 . 5 8  0 . 1 2  2.66 0.16 
2 .48  0.11 
2 . 4 1  0 . 0 5  
2 . 3 0  0.11 
2 .25  0.19 


2.60 0 . 2 1  
2.58 0.25 
2 . 5 1  0 . 2 0  
2 . 2 6  0 .23  


0 Interplanar spacing in angstrom unit. b Relative intensity visual esti- 
mation, radiation; Cu/Ni (Norelco, model IC 2000, Philips Electronic Instru- 
ments, Mount Vernon, N.Y.). 


from those of ampicillin; these differences are re- 
ported herein. 


At room temperature ( 2 5 O ) ,  epicillin trihydrate is 
about four times more soluble in water than is the 
anhydrate, 17.8 and 4.1 mg/ml, respectively. In con- 
trast, ampicillin trihydrate is less soluble than is the 
anhydrate (9, lo),  7 and 10 mg/ml, respectively. In a 
study of ampicillin solubility a t  different tempera- 
tures, the solubility curves for the anhydrous and 
trihydrate forms intersected at about 50°, the transi- 
tion temperature of these two crystalline forms (11); 
in a similar study, the transition temperature was 4 2 O  
(10). No clearcut transition temperature is obtainable 
for the epicillin anhydrate-epicillin trihydrate sys- 
tem. 


There is no evidence that epicillin anhydrate is 
converted to the trihydrate in an acidic slurry, even 
when kept overnight at  5'. Under similar conditions, 
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Figure 1- - IR spectra of polymorphic forms of epicillin: Key:  A ,  anhydrate; B ,  trihydrate; and C ,  amorphous form. 


however, ampicillin anhydrate is converted to the 
crystalline needle-like trihydrate (12, 13) within 12 
hr. Conversely, an aqueous slurry of epicillin trihy- 
drate is converted to the anhydrate a t  ambient tem- 
peratures, and the conversion is accelerated if the 
slurry is heated to about 40'. In the case of ampicillin 
trihydrate, an aqueous slurry can be converted to  the 
anhydrate only a t  80-100' (11). Evidently, ampicillin 
trihydrate is more stable than the anhydrate, where- 
as the reverse is true for epicillin. 


Epicillin is isolated more easily in the anhydrous 
form than as the trihydrate, although pure crystals of 
the latter can be obtained under controlled condi- 
tions, i . e . ,  acid-base recrystallization from an acidic 
aqueous solution when the pH is raised to between 
3.5 and 4.5, preferably a t  0 - 5 O .  If the crystals are 
dried without heating and under reduced pressure, 


their trihydrate form is maintained. The anhydrate is 
obtained when the temperature of an aqueous sus- 
pension of epicillin trihydrate is raised to 25-40' or 
higher or, alternatively, when the pH of an aqueous 
alkaline solution of epicillin is adjusted to about 5 by 
the addition of acid. 


Although the existence of ampicillin rnonohydrate 
has been reported (14), crystalline epicillin monohy- 
drate has not yet been isolated. 


Prolonged drying of epicillin trihydrate at  50' 
under reduced pressure, in the presence of a dehy- 
drating agent, results in formation of the amorphous 
form. This form of epicillin may be converted to ei- 
ther the anhydrous or trihydrate form by recrystalli- 
zation. 


Crystals of epicillin anhydrate are rectangular or 
plate-like, whereas those of the trihydrate are rod 
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shaped or needle-like. The X-ray powder diffraction 
patterns of the anhydrous and trihydrate forms of 
epicillin are distinguishable (Table I). The X-ray dif- 
fraction patterns of epicillin and ampicillin and of 
epicillin trihydrate and ampicillin trihydrate, respec- 
tively, are similar. The amorphous form of epicillin 
shows no X-ray diffraction pattern. 


Epicillin trihydrate contains 13.3% of total vola- 
tiles or water, as determined by thermal gravimetric 
or Karl-Fischer analysis. Differential thermal analy- 
sis of the trihydrate shows characteristic endotherms 
a t  92, 102, and 120' and an exotherm peak at about 
213-218'; the anhydrate shows only an exotherm 
peak at about 215-220'. Differential thermal analysis 
of the amorphous form of epicillin shows only one in- 
flection near 170'. Thermograms of ampicillin and 
ampicillin trihydrate resemble those of epicillin and 
epicillin trihydrate, respectively'. 


The solid polymorphic forms of epicillin may also 
be distinguished by their IR spectra (Fig. 1). Spectra 
of epicillin anhydrate (A) and epicillin trihydrate (B) 
differ in the NH and OH stretching regions. A very 
sharp isolated band at 2.99 p m  is characteristic of the 
anhydrous form, whereas less sharp peaks a t  about 
2.85 and 2.90 pm are found for the trihydrate. The 
anhydrate also shows distinct bands a t  5.65, 5.92, 
6.12, 6.32, 6.55, 6.71, 6.86, 7.20, 7.30, 7.37, 7.68, and 
7.99 pm; the trihydrate shows corresponding bands at 
5.64, 5.95, 6.15, 6.25, 6.36, 6.71, 6.85, 7.02, 7.08, 7.15, 
7.25, 7.30, 7.52, 7.68, and 7.99 pin. There are, in addi- 
tion, striking differences between the two crystalline 
forms of epicillin evident in the fingerprint region of 
the IR spectrum (beyond 8 pm). Spectrum C shows 
the typically poor resolution characteristic of the 
amorphous form of epicillin. The IR spectra of ampi- 
cillin and its hydrated forms were reported previous- 
ly (11,141. 


Neither the trihydrate nor the anhydrate of epicil- 
lin is hygroscopic at  30' when exposed to an atmo- 
sphere of 85% relative humidity for 24 hr or to 100% 
humidity for 2 hr. The amorphous form of epicillin, 
however, increases in moisture content by 5-8% with- 
in 2 hr in air at ambient temperature. 


When the epicillin trihydrate is heated in uacuo 
(dehydrated) at  50' for 4 days, the crystal lattice is 
ruptured and the compound is converted to the 
amorphous form; under these circumstances, loss of 
activity (11%) occurs. Similarly, ampicillin trihydrate 
and monohydrate showed losses in potency after rup- 
ture of their crystal lattices (9). 
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Changes in Pharmacokinetics of 
Cefazolin due t o  Stress 


Keyphrases Cefazolin-pharmacokinetics, changes due to 
stress Pharmacokinetics-cefazolin, changes due to stress 
Stress-effects on pharmacokinetics of drugs, cefazolin 


To the Editor: 


Several investigators (1-4) have published cefazol- 
in blood level data after intravenous infusion or bolus 
dose injection. In every case the pharmacokinetics of 
this drug have been described by a one-compartment 
model. Inspection of the data indicates that the de- 
cline in blood levels is a biexponential process and 
that the pharmacokinetics of this drug are more ap- 
propriately described by at  least a two-compartment 
model, as was confirmed in our laboratories using 
normal human volunteers. 


A 1-g dose of the drug was administered intrave- 
nously and serum samples were analyzed for cefazol- 
in concentration as a function of time. The serum 
samples were assayed by absorbing 20 pl of suitably 
diluted serum on filter paper disks and placing the 
disks in bacto antibiotic medium No. 1 agar plates. 
Nine to 10 ml of agar, previously seeded with Bacil- 


Scheme I 
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0.033 mole), 2,3-dichloroquinoxaline (6.0 g, 0.03 mole), methanol 
(200 ml), and water (20 ml) were heated under reflux for 2 hr, di- 
luted with 150 ml of water, and filtered. The dried solid was re- 
crystallized from 250 ml of dimethylformamide and dried at  140' 
(0.2 mm) for 2 hr to give 3.2 g (25%) of bright-yellow crystals, mp 
298-320O dec.; IR: 2210 (CEN), 1505,1180, and 1120 (quinoxaline 
ring) cm-l. 


Anal.-Calc. for C12HdN&: C, 53.71; H, 1.50; N, 20.88; S,,23.90. 
Found: C, 54.07; H, 1.74; N, 20.5; S, 23.6. 
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Bisulfite-Ion-Catalyzed Degradation of Fluorouracil 


GERALD S. RORK and IAN H. PITMANS 


Abstract 5-Fluorouracil (I) reversibly adds bisulfite ion across 
its >C5=C6< bond to form 5-fluoro-5,6-dihydrouracil-6-sulfonate 
(11). The pH-independent equilibrium constant for this reaction 
was calculated to be 560 M-' at  ionic strength 1.00 M at 25'. 
Compound I1 was observed to be unstable in alkaline solution and 
reacted to yield uracil-6-sulfonic acid, fluoride ion, and a-fluoro- 
8-ureidopropionic acid-P-sulfonate (III), along with I (oia a loss of 
HSOs-). In strongly alkaline conditions, i.e., 1 M NaOH, 111 was 
observed to undergo a subsequent reaction to  produce a compound 
believed to be a-fluoro-0-ureidoacrylic acid (V) or fluoromalonal- 
dehydic acid (VII). These irreversible degradation reactions of I1 
lead to a complete degradation of I in sodium bisulfite solutions. 
The similarity of this bisulfite-ion-catalyzed degradation of I to its 
hydrolytic degradation is discussed. 


Keyphrases 0 Fluorouracil-bisulfite-ion-catalyzed degradation 
0 Sodium bisulfite-role in degradation of 5-fluorouracil, nucleo- 


philic addition 0 Equilibrium-bisulfite ion addition to fluoroura- 
cil 


It has been reported (1) that the antimetabolite 5- 
fluorouracil (I) undergoes a reversible, covalent addi- 
tion of bisulfite ion (HS03-) across its 5,6-carbon- 
carbon double bond to yield 5-fluoro-5,6-dihydroura- 
cil-6-sulfonate (11). Additional findings that I1 
undergoes irreversible reactions in sodium bisulfite 
solutions leading to complete degradation of I 
(Scheme I) are now reported. 


Although I is comparatively stable a t  room temper- 
ature in aqueous buffers that do not contain sodium 
bisulfite', it  has been observed to degrade at  higher 


~ ~~ ~ 


Fluorouracil is formulated for injection as a H 9 solution (adjusted with 
sodium hydroxide) at a concentration of 50 m g h l .  Fluorouracil package in- 
sert, Roche Laboratories, Dec. 1972. 


temperatures and in alkaline conditions (2). It has 
been suggested that the first step in these reactions is 
covalent hydration of the 5,6-double bond of I to pro- 
duce 5- or 6-hydroxy-5-fluoro-5,6-dihydrouracil, 
which then degrades to  nonchromophoric products 
(via opening of the pyrimidine ring) (2). 


The results of the present study are discussed in 
terms of similarities between the water-catalyzed and 
bisulfite-ion-catalyzed degradations of I. 


EXPERIMENTAL 


Materials and Equipment-Fluorouraci12 was used as re- 
ceived. All water was redistilled from a Pyrex apparatus before 
use. All other chemicals were a reagent grade and were used with- 
out additional purification. 


Potassium 5-fluoro-5,6-dihydrouracil-6-sulfonate monohydrate 


0 


H 0 
I 


H 
n 


Scheme I 


Sigma Chemical Co. 
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was isolated from the reaction of I in a potassium sulfite solution 
at  pH 5. Approximately 0.3 g of I was added to 4 ml of a saturated 
solution of potassium sulfite, which had been adjusted to pH 5 
with concentrated hydrochloride acid. After stirring at  room tem- 
perature for 1 hr, the mixture was heated to 95" and a clear solu- 
tion was obtained. 


White crystals formed on cooling and were collected by filtration 
and then washed with cold water and anhydrous ether. The NMR 
and UV spectra of this material are consistent with that previously 
reported (1) for the sodium salt of 11, which was isolated in a dif- 
ferent procedure. 


Anal.-Calc. for C4H6FKN20& C, 17.90, H, 2.24; N, 10.44. 
Found C, 17.65; H, 2.26; N, 10.16. 


Similarly, potassium 5-fluoro-l,3,5-trideutero-5,6-dihydroura- 
cil-6-sulfonate with one molecule of D2O of crystallization was iso- 
lated when the this procedure was followed using DzO and DCl in 
place of HzO q d  HCl. 


Anal.-Calc. for C4HDflKN206S: C, 17.58; D and H (as H), 
2.20; N, 10.25. Found C, 17.41; D and H, 2.17; N, 9.86. 


Kinetic and Equilibria Measurements-The kinetics and 
equilibria of addition of HS03- to I were measured by following 
the loss of absorbance of I in the 270-290-nm region that occurred 
after mixing solutions of I with aqueous buffer solutions contain- 
ing sodium bisulfite. Unless otherwise stated, all solutions were 
measured at  ionic strength 1.00 M (adjusted with potassium chlo- 
ride) and a t  25". 


Typically, 0.005-0.010 ml of a 0.1 M solution of I a t  pH 10 was 
added to a 1-cm cell. The cell contained 3.0 ml of an aqueous buff- 
er containing sodium bisulfite and had been equilibrated at  25' in 
the cell compartment of a spectrophotometer. (The reference cell 
contained an identical solution and the instrument had been bal- 
anced at zero absorbance.) The cell was then inverted several times 
to ensure complete mixing, and the resultant loss in absorbance 
was followed as a function of time. 


Observed first-order rate constants (k o~ values) were calculated 
from the slopes of semilogarithmic plots of the absorbance 
changes, (A - A 3, versus time. Since I1 did not have any signifi- 
cant absorbance in the 270-290 region, the absorbance value at  the 
start of the reaction Ao, and the absorbance value at  equilibrium, 
A -, could be used to calculate an observed equilibrium constant 
for the addition of HS03- to I. The equilibrium constants were 
calculated as described under Results and Discussion. 


The kinetics of reactions of I1 in aqueous solutions were followed 
by mixing 0.005-0.010 ml of a 0.10 M solution of I1 in water with 
3.0 ml of a particular buffer and observing the resultant absorb- 
ance changes that occurred in the UV spectrum of the solution. 


A value of 6.50 f 0.03 was calculated for the pKa of HSO3- from 
a potentiometric titration of sodium sulfite with standard hydro- 
chloric acid solution at  ionic strength 1.00 M (adjusted with potas- 
sium chloride) a t  25O. The pKa of I was 7.71 f 0.05 from spectro- 
photometric measurements a t  ionic strength 1.00 M at 25". 


Paper Chromatography-The paper chromatographic system 
used to separate the degradation products of the reaction of I1 in 
alkaline solution utilized 95% ethanol-acetic acid-water (801010) 
as the developing solvent (ascending) on filter paper3. Strips 4 X 
18 cm were cut, and duplicate spottings of the solution to be ana- 
lyzed were made l cm from each edge of the strip and l cm from 
the bottom. 


The developing solvent was allowed to ascend 10-12 cm and the 
strip was then allowed to dry. Spots were detected by three diffkr- 
ent methods: 1, illuminating by a 254-nm lamp; 2, spraying with a 
5% methanolic potassium hydroxide solution, drying, and illumi- 
nating with a 254-nm lamp; and 3, spraying with a 3% solution of 
p -dimethylaminobenzaldehyde which was also 5% in hydrochloric 
acid. 


Since duplicate spottings were made, the developed chromato- 
gram was cut in half from top to bottom. Methods 1 and 2 were ap- 
plied to one half, while Method 3 was applied to the other. 


RESULTS AND DISCUSSION 


Kinetics and Thermodynamics of Addition of HSOJ- to I- 
The reversible addition of HS03- to I is believed4 to involve attack 


Whatman No. 2. 
F. A. Sedor, D. G. Jacobson, and E. G. Sander, to be published. 


1000 


100 


10 


by s03+ at  C-6, followed by protonation at C-5, in the forward di- 
rection (addition) and general and specific base-catalyzed removal 
of the C-5 proton, followed by elimination of S03-2, in the reverse 
direction (desulfonation). A similar two-step process has been sug- 
gested to occur in the reversible addition of HS03- to other uracil 
derivatives (3). The kinetic results of the present study closely par- 
allel those obtained by Sedor et aL4 and thus have not been includ- 
ed in detail. 


Values of the observed equilibrium constant for addition of 
HS03- to I (Scheme I) were calculated from the slopes of plots of 
(A0 - A-)/A, values uersus the total sulfites concentration in so- 
lution, [ST] = [HSOB-] + [s03-'], for a series of solutions at con- 
stant pH: 


where the term [IT] represents the concentration of 5-fluorouracil 
neutral molecule plus the concentration of 5-fluorouracil monoan- 
ion ([IT] = [I] + [I-]). 


It is expected that I1 exists predominantly as a monoanion in the 
pH range investigated (6.5-8.3) since its pKa for ionization of an 
imino proton is approximately 10.0. The pKa of 5,6-dihydrouracil- 
6-sulfonate was previously observed to be 10.65 (3). The K o b  
values can thus be expressed in terms of the pH-independent equi- 
librium constant, KE, and the acid dissociation constants for 
HS03-, I ( I ~ S 0 3 -  and I, KO1, as shown in Eq. 2: 
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Figure 2-Semilogarithmic plot versus time of the absorbance 
changes that occurred at 285 nm upon addition of I to a solution 
that was 0.233 M in sodium sulfite and 0.3 M in tromethamine 
buj$eratpH 8.31, ionic strength 1.00 M, 25'. 


Figure 1 shows the equilibrium pH profile of K o b  values calcu- 
lated from Eq. lb. The values are plotted semilogarithmically uer- 
sus pH, and the solid line was calculated from Eq. 2 using a value 
of K E  = 560 M - ' ,  with pKa' = 7.71 and pKaHS03- = 6.50. At con- 
stant total sulfite concentration, the equilibrium formation of I1 
becomes less favorable as the pH is increased above 5. Equation 2 
appears to describe this dependency adequately. 


Degradation Products of 11-At pH values below 8, only a 
first-order approach to equilibrium was observed when solutions of 
I were mixed with sodium bisulfite solutions. However, an addi- 
tional reaction was observed in solutions containing tromethamine 
buffer and sodium sulfite at pH 8.31. 


Figure 2 shows a semilogarithmic plot of the absorbance 
changes, (A-%,),, observed at  285 nm after a solution of I was 
mixed with a solutien at  pH 8.31, which was 0.233 M in sodium 
sulfite and 0.30 M in tromethamine buffer. These data suggested 
that I1 slowly degraded under these conditions. An observed first- 
order rate constant for this reaction was calculated to be 1.6 X 


sec-l from the terminal slope of Fig. 2. The intercept a t  zero 
time of this line was taken as the A, value for the first reaction in 
calculating the observed equilibrium constant, Kob ,  for the addi- 
tion of HSOa- to I a t  this pH. 


Further evidence that I1 underwent degradation reactions in al- 
kaline solutions came from the observation that I1 and 5-deutero- 
I1 (5-d-11) did not yield quantitative amounts of I uia a base-cata- 
lyzed desulfonation reaction. Figure 3 shows the UV spectrum of a 
2.00 X M solution of I in 0.01 N NaOH solution along with 
the UV spectra of 2.00 X M solutions of I1 and 5-d-I1 in 0.01 
N NaOH solution, which had been allowed to stand for 40 min at  
2 5 O .  A first-order appearance of the absorbance due to I was ob- 
served for each of these two solutions, and the observed rate con- 
stants were calculated to be 5.5 X 
sec-' for 5-d-11. 


From the spectral data shown in Fig. 3, it was calculated that 
the yield of I was 45% from I1 and 17.5% from 5-d -11. The lower 
percentage yield of I from 5-d-I1 is believed to result from a de- 
crease in the rate of the desulfonation reaction relative to a com- 


sec-' for I1 and 2.8 X 


peting side reaction, which occurred when a deuterium was incor- 
porated a t  C-5 of 11. Primary kinetic deuterium isotope effects in 
the range of 4-5 have been observed in the desulfonation reaction 
of similar HS03- adducts of uracils (3). Any deuterium isotope ef- 
fect on the side reaction was apparently smaller than that on the 
desulfonation reaction. Thus, these data suggest that a side reac- 
tion competes with the desulfonation of I1 and that it results in the 
formation of a compound with virtually no absorbance in the 
240-310-nm region. 


Figure 4 illustrates the changes in the UV spectrum that oc- 
curred with time in a solution that was 1.67 X M in I1 and 
0.01 N in sodium hydroxide. An isosbestic point was observed at 
256 nm during the reaction of I1 to I for at least seven half-lives (15 
min). These spectral data are also consistent with a reaction 
scheme in which a side reaction occurs parallel to the desulfona- 
tion reaction and leads to the formation of a nonchromophoric 
product. The slow increase in absorbance in the 260-nm region, re- 
sulting in loss of the isosbestic point, will be discussed below. 


investigate the nature of the degradation products formed from 5- 
d-I1 in alkaline solutions. The deuterated derivative was studied 
since it gave a higher percentage of products other than I, as men- 
tioned previously. 


The NMR spectra of Compounds I1 (spectrum A) and 5-d-I1 
(spectrum B) in D20 are shown in Fig. 5. After the pD of the solu- 
tion of 54-11 in D20 was increased to approximately 12 with a 
NaOD solution, the NMR spectrum of the resultant solution, spec- 
trum C, indicated that the singlet a t  4.9 ppm (due to 5-d-11) had 
disappeared and that signals due to I (doublet centered at  7.6 ppm, 
J = 5 Hz) and an unidentified compound (doublet centered at  5.25 
ppm, J = 29 Hz) had developed. 


The formation of a bright-yellow color when an acidic solution 
of p-dimethylaminobenzaldehyde was added to a portion of this 
solution suggested that some opening of the pyrimidine ring had 
occurred. Neither 54-11 nor I gave a positive test with this re- 
agent, which is specific for primary (uersus secondary) amines, 
amides, and ureido functions (4). 


NMR spectroscopy and paper chromatography were utilized to. 


1.0 


0.9 


0.8 


0.7 


0.6 
0 z a 


0.5 


2 
m 
U 


0.4 


1 0.3 


0.2 


0.1 


0 
220 240 260 280 300 320 


WAVELENGTH, nm 


Figure 3-UV spectra of 2.00 X 10-4 M solutions of 11 ( B )  
and 5-d-II (C)  in a 0.01 N NaOH solution measured 40 rnin 
after the solutions were made. The spectrum of a 2.00 X 
M solution of I in 0.01 N NaOH solution is shown for com- 
parison ( A ) .  
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Figure 4-UV spectral changes that occurred upon addition 
of I1 to a 0.01 N NaOH solution to yield a 1.67 X lo -*  M 
solution. The time, in minutes, after the addition of 11 is 
appropriately labeled for each scan. 


C 


It is known (5, 6) that 5,6-dihydrouracils hydrolyze at  the 3,4- 
linkage in alkaline solution to yield 8-ureidopropionic acids, which 
readily develop a similar yellow color with this reagent. It is ex- 
pected that 5-&I1 would undergo a similar 3,4-ring opening since 
the fluorine at C-5 would activate the C-4 carbonyl group toward 
attack by OH-. In the paper chromatographic analysis of this solu- 
tion, as described under Experimental, only one spot ( R f  0.07) was 
observed to develop a yellow color when sprayed with an acidic so- 
lution of p -dimethylaminobenzaldehyde. This spot was detectable 
with a 254-nm UV lamp only after spraying with a 5% methanolic 
potassium hydroxide solution. 


Apparently, the component exhibited in this low Rf spot and the 
doublet a t  5.25 ppm in spectrum C of Fig. 5 is a-deutero-a-fluoro- 


0 


+ F-, HOD --t 


-0 so,- -0 


rn 
Scheme II  


8-ureidopropionic acid-8-sulfonate (III), which was formed uia 
base-catalyzed 3,4-ring opening of 5-d -11 (Scheme 11). Compounds 
I1 and 54-11 were not observed to have measurable vicinal H-F 
couplings, apparently because of the specific orientation of the 
C5-F and C6-H bonds. 


The large coupling of 29 Hz, assigned to 111, is typical of vicinal 
H-F couplings on saturated carbon (7). Opening of the ring would 
allow rotation about the carbon-carbon bond, providing a differ- 
ent orientation of H and F. Thus, 3,4-ring opening could drastical- 
ly change the coupling constant of the C6-H and not markedly 
change its chemical shift. 


Two other spots were observed in the paper chromatographic 
analysis: one at Rf 0.50 and one a t  Rf 0.16. The spot at Rf 0.50 was 
detected with a 254-nm UV lamp and the Rf value was identical to 
that of authentic 5-fluorouracil (I). The spot a t  Rf 0.16 was also de- 
tectable with a 254-nm UV lamp but was less intense. This spot 
was cut from the chromatogram and eluted with a small volume of 
water. 


The UV spectrum of this solution strongly suggested that the 
compound was uracil-6-sulfonic acid (IV) (present as a sulfonate 
salt). This identification was based on the reported (8) spectral 
data of authentic IV [pKaz = 7.2; A,, 264 nm (c 8470 cm-l I%-') 
in 0.1 N HCl and X,, 293 nm (c 9190 cm-' M - l )  in 0.1 N NaOH]. 
The spectrum showed X, 264 nm at  pH <5, which then shifted to 
longer wavelengths with an isosbestic point a t  277 nm as the pH of 
the solution was increased. At pH 11-12, Xmax 293 nm was ob- 
served; the ratio of the 293-nm peak to the 264-nm peak (at pH 5) 
was 1.06. This value is in good agreement with the literature value 
of 1.09. 


A strong, positive test for the presence of fluoride ion was ob- 
tained for this solution, whose NMR spectrum and paper chroma- 
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figure 5-NMR spectral data for a solution of 11 in DZO ( A )  
and a solution of 5-d-11 in D 2 0  ( B ) .  Spectrum C was obtained 
several minutes after addition of sufficient NaOD solution in 
D20 to bring the p D  of Solution B to approximately 12-13. 
Spectrum D was measured several minutes after the addition of 
additional NaOD solution (40% NaOD in D20)  to Solution B .  
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tographic behavior has just been discussed, when i t  was treated 
with a zirconium-alizarin solution (9). Neither 5-d-11, I, nor any of 
the solution components gave a positive test with this reagent. 
Thus, it appears that the spot a t  Rf 0.16 is due to 5-d-IV, formed 
via HF elimination (Scheme 11). This compound would obviously 
not have appeared in spectrum C of Fig. 5 since it contains no hy- 
drogen substituents. It apparently is a relatively minor product in 
these reactions. 


UV spectral data (Fig. 4) indicated that the nonchromophoric 
product of the side reaction mentioned, presumably Compound 
111, slowly underwent a subsequent reaction in alkaline conditions 
to produce an unknown compound with a strong chromophore in 
the 240-280-nm region. When the Rf 0.07 spot was eluted with 
water and the resultant solution was made 1 M in sodium hydrox- 
ide, a peak with A,, 260 nm slowly developed over 1 hr. 


Similarly, when the solution whose NMR spectrum is shown as 
spectrum C in Fig. 5 was made strongly alkaline (by addition of 
several drops of 40% NaOD in DzO to the sample tube), the dou- 
blet a t  5.25 ppm was lost and a doublet centered at  7.67 ppm, with 
a coupling constant of 27 Hz, was observed as shown in spectrum 
D. 


These UV and NMR spectral changes that occurred in strongly 
alkaline conditions are apparently due to a degradation of 111 to ei- 
ther a-fluoro-8-ureidoacrylic acid (V) or fluoromalonaldehydic 
acid (VI) (Scheme 111). Compound VI has been reported (10) as a 
degradation product of 5-fluoro-6-hydroxy-5,6-dihydrouracil (VII) 
in I M NaOH solution, along with urea and a small amount (6%) of 
1. 


In a 1 M NaOH solution, VII was reported to have a strong chro- 
mophore (13,300 cm-’ M-I)  with a A,, of 260 nm. This UV be- 
havior seems very similar to that observed for the alkaline degra- 
dation product of the Rf 0.07 spot. The fact that the doublet shown 
in spectrum D of Fig. 5 is very similar in chemical shift to the 
CG-H of I suggests a structure such as that of V or VI. The large 
observed coupling constant of 27 Hz is consistent with reported 
trans-H-F vicinal couplings on carbon-carbon double bonds (7). 


A comparison of the reactionsequences in Schemes I and I1 with 
the postulated (2) mechanism of degradation of I in aqueous buff- 
ers that did not contain sodium bisulfite indicates that the irre- 
versible degradation of I in both cases is most likely initiated by 
covalent addition of a nucleophilic reagent to I to yield a 5,6-dihy- 
drouracil. In the former case, HSO3- is the nucleophilic reagent; in 
the latter case, it is water. 


Because of the structural similarities of 5-fluoro-6-hydroxy-5,6- 
dihydrouracil and 11, it seems likely that the magnitude of their 
rate constants for irreversible degradation would be similar. The 
irreversible degradation reactions postulated for both compounds 
involve attack of OH- at their C-4 carbonyl groups and elimina- 
tion of HF across.-their 5,6-bonds. Hence, the rate a t  which I 
undergoes irreversible degradation would be determined largely by 


the magnitudes of the rate and equilibrium constants for addition 
of HS03- or H20 to I. 


Previous studies (11,12) have indicated that HS03- adds much 
more rapidly than H20 to  >C=N- and >C=O groups and that 
the magnitudes of the equilibrium constants for these reactions are 
much larger for HS03- addition than for HzO addition. A similar 
relationship is expected to apply to additions of these species to 
>C=C< bonds. Hence, i t  is not surprising that I is irreversibly de- 
graded much more rapidly in solutions that contain sodium bisul- 
fite than it is in water. 


Consequently, it is expected that whenever the 5,g-double bond 
of 5-fluorouracil is saturated, the resultant compound will be un- 
stable with respect to the degradation reactions discussed. The an- 
timetabolic properties of 5-fluorouracil are believed to be due to an 
inhibition of the enzyme thymidylate synthetase. In a recent study 
of the binding of 5-fluoro-2-deoxyuridylate to this enzyme in the 
presence of 5,10-methylenetetrahydrofolate, the formation of a 
5,6-substituted-5-fluoro-5,6-dihydrouracil structure in the en- 
zyme-substrate complex was proposed (13). Based on the results 
of the present study, a binding of this type may also lead to in- 
creased rates of degradation of the pyrimidine ring structure or 
possibly to loss of HF across the 5,6-bond. 
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Intersubject Variation in Absorption of Digoxin in 
Normal Volunteers 


DAVID H. HUFFMAN *=, CARL V. MANION *#, and DANIEL L. AZARNOFF * 


Abstract The absorption of oial digoxin preparations was eval- 
uated 'following single-dose administration of 0.5 mg of digoxin to  
16 normal volunteers in a randomized crossover design. Absorption 
was estimated using the cumulative excretion of digoxin in urine 
for 7 days and the area under the 24-hr serum digoxin concentra- 
tion curve ( A  UC). Significant intersubject variability was observed 
with both parameters, but this variability was greater for the AUC. 
After intravenous administration, the 7-day digoxin excretion was 
68% of the dose. The elixir and a rapid dissolution tablet were sig- 
nificantly better absorbed (84.5 and 77.8%. respectively) than was 
a slow dissolution tablet (66.7%), as reflected by the fraction of the 
amount excreted in the urine following intravenous administration 
of the same dose. There was a highly significant correlation be- 
tween the cumulative digoxin excretion in urine during the first 2 
days compared to 7 days ( r  = +0.972, p < 0.001). Bioavailability of 
oral digoxin preparations can be reliably determined by compari- 
son of the cumulative 2-day excretion of digoxin following a single 
dose. 


Keyphrases 0 Digoxin oral preparations-bioavailability in hu- 
mans, intersubject variations 0 Bioavailability of digoxin oral 
preparations-estimated using cumulative excretion in urine and 
area under serum concentration curve, intersubject variations 
0 Absorption of digoxin oral preparations-intersubject varia- 
tions 


The bioavailability of oral digoxin preparations has 
been studied using various protocols. Clinically im- 
portant differences in bioavailability have been dem- 
onstrated among tablet preparations (1-5). Single- 
dose studies (1, 4-6) and steady-state studies (7) 
have used the peak serum concentration, the area 
under the serum concentration versus time curve 
(AUC), and the cumulatiye excretion of digoxin in 
the urine to estimate the absorption of oral digoxin 
preparations. Since there has been no complete 


agreement on the standard method for estimating di- 
goxin bioavailability, and because a larger study was 
needed to determine the degree of intersubject vari- 
ability, the bioavailability of digoxin from three oral 
preparations relative to an equivalent intravenous 
dose was determined in 16 normal volunteers in a 
randomized crossover design. 


EXPERIMENTAL 


Sixteen healthy hospital employees, 10 females and six males 
(ages 21-33), volunteered for the study. Written consent was ob- 
tained after discussing with each subject the inconveniences and 
hazards reasonably to  be expected. All subjects had normal history 
and physical examinations and no evidence of cardiac, hepatic, 
renal, or GI disease. 


After an overnight fast, 0.5 mg of digoxin was administered to 
each volunteer on four occasions, each 2 weeks apart. This interval 
allowed for the essentially complete elimination of digoxin given in 
the previous study. The following dosage forms were administered 
to  each volunteer in a random sequence: 


1. Two 0.25-mg digoxin tablets (I)ls2 
2. Two 0.25-mg digoxin tablets (III3 
3. Ten milliliters (0.05 mg/ml) of a digoxin elixir 
4. Two milliliters (0.25 mg/ml) of parenteral digoxin (IV)5 


The dissolution rates of the tablets were determined by the meth- 
od described by Lindenbaum et al. (8). 


The digoxin tablets and elixir were given orally with 200 ml of 
water. The parenteral solution was administered intravenously 
over 5 min. Regardless of the route of administration, the subjects 


Lanoxin, Lot 4 7 4 4 ,  Burroughs Wellcome. 
2 The dissolution of the tablets of the two Lanoxin lots resulted in 85% di- 


goxin dissolved in 1 hr for the 474-G tablet and 65% for the 991-F tablet (R. 
Cresswell, personal communication). These tablets were taken from regular 
production runs. 


Lanoxin, Lot 991-F, Burroughs Wellcome. 
Lanoxin, Lot 816-G, Burroughs Wellcome. 


5 Lanoxin, Lot 062-F, Burroughs Wellcome. 
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Table I-Cumulative Excretion of Digoxin in Urine (pg/7  days) 


Subject IIb IIIC IVd 


1 209.6 179.3 226.8 260.4 
2 
3 


339.9 275.3 
257 . O  
242.1 
240.4 
168.7 
204.3 


218.7 327.3 
250.2 
351.8 
370.1 
367.2 


~~~ .~ 


285.1 
292.2 
245.5 
225.8 
256.7 


_ ~ _  .. 


350 .O 
300 .O 
274.2 
274.1 


4 
5 
6 
7 300.3 336.5 


297.2 
377.2 
311.2 
317.2 
240.1 
365.2 
307 .O 
303.8 
367.2 
328.1 


10.1 
39 . O  


100 .o 


8 
9 


177.3 225.3 286.6 
325.3 214.2 321.9 


260.7 
291.5 
227.4 


10 
11 
12 
13 


i83.7 
314.2 
241.6 
297.4 


~~ ~ .~ 


281.2 
305.5 
242.1 
204.1 
148.5 
129.6 
214.5 
218.9 


11.1 
45.9 
66.7 


264.9 
146.3 
319.9 
272.6 
277.2 
12 .o 
46.7 
84.5 


14 
15 
16 


230.3 
242.6 
220.1 
255.5 


12.3 
47.5 
77.8 


Analys is  of V a r i a n c e  ( C u m u l a t i v e  Excret ion)  
sum of Mean of 


df Squares Squares F Ratio Source of Variation P 


Between individuals 
Between formulations 
Between periods 
Error  
Total 


~~ 


15 65712 4381 3.90 p < 0.01 
3 97012 32337 28.79 p < 0.005 
3 17490 5830 5.19 p < 0 . 0 1  


42 47177 1123 - 
63 227391 - - - 


- 


Multiple Range Analysis: Test for Digoxin Excre t ion  
Drug I 
Cumulative excretion 255.5 


I1 
218.9 


I11 
377.2 


I V  
328.1 


IV versus 111, p < 0 
IV versus I, p < 0 
IV versus 11, p < 0 
I11 versus I, p > 0 
I11 versus 11, p < 0 


I versus 11, p < 0 


.005 
,005 
,005 
.05, NSe 
,005 
.05 


M u l t i p l e  Range Analysis: Test for Periods 
Period 1 
Cumulative excretion 272.6 


2 
252.2 


3 
296.1 


4 
260.7 


1 versus 2, p’ > 0.05, NS 
1 versus 3, p > 0.05, NS 
1 versus 4, p > 0.05, NS 
2 versus 3, p < 0.05 
2 versus 4, p > 0.05, NS 
3 versus 4, p < 0.05 


a Lanoxin tablet, Lot 4 7 4 4 .  Burroughs Wellcome. 
Lanoxin parenteral, Lot 062-F, Burroughs Wellcome. C NS = not significant. 


Lanoxin tablet, Lot 991-F, Burroughs Wellcome. Lanoxin elixir, Lot 816-G, Burroughs Wellcome. 


remained upright and ambulatory and were not allowed to eat for 
4 hr following drug administration. 


Blood for serum digoxin concentration was obtained at 0, 0.25, 
0.5,0.75, 1, 1.5, 2,3,4,6,7, 10, and 24 hr. Serum was separated and 
frozen at  -18’ until assayed. All urine excreted during the study 
was collected as follows: blank, 0-6, 6-12, and 12-24 hr and daily 
for the next 6 days. 


The serum digoxin concentration was estimated by the radioim- 
munoassay of Smith et 01.  (9). Digoxin concentration in the urine 
was assayed by adding 10-50 pl of urine to blank serum. The ra- 
dioimmunoassay procedure was the same as for the serum, and the 
concentration of digoxin in the urine was determined on the basis 
of the aliquot that produced values in the linear portion of the 
standard curve prepared in serum (5 ) .  Internal standards were 
used as a means of monitoring .the accuracy and reproducibility of 
the digoxin determinations. The interassay coefficient of variation 
was 3.296. 


Statistical significance was determined by a two-way analysis of 
variance (ANOVA). When there were significant differences 
among the four groups by ANOVA, differences between the indi- 
vidual groups were determined by Duncan’s multiple range test 
(10,111. 
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RESULTS 


The 7-day cumulative excretion of digoxin in the urine of the 
volunteers following each dosage form is given in Table I. The vari- 
ability for these 16 subjects depended upon the dosage form. The 
coefficient of variation for the intravenous dose was 11.9%. This 
value is less than the coefficient of variation for the three oral dos- 
age forms: 16.8, 18.6, and 21% for 111, I, and 11, respectively. This 
variation correlated with the percent absorbed, as reflected by the 
fraction of the amount excreted in urine following intravenous ad- 
ministration of the same dose from the three oral dosage forms, 
i .e.,  the smaller the fraction absorbed, the greater the variability. 


The elixir (111) was absorbed best with a mean value of 84.5%. Of 
the two tablets, I was 77.8% absorbed whereas I1 was only 66.7% 
absorbed. Although the mean absorption of I was less than the 
elixir, this difference was not statistically significant. The excre- 
tion of digoxin in the urine was significantly less for all three oral 
dosage forms than for the same dose given intravenously (p < 
0.005). Sixty-six percent of the intravenous dose of digoxin was ex- 
creted during the 7-day collection period. In addition to significant 
differences among the various dosage forms, there were also inter- 
individual differences (Table I). 
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Figure 1-Correlation between the digoxin excretion during 
the 1st day a n d  the cumulative excretion of digoxin. Each value 
represents a separate study. Key: e, intravenous; 0, elixir; 
A, Tabletl; and A, TabletII (r = +0.84, p < 0.01). 


Greenblatt et al. (5) found a highly significant correlation be- 
tween the excretion of digoxin in the urine during the 1st day fol- 
lowing a single 0.75-mg dose and the cumulative 6-day digoxin ex- 
cretion. They suggested that urine collection for 1 day was suffi- 
cient for most digoxin bioavailability studies. A significant correla- 
tion (r = 0.84, Fig. 1) was also found between the 1- and 7-day cu- 
mulative digoxin excretion, but the correlation ( r  = 0.972, Fig. 2) 
between the 2- and 7-day excretion in the urine was much better. 


The mean serum digoxin concentration versus time following 
the administration of 0.5 mg of each dosage form is given in Fig. 3. 
The better absorbed oral preparations, I and 111, had higher peak 
serum concentrations than 11. Thereafter, the serum digoxin con- 
centrations declined in a similar manner for the four studies. The 
AUC for the first 24 hr following drug administration was deter- 
mined by the trapezoidal rule (Table 11). Compared to the AUC 
for the intravenous dose, the elixir was 88% absorbed. Both tablets 
were significantly less well absorbed than the elixir. 


Two differences were apparent between the cumulative urine 
excretion and the A UC. There was no significant difference in bio- 
availability between the two tablets using the AUC, whereas there 
was a significant difference between these tablets using the cumu- 
lative excretion of digoxin in the urine. Based on the AUC, Tablet 
I was significantly less well absorbed than the elixir. This finding 
was in contrast with the urine data in which a significant differ- 
ence between Tablet I and the elixir was not demonstrated. 


Two volunteers (Nos. 3 and 16) had unusual results for the AUC 
when compared to their cumulative excretion of digoxin in the 
urine. Unlike all other volunteers, their AUC was less for the intra- 
venous dosage form than for the three oral dosage forms. The rea- 
son for this finding is unexplained. The AUC data were reanalyzed 
utilizing the mean of the 14 other volunteers for the two spurious 


240 I 
% I A A 


v) 2oo t 
160 


120 


O 


I 
80 I- A - 


50 100 150 200 250 300 350 
pgf7 DAYS 


Figure 2-Correlation between the digoxin excretion during 
the first 2 days and  the 7-day cumulative excretion of digoxin. 
Each value represents a separate study. Key: 0, intravenous; 
0, elixir; A, Tablet I; a n d  A, Tablet 11 (r = +0.972, p < 
0.001). 
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Figure 3-Mean serum digoxin concentration during the 
first 24 hr following digoxin administration. Key: 0-0, 
intravenous; O---O, elixer; A-. -A, Tablet I; and A.  . .A, 
Tablet II. 


values (Table 111). Although the absorption of the oral .digoxin 
preparations based on comparison of the AUC's following intrave- 
nous administration of the same dose was now in closer agreement 
with the urine data, the difference in absorption of the two tablets 
still was not significant. 


DISCUSSION 


These studies help to define further the variability in the cumu- 
lative excretion of digoxin and the AUC following a single dose ad- 
ministered to normal volunteers. While the results were similar 
using the two variables, there were important differences. Based 
on the cumulative excretion of digoxin in urine, the difference in 
the absorption of digoxin from the elixir and Tablet I was not sta- 
tistically significant. Similar findings were demonstrated previous- 
ly for tablets with rapid dissolution rates (12). 


Both the elixir and I were better absorbed than the slow dissolu- 
tion tablet. Using the AUC, however, the absorption of the two 
tablets was not significantly different despite differences in the 
peak serum digoxin concentrations. The discrepancy between the 
urine and serum data is due to a decreased absorption estimate for 
I using the AUC parameter. Since the coefficient of variation for 
the urine data was 16% as compared with 21% for the serum data, 
the cumulative excretion of digoxin is the more reliable estimate 
for determining the bioavailability of orally administered digoxin 
preparations. 


Ideally, all digoxin excreted following the dose should be collect- 
ed. With the assumption that the pharmacokinetics of digoxin fit a 
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Table 11-Area under Concentration uersus Time Curves (ng X 24 hr/ml)a 


Subject I I1 I11 IV 


17.2 
15.7 
22.8 
23.5 


14 . O  
14.2 
20 .o 


20.6 
29.6 
39.1 
22.2 
15.7 


27.5 
32.7 
24.3 


1 
2 
3 


19.5 
15.4 
18.7 


33.8 
14.3 19.6 


21.2 
30.7 
30.7 
24 .O  


20.3 
19.4 
23.9 
16.7 


19.8 
25.9 
21.8 
23 .O 


. 


18.9 
16.8 
21.6 


10 
11 
12 
13 
14 
15 


20.8 20.6 
13.4 


19.7 30.5 
14.7 
21.2 
15.8 
17.7 
18.2 


23 .O 
21.4 
20.7 
20.1 
18.5 


27 .O 
27.8 
22.6 
21.1 
22.1 


21 .O 
11.9 
21.4 
19.2 
28.4 16 11.1 


18.4 
0 . 9  


26.4 19.4 
Mean 
SE 
SD 
Percent of IV 


18.4 22.9 
1.35 
5.25 


25.9 


100 .o 
1.18 
4.58 


1.02 
3.96 


71 .O  


. .- 
3.5  


71 .O 88 .O 
Analys is  of V a r i a n c e  (AUC) 


sum of Mean of 
df Squares Squares F Ratio Source of Variation P 


Between individuals 15 529.3 35.3 2.08 p < 0.05 


Between periods 3 88.4 29.5 1.73 p > 0.05, NSb 
Error  42 712.5 16.9 
Total 63 1931.6 


Between formulations 3 601.4 200.5 11.82 p < 0.001 
- - 
- - - 


Multiple Range Analys is  
Drug I I1 I11 
A UC 18.3 19.1 23.0 
IV uersus 111, p > 0.05, NS 
IV uersus I, p < 0.005 
IV uersus 11, p < 0.005 
111 uersus I, p < 0.05 
I11 uersus 11, p < 0.05 


I versus 11, p > 0.05, NS 


IV 
25.9 


The area under the Berum concentration uer8LuI time curve (AUC) was determined by the trapezoidal rule for the first 24 hr after drug administration. * NS 
= not significant. 


Table 111-Area under Serum Digoxin Concentration uersus Time Curves Corrected for Subjects 3 and 16 
(ng X 24 hr/ml)a 


Drug  
Mean 
Percent of IV 


I 
18.5 
69.8 


I1 
17.6 
66.4 


I11 
21.6 
81.5 


IV 
26.5 


100.0 
Analys is  of V a r i a n c e  


S u m  of Mean of 
Source of Variation df Squares Squares F Ratio P 


Between subjects 
Between formulations 
Between periods 
Error  
Total 


15 
3 
3 


310.0 
767.1 


11.5 


20.67 2.309 p < 0 . 0 5  
255.7 28.562 p < 0.001 


D > 0.05. NSb 3.83 0.428 
42 376 . O  8.95 - - 
63 1464.00 - - - 


Multiple Range Analys is  
IV uersus 111, p < 0.005 
IV uersus I, p < 0.001 
IV uersus 11, p < 0.001 
111 uersus I, p < 0.05 
111 uersus 11, p < 0.05 


I uersus 11, p > 0.05, NS 


The area under the concentration uersus time curve (AUC) was determined by the trapezoidal rule for the first 24 hr after drug administration. b NS = not 
significant. 


two-compartment open model, urine was collected for 4.2 half- 
lives and accounted for over 95% of the total drug eliminated. 
Since there was a highly significant correlation between the excre- 
tion of digoxin for the first 2 days and the 7-day cumulative excre- 
tion, a 2-day urine collection appears to be satisfactory. It is sug- 
gested that urine be collected for a minimum of 2 or preferably 3 


days following the administration of digoxin. The longer collection 
period will be particularly important when evaluating the bioavail- 
ability of digoxin from tablets with slow absorption. In this man- 
ner, the 748 serum and 448 urine digoxin assays necessary to com- 
plete this four-way crossover study can be reduced to a mere 64. 


Although bioavailability studies have not been performed in pa- 
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tients who are receiving digoxin, steady-state studies in normal 
volunteers (7) correlate with the single-dose studies, suggesting 
that either protocol may be used. 


The dose of digoxin appears to be important with regard to its 
absorption. Greenblatt e t  al. (12) used a single dose of 0.75 mg and 
found that the absolute bioavailability relative to an intravenous 
infusion of digoxin was 65% for the elixir and 55% for a digoxin 
tablet. Both of these values are considerably lower than the find- 
ings in this study. They administered the intravenous digoxin by a 
1-hr infusion and found a slightly higher percent of the intrave- 
nous dose of digoxin in the urine, which may explain these differ- 
ences. 


Recent studies by Greenblatt et  al. (13) indicate that the cumu- 
lative excretion of digoxin in the urine is 7% greater following a 1- 
hr intravenous infusion of digoxin when compared to an intrave- 
nous injection over 3 min. This finding accounts for the difference 
between the 66% cumulative excretion of digoxin following the in- 
travenous dose in this study as compared with 76% in their study 
(12). When this difference is considered, however, there still re- 
mains an unexplained 13% difference in the bioavailability of di- 
goxin in the two studies. Steady-state studies suggest that  the bio- 
availability of oral digoxin may be dose dependent (7). The  differ- 
ences between this study and the earlier one (5) support this possi- 
bility. Therefore, a standard dose of digoxin should be chosen for 
future digoxin bioavailability studies. 
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Abstract  The rate constants for alcoholic solvolysis of the hy- 
drochloride salts of diethylaminodibenzo[a,d Icycloheptene and re- 
lated amino congeners were determined. The objective was a study 
of the comparative ease of cleavage of the C-N amino linkage by 
various aliphatic alcohols. The interaction of protonated amines of 
this series with alcoholic hydroxyls presumably leads to formation 
of the corresponding ethers in a manner somewhat analogous to 
alkoxide reaction with alkyl bromides. The methyl ether produced 
from solvolysis of diethylaminodibenzocycloheptene hydrochlo- 
ride was isolated and identified. Methanol appears to react some- 
what more rapidly with the amine hydrochlorides than other ali- 
phatic alcohols. The latter produce almost invariant velocity con- 
stants with a given amine hydrochloride. The exception was tert - 


butanol, which resulted in hobs values about one-third of those 
given by the other alcohols. Some velocity constants in formic and 
acetic acids were evaluated. Generation of carbonium ions of ap- 
preciable lifetime was indicated in formic acid by the formation of 
a highly colored (red-violet) solution. This color may be a manifes- 
tation of the dibenzotropylium ion. 


Keyphrases 0 5-Aminodibenzo[a,d]cycloheptenes-alcoho1ic sol- 
volysis, rate constants 0 Solvolysis, alcoholic-medicinally active 
5-aminodibenzo[a,d Icycloheptenes, rate constants Alcohols- 
solvolysis of hydrochloride salts of diethylaminodibenzo[a,d Icy- 
cloheptene and related amino congeners, rate constants 


Protonated members of the 5-aminodibenzo[a, d ] -  
cycloheptane series (I) were found to be relatively 
unstable in aqueous solution, with rupture of the 
C-N linkage being the pertinent reaction (1). Inser- 
tion of a double bond between positions 10 and 11 of 
the cycloheptane moiety produced 5-aminodiben- 
zo[a,d]cycloheptenes (11) and led to a nearly two- 


magnitude enhancement of the hydrolytic velocity 
constant. Velocity increases in each series were de- 
pendent upon the amino substituent a t  C-5. The rate 
constants for hydrolysis of these 5-amino compounds 
(I and 11) were invariant with pH (where pH < pKa), 
being only a function of the nature of the various pro- 
tonated amines and the specified temperature (1). 
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Radioimmunoassay of Chlordiazepoxide in Plasma 


W. R. DIXON *x, J. EARLEY *, and E. POSTMA * 


Abstract A simple, rapid, and sensitive radioimmunoassay was 
developed for the determination of chlordiazepoxide (7-chloro-2- 
methylamino-5-phenyl-3H- 1,4-benzodiazepine 4-oxide) in plasma. 
Antiserum capable of binding ~hlordiazepoxide-2-’~C was ob- 
tained from rabbits following immunization with an antigen pre- 
pared by coupling the reactive acyl azide of 7-chloro-5-(4-hydra- 
zinocarbonylmethoxyphenyl) - 2 -methylamino-3H-1,4-benzodiaze- 
pine 4-oxide to bovine serum albumin. The radioimmunoassay al- 
lows for the specific determination of chlordiazepoxide directly in 
plasma without extraction and was compared with a differential 
spectrofluorometric assay for chlordiazepoxide. Both methods 
gave satisfactory agreement for the plasma levels of chlordiazepox- 
ide in human subjects resulting from single and chronic oral doses 
of chlordiazepoxide hydrochloride. 


Keyphrases 0 Chlordiazepoxide-radioimmunoassay in plasma, 
compared to  spectrophotofluorometric method 0 Radioimmunoas- 
say-chlordiazepoxide in plasma, compared to spectrophotofluo- 
rometric method 


Chlordiazepoxide hydrochloride1.2 (II), which was 
synthesized in the mid-1950’s (l), was the first mem- 
ber of the 1,4-benzodiazepine class of compounds to 
be used clinically as an antianxiety agent in humans 
(2,3) and is widely prescribed. 


Three satisfactory methods have been developed 
for the determination of chlordiazepoxide in blood. 
In the most widely used technique, a spectrofluo- 
rometric assay (4) into which an earlier assay proce- 
dure (5) is incorporated, the level of chlordiazepoxide 
is obtained by subtraction of the fluorescence due to 
its metabolite, N-desmethylchlordiazepoxide, from 
the fluorescence due to both compounds. However, 
the determination of chlordiazepoxide is dependent 
on the accuracy of the assay of the metabolite. The 
method has a sensitivity limit of about 100 ng/ml 
using a 2-ml sample of plasma. 


Recently, a polarographic method was developed 
which is specific for chlordiazepoxide (6). The tech- 
nique involves plasma extraction and TLC isolation 
of chlordiazepoxide, which is then determined po- 
larographically. The sensitivity limit is about 50 
ng/ml using a 2-ml sample. An electron-capture GC 
technique has been reported (7) with a sensitivity 
limit of about 30 ng/ml using a 1-ml sample of plas- 
ma. 


All of these methods require an extraction of chlor- 
diazepoxide; in two instances, a chromatographic 
step is also employed. Such procedures limit the 
number of samples that may be analyzed in any one 


The chemical names of the 1,4-henzodiazepines are: chlordiazepoxide, 
7-chloro-2-methylamino-5-phenyl-3~-1,4-benzodiazepine 4-oxide; N -  
desmethylchlordiazepoxide, 7-chloro-2-amino-5-phenyl-3H-1,4-benzodi- 
azepine 4-oxide; demoxepam, 7-chloro-l,3-dihydro-5-phenyl-2H- 1,l-benzo- 
diazepin-2-one &oxide; diazepam, 7-chloro-l,3-dihydro-l-methyl-5-phenyl- 
2H-1,4-henzodiazepin-2-one; N-desmethyldiazepam, 7-chloro-l,3-dihydro- 
5-phenyl-2H- 1,4-henzcdiazepin-2-one; and clonazepam, 5-(2-chlorophenyl)- 
1,3;dihydro-7-nitro-2H- 1,4-benzodiazepin-2-one. 


Librium, containing chlordiazepoxide hydrochloride as its active ingre- 
dient, was administered throughout the study. 


assay run because of the time required to carry out 
the assay. 


The present report concerns the development of a 
radioimmunoassay for chlordiazepoxide directly in 
plasma without extraction. The method allows one 
person to analyze about 100 plasma samples over 2 
days, using not more than a 0.1-ml sample of plasma 
and attaining a sensitivity limit of 20 ng/ml. 


EXPERIMENTAL 
Preparat ion of Immunogen-7-Chloro-5-(4-hydrazinocarbon- 


ylmethoxyphenyl)-2-methylamino-3H-l,4-benzodiazepine 4-oxide 
(I) was converted to  its reactive acyl azide and covalently coupled 
to bovine serum albumin? (8) in the following manner. Compound 
I (45 rng, 0.12 mmole), as a suspension in dimethylforrnamide (2 
ml), was treated with 0.1 ml of 4.7 N hydrochloric acid in dioxane 
to give a pale-yellow solution. The mixture was cooled to  -30°, 
and 0.16 ml of a 1 : l O  dilution of isoamyl nitrite (0.12 mmole) in di- 
oxane was added. The solution was stirred a t  -30 to  -4OO for 30 
min; then 0.1 ml of 0.5 M aqueous ammonium sulfamate was 
added and the stirring was continued for 10 min. 


The cold azide solution was added slowly, dropwise with stirring, 
to a solution of bovine serum albumin (72 mg) in 4 ml of 0.16 M 
borate buffer (pH 8.5) a t  On. The pH was kept a t  8.0-8.7 by the ad- 
dition of 1 N NaOH. The resulting pale-yellow solution (pH 8.5) 
was kept a t  4O for 36 hr and then dialyzed against 0.05 M tro- 
methamine buffer (pH 8) for 3 days. After further dialysis for 2 
days against distilled water, the immunogen was isolated by lyoph- 
ilization. 


Estimation of Number of Molecules of Hapten Coupled to  
Bovine Se rum Albumin-A portion of the lyophilized hapten- 
protein conjugate was dissolved in buffer to give a solution of 1 
mg/ml. A control solution of bovine serum albumin was similarly 
prepared. Each sample was then analyzed by differential pulse po- 
larography (6) against a known amount of chlordiazepoxide. The 
control solution showed no peaks in its polarogram while the hap- 
ten-protein conjugate exhibited two peaks due to reduction of the 
N-oxide function and the azomethine bond in the Cs=N4 position 
of the hapten molecule. On the basis of the peak heights relative to  
the standard of chlordiazepoxide, it was estimated that approxi- 
mately eight molecules of the hapten had been covalently coupled 
to one molecule of the bovine serum albumin. 


Immunization-The lyophilized immunogen was dissolved in 
0.9% saline to  give a solution of 2 mglrnl. After the addition to an 
equal volume of Freund’s complete adjuvant4, the mixture was 
emulsified to a thick paste using a blender5 at  45,000 rpm. 


Three New Zealand White female rabbits were injected intra- 


H N 
1 2 1  


NeC-H-CH3 
I 


N=C-N-CHB 
\3 


I5 \ 
c1 


I 
OCH$ONHNH* 


I 


4’ 


II 


Sigma Chemical Co., St. Louis, Mo. 
Grand Island Biological Co., Grand Island, N.Y. 
Virtis “S”45, Virtis Co., Gardiner, N.Y. 
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Table I-Specificity of Antiserum 


Compound Cross-Reaction, % 


Chlordiazepoxide 100 
N-Desmethylchlordiazepoxide 5 
Demoxepam <1 
N-Desmethyldiazepam <1 
Diazepam <1 
Clonazepam <1 


dermally on the flank with 0.1 ml of the emulsion at each of five 
separate sites; this process was repeated twice a t  2-week intervals. 
Each animal then received 0.5 mg of the antigen subcutaneously as 
a solution in saline and bled from the ear artery 10 days later. 
Booster injections were given a t  monthly intervals. 


Antiserums-The blood (20-30 ml) was allowed to clot a t  3 7 O  
for 2 hr and then kept at 4O overnight to allow for clot contraction. 
The serum was decanted, centrifuged a t  3000 rpm, and divided 
into I-ml aliquots. These aliquots were kept frozen a t  -20° until 
used. 


Radioimmunoassay Method-The following stock reagents 
and materials were used: assay tubes6 (12 X 75-mm disposable cul- 
ture tubes); ~hlordiazepoxide-2-'~C (specific activity 200 j~Ci /mg)~  
in 0.001 N HCI to give 40,000 cpm/ml; antiserum diluted 1:50 with 
sodium phosphate buffer (0.01 M, pH 7.4) containing 0.1% sodium 
azide; and standard solutions (20, 50, 100, 200, 500, and 1000 ng/ 
ml) of unlabeled chlordiazepoxide in 0.001 N HCI. 


The assay procedure involved the addition of a constant volume 
of 20-100 fil of control human plasma to 0.1 ml of each standard of 
chlordiazepoxide to generate a calibration curve of 2-100 ng/tube. 
The same volume of the unknown plasma samples was added to 
tubes containing 0.1 ml of 0.001 N HCI. Two blanks were included 
by adding the control plasma to 0.1 ml of 0.001 N HCI. Then 0.1 
ml(4000 cpm) of the ~hlordiazepoxide-2-'~C solution was added to 
each tube, followed by 0.1 ml of the antiserum solution to all tubes 
except one blank. The volume in each tube was brought to 1 ml 
with buffer. After mixing on a vortex, each tube was immersed in 
an ice water bath for 1 hr. 


An equal volume (1 ml) of saturated ammonium sulfate was 
then added to precipitate globulin-bound ~hlordiazepoxide-2-'~C. 
After thorough mixing on a vortex and standing a t  4 O  for 15 min, 
the tubes were centrifuged a t  3000 rpm for 30 min at 4O. The su- 
pernate containing unbound ~hlordiazepoxide-2-'~C was decanted 
into a counting vial, and 10 ml of toluene scintillator8 was added. 
The vial was then vortexed for 10 sec to extract the radioactive 
material into the organic phase and each sample was countedg. 
When many samples were to be analyzed, it was convenient to 
carry out the extraction on a reciprocating shaker for 10 min with 
the vials in a covered vial tray in the vertical position. 


80 


Se 60 r' 


t J  
0 2 5 10 20 50 100 


CH LOR DI AZEPOX I D E, ng  


Figure 1-Standard curve of chlordiazepoxide in 20 p l  of 
human plasma. 


diSPo, Scientific Products, McGaw Park, Ill. 
Supplied by Dr. A. Liebman, Hoffmann-La Roche Inc., Nutley, N.J. 
Omnifluor, New England Nuclear, Boston, MA 02118 
Packard Tri-Carb model 3380. 


Table 11-Chlordiazepoxide Plasma Levels in Different 
Subjects at R a n d o m  Periods af ter  Administration of 
Chlordiazepoxide Hydrochloride, Determined by the 
Radioimmunoassay and Spectrofluorometric Methods  


Radioimmunoassay Spectrofluorometric 
Method ,  pg/ml Method,  pg/ml 


Single Dose (30 mg) 
1.35  1 . 5 4  
1 . 1 2  0 . 9 7  
1 .00 
0 . 6 5  
0 .65  
0 . 4 0  
0.30 
0 . 1 5  
0 . 7 0  


1.3 
0 . 5 6  
0 . 5 2  
0.32 
0 .55  
0 . 3 0  
1 .oo 


Chronic Dose (10 m g  t i d )  
1.85  
1 .35  
0 . 9 5  
0 . 2 3  
0.80 
0 . 9 5  
1 . 2 5  
0.78 


1 . 5 0  
1 . 2 3  
1 . ll  
n.m.O 
0 . 9 0  
0 .85  
1 .47  
1 .o 


a n.m. = not measurable. 


All determinations, including the standards, were done in dupli- 
cate, and the average of each set of counts was used in the calcula- 
tion. 


RESULTS 


Antibody Production-Each rabbit produced antiserum capa- 
ble of binding chlordia~epoxide-2-'~C when compared to serum 
from nonimmunized rabbits. Almost identical and usable titers of 
antibody were obtained from each rabbit at the first bleeding. All 
data reported in this article were obtained with this first batch of 
antiserum, where 1 ml of a 1:500 dilution was capable of binding 
about 60% of the 4000 cpm of the tracer. After four monthly boost- 
er immunizations, it became possible to work with 1:lOOO dilution 
of the antiserum. 


Sensitivity of Radioimmunoassay-A typical standard curve 
obtained with chlordiazepoxide in 20 rl of normal human plasma is 
shown in Fig. 1. The percentage inhibition of binding was calculat- 
ed by expressing the decrease in binding of the tracer due to unla- 
beled chlordiazepoxide as a percentage of the total amount bound 
in the absence of unlabeled chlordiazepoxide. The method appears 
readily applicable over a range of 2-100 ng/tube. Thus, the sensi- 
tivity limit is 20 ng/ml using a 0.1-ml sample of plasma. 


Specificity-Several benzodiazepines were tested for their abil- 
ity to compete with labeled chlordiazepoxide for the antibody. The 
competitors were tested a t  a concentration of 200 ng-10 times the 
concentration of chlordiazepoxide required to produce a 50% inhi- 
bition of binding (Fig. 1). The percentage cross-reaction was ex- 
pressed as ng of chlordiazepoxide/200 ng X loo%, in which the 
amount of standard chlordiazepoxide and the 200 ng of competitor 
were read a t  the same percentage inhibition of binding. The results 
(Table I) indicate that the highest cross-reaction was 5% with N-  
desmethylchlordiazepoxide while demoxepam, N-desmethyldia- 
zepam, diazepam, and clonazepam showed less than 1%. 


Comparison of Radioimmunoassay with Spectrofluorome- 
t r i c  Determination of Chlordiazepoxide in Plasma-Samples 
of plasma were obtained from subjects who had received both sin- 
gle and chronic oral doses of chlordiazepoxide hydrochloride. Du- 
plicate 2 0 4  aliquots were analyzed for chlordiazepoxide by the ra- 
dioimmunoassay procedure; single 1-ml aliquots were assayed by 
the spectrofluorometric method of Schwartz and Postma (4) 
(Table 11). The joint determinations were subjected to  a straight- 
line analysis. The fitted intercept and slope (-0.005 and 0.967, re- 
spectively) were not significantly different from 0 and 1 a t  the 0.05 
level. 


Precision-Since no extraction procedures were involved in the 
radioimmunoassay, thereby avoiding differences in extraction re- 
coveries, the precision depended on the accuracy with which the 
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Table 111-Reproducibility of Radioimmunoassay for 
Plasma Chlordiazepoxide 


Table IV-Plasma Levels of Chlordiazepoxide in H u m a n  
Sub jec t  following a Single 30-mg Oral  Dose of 
Chlordiazepoxide Hydrochloride 


Chlordiazenoxide. ue:/mlh 


Samplea Assay 1 Assay 2 Assay 3 Hours 


0.98 1.1 1 .o  
0 . 6 2  0 . 6 4  0 . 6 5  
0 . 4 4  0 . 4 0  0 . 3 8  
1.30 1.35 1 . 2 5  
1 . 2  
0 . 2 7  


0 . 9 3  
0 . 2 3  


0.95 
0 . 2 2  


a Samples obtained at random times from subjects receiving single and 
chronic doses of chlordiazepoxide hydrochloride. * Analyzed on three sep- 
arate occasions several weeks apart. 


operator pipetted the samples and reagents and decanted the 
“free” radioactivity into the counting vial. The mean coefficient of 
variation for six replicates a t  each point of the calibration curve 
was 4%. Six samples of plasma from subjects who had received 
chlordiazepoxide hydrochloride were analyzed for chlordiazepox- 
ide on three separate occasions several weeks apart (Table 111). 
The pooled standard deviation was 0.072 Gg/ml(12 degrees of free- 
dom) over a range of 0.22-1.35 pg/ml. 


Chlordiazepoxide Plasma Levels in Humans-Table IV 
shows the plasma levels of chlordiazepoxide, as determined by ra- 
dioimmunoassay, in a subject who received a single 30-mg oral 
dose of chlordiazepoxide hydrochloride. 


DISCUSSION 


A radioimmunoassay, developed for the determination of chlor- 
diazepoxide directly in plasma, is simple, rapid, and easy to per- 
form and it may be carried out using as little as 20 ~1 of plasma. 
The technique thus lends itself to the analysis of large numbers of 
samples. The radioimmunoassay might be employed in monitoring 
the blood levels of chlordiazepoxide in patients receiving the drug 
chronically and/or determining whether, in fact, the patient is tak- 
ing the drug a t  all. Such monitoring of blood levels may help the 
practitioner in the optimization of drug therapy with chlordi- 
azepoxide. 


In designing the radioimmunoassay, several points were consid- 
ered regarding the preparation of a suitable antigen. The ultimate 
goal of these investigations was to obtain antibodies of sufficient 
specificity to obviate the necessity of extracting chlordiazepoxide 
from plasma for its determination. Thus, the antibodies would 
have to be specific for chlordiazepoxide in the presence of all of its 
known plasma metabolites in humans, namely N-desmethylchlor- 
diazepoxide (4), demoxepam (5), and N-desmethyldiazepam (9). 
Therefore, the antibodies would be required to distinguish struc- 
tural changes occurring only in the 1,4-diazepine ring or “finger- 
print” region. I t  is well recognized that antibody specificity for a 
particular fingerprint region of a hapten is enhanced by coupling 
the hapten to the protein a t  a position in the hapten well removed 
from the fingerprint region. For this reason, the 4’-position of the 
5-phenyl group in chlordiazepoxide was chosen for linkage to the 
protein, thereby having the functional groups in the 1,4-diazepine 
ring relatively free to confer immunological specificity. This goal 
was achieved by immunization of rabbits with an immunogen pre- 
pared by covalently coupling an active acyl-azide a t  this 4’-posi- 
tion to the c-amino groups of lysine on albumin (8). The antiserum 
obtained had a high degree of specificity for chlordiazepoxide. N -  
Desmethylchlordiazepoxide showed only about 5% cross-reactivity, 
while demoxepam and N-desmethyldiazepam showed less than 
1%. This findina would suggest that  the C-2 methylamino group 


Chlordiazepoxide, 
ua/ml 


0 .5  
1 
2 
3 
4 
6 
8 


1 2  
24 
30 
48 


0.35 
2 . 3 0  
1.80 
1 . 6 5  
1 . 5 5  
1.30 
1 . 2 2  
0.84 
0 . 4 8  
0 . 3 7  
0.19 


chlordiazepoxide, by a t  the most a factor of two, a t  36-48 hr after a 
single oral dose’”. Thus, the maximum error in the determination 
of chlordiazepoxide due to  N-desmethylchlordiazepoxide at these 
late periods of time cannot exceed a 10% overestimation. 


In subjects receiving 10 mg tid or 30 mg/day of chlordiazepoxide 
hydrochloride, the average steady-state levels of N-desmethyl- 
chlordiazepoxide are. about 50% of the chlordiazepoxide levelslO, 
thereby reducing the error in the overestimation of the steady- 
state levels of chlordiazepoxide by the radioimmunoassay to 
around 2.5%. The less than 1% cross-reactivity of demoxepam and 
N-desmethyldiazepam becomes insignificant since their levels 
have been found to  be considerably less than those of chlordia- 
zepoxide a t  all times following either single or chronic doses of 
chlordiazepoxide hydrochloride’”. 


The specificity of the radioimmunoassay for chlordiazepoxide 
also was tested by comparison with an established spectrofluo- 
rometric method (4). Satisfactory agreement was obtained for the 
levels of chlordiazepoxide in subjects who had received both single 
and chronic doses of chlordiazepoxide hydrochloride. The greatest 
differences were noted with low levels of chlordiazepoxide. This 
finding is not too surprising when one considers that  the sensitivi- 
t y  limit of the radioimmunoassay (100 n g h l  using a 20-fi1 sample 
of plasma) was twice that of the spectrofluorometric method (200 
ng/ml using a 1-ml sample of plasma). Also, in the spectrofluo- 
rometric assay the level of chlordiazepoxide is dependent on the 
accuracy with which N- desmethylchlordiazepoxide is determined. 
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shaped or needle-like. The X-ray powder diffraction 
patterns of the anhydrous and trihydrate forms of 
epicillin are distinguishable (Table I). The X-ray dif- 
fraction patterns of epicillin and ampicillin and of 
epicillin trihydrate and ampicillin trihydrate, respec- 
tively, are similar. The amorphous form of epicillin 
shows no X-ray diffraction pattern. 


Epicillin trihydrate contains 13.3% of total vola- 
tiles or water, as determined by thermal gravimetric 
or Karl-Fischer analysis. Differential thermal analy- 
sis of the trihydrate shows characteristic endotherms 
a t  92, 102, and 120' and an exotherm peak at about 
213-218'; the anhydrate shows only an exotherm 
peak at about 215-220'. Differential thermal analysis 
of the amorphous form of epicillin shows only one in- 
flection near 170'. Thermograms of ampicillin and 
ampicillin trihydrate resemble those of epicillin and 
epicillin trihydrate, respectively'. 


The solid polymorphic forms of epicillin may also 
be distinguished by their IR spectra (Fig. 1). Spectra 
of epicillin anhydrate (A) and epicillin trihydrate (B) 
differ in the NH and OH stretching regions. A very 
sharp isolated band at 2.99 p m  is characteristic of the 
anhydrous form, whereas less sharp peaks a t  about 
2.85 and 2.90 pm are found for the trihydrate. The 
anhydrate also shows distinct bands a t  5.65, 5.92, 
6.12, 6.32, 6.55, 6.71, 6.86, 7.20, 7.30, 7.37, 7.68, and 
7.99 pm; the trihydrate shows corresponding bands at 
5.64, 5.95, 6.15, 6.25, 6.36, 6.71, 6.85, 7.02, 7.08, 7.15, 
7.25, 7.30, 7.52, 7.68, and 7.99 pin. There are, in addi- 
tion, striking differences between the two crystalline 
forms of epicillin evident in the fingerprint region of 
the IR spectrum (beyond 8 pm). Spectrum C shows 
the typically poor resolution characteristic of the 
amorphous form of epicillin. The IR spectra of ampi- 
cillin and its hydrated forms were reported previous- 
ly (11,141. 


Neither the trihydrate nor the anhydrate of epicil- 
lin is hygroscopic at  30' when exposed to an atmo- 
sphere of 85% relative humidity for 24 hr or to 100% 
humidity for 2 hr. The amorphous form of epicillin, 
however, increases in moisture content by 5-8% with- 
in 2 hr in air at ambient temperature. 


When the epicillin trihydrate is heated in uacuo 
(dehydrated) at  50' for 4 days, the crystal lattice is 
ruptured and the compound is converted to the 
amorphous form; under these circumstances, loss of 
activity (11%) occurs. Similarly, ampicillin trihydrate 
and monohydrate showed losses in potency after rup- 
ture of their crystal lattices (9). 
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Changes in Pharmacokinetics of 
Cefazolin due t o  Stress 


Keyphrases Cefazolin-pharmacokinetics, changes due to 
stress Pharmacokinetics-cefazolin, changes due to stress 
Stress-effects on pharmacokinetics of drugs, cefazolin 


To the Editor: 


Several investigators (1-4) have published cefazol- 
in blood level data after intravenous infusion or bolus 
dose injection. In every case the pharmacokinetics of 
this drug have been described by a one-compartment 
model. Inspection of the data indicates that the de- 
cline in blood levels is a biexponential process and 
that the pharmacokinetics of this drug are more ap- 
propriately described by at  least a two-compartment 
model, as was confirmed in our laboratories using 
normal human volunteers. 


A 1-g dose of the drug was administered intrave- 
nously and serum samples were analyzed for cefazol- 
in concentration as a function of time. The serum 
samples were assayed by absorbing 20 pl of suitably 
diluted serum on filter paper disks and placing the 
disks in bacto antibiotic medium No. 1 agar plates. 
Nine to 10 ml of agar, previously seeded with Bacil- 
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Figure 1-Cefazolin serum concentrations. Key:  #, mean 
data, four subjects; and 0, Subject B E V .  


lus subtilis spores, was used in each 100-mm plate. 
The plates were incubated for 16-18 hr at 37". Zones 
of inhibition were measured and compared to simi- 
larly assayed standards prepared in pooled human 
serum. 


The data were f i t  to a two-compartment open 
model (Scheme I) with the aid of a nonlinear curve- 
fitting program (5). For such a model, the serum con- 
centration at  any time can be expressed by: 


(h. 1) 


(Eq. 2) 


C, = Ae-"' +- B e - ~ t  


where: 
C," = A + B 


, , ( h i  - 0) 
a - 8  B = C, 


and k l z  and kP1 are first-order distribution constants 
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Figure 2-Cefazolin tissue levels. K e y :  - - - -, mean data, 
four subjects; and -, Subject B E V .  


and k e  is a first-order elimination rate constant [(ap). 
= 1221ke, a + 0 = k, + 1212 + k21]. Then: 


where V, = volume of the tissue compartment, and 
V ,  = volume of the central compartment = dose/(A + B ) .  Then: 


k,Vc 
(Vd),, = p (Eq. 6) 


(Eq. 7) dose 
v d , P x t r a p ,  = __ B 


An excellent fi t  to the data was obtained as can be 
seen in Fig. 1. The correlation coefficient was never 
less than 0.996. Analysis of the available published 
data (1-4) gives pharmacokinetic parameters that are 
similar to the results of this study (Table I). 


One patient (BEV), a white 27-year-old female 
weighing 56.3 kg, fainted upon drug administration 
and when blood samples were removed. I t  can be 
seen from Table I and Fig. 1 that this patient's data 
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Figure 3-Cefazolin excretion. K e y :  - - - -, mean data, four 
subjects; and -, Subject B E V .  
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T a b l e  I-Pharmacokinetic Parameters o f  Cefazolin” 


Parameter Present Study” Literature Valuesc Subject BEV 


4.832 f 1.784 
0.573 f 0.116 
1.961 f 0.943 
2.148 f 0.914 
1.299 f 0.226 
0.167 f 0.082 
1.248 I 0 . 2 5 5  
3,482 f 357 
6,791 f 1873 
8 ;  145 f 2609 


10,113 f 3755 


4667 
4523 


3.451 f 1.489 
0.434 f 0.083 
1.291 f 0.674 
1.683 f 0.846 
0.907 f 0.266 
0.245 f 0.142 
1.642 f 0.322 
4072 1199 
6918 f 1014 
8082 f 1157 
9757 f 670 


3508 
3693 


18.841 
0.586 


11.933 
5.481 
2.013 
0 ,037 
1.184 
2260 
7181 
7769 
8429 


4552 
4549 


‘1 Mean t S D .  ‘j Menn of f o u r  siil,ircLs. IhLa  obtained f r o m  Kefs. 1-4. 


were significantly different from those of the other 
patients in this study. The value for (Y was nearly four 
times higher than normal, while the volume of the 
central compartment was reduced by approximately 
50% to a value corresponding to the plasma volume 
for a female of BEV’s weight and age (6), indicating 
that distribution to the tissue compartment was in- 
creased. This should be expected since fainting was 
probably due to decreased blood pressure or flow in 
the brain resulting from peripheral vasodilation. 


If the muscle, a tissue associated with only moder- 
ate blood flow, is in the tissue compartment, periph- 
eral vasodilation would result in a faster rate of drug 
distribution. One would not expect (VJSs  to change 
under these circumstances, since this parameter rep- 
resents the sum of the central and tissue compart- 
ment volumes (V, + Vt) .  It can be seen from Table I 
that ( V J S s  for BEV was essentially identical to that 
of the other subjects in this study as well as to the 
mean values obtained from the literature. Similarly, 
peripheral vasodilation would not affect the overall 
elimination of cefazolin as is seen by the almost iden- 
tical values for p. In addition, the total body clear- 
ance, which for this drug also represents renal clear- 
ance since the drug is virtually nonmetabolized, was 
not changed between BEV and the other patients in 
this study (Table I). 


A theoretical plot of cefazolin tissue levels and the 
cumulative amount excreted into the urine, based on 
the data of Table I, is shown in Figs. 2 and 3. The tis- 
sue levels rose rapidly and peaked significantly soon- 
er for BEV than for the other patients. Differences in 
urinary excretion, however, were not considered sig- 
nificant. 


In terms of antibiotic therapy, the differences in 
pharmacokinetic parameters induced by this type of 
stress is probably not significant, because in actual 
therapy cefazolin must be administered in a constant 
infusion or multiple-dose regimen. This study illus- 


trates that changes in drug distribution can occur in 
the clinical situation. These changes would be signifi- 
cant when therapeutic tissue levels must be obtained 
rapidly and the drug has a narrow therapeutic index, 
i.e., in the treatment of cardiac arrhythmias. In these 
cases, the patient is under a stress situation and the 
clinician is advised to be aware of potential adverse 
effects due to drug “redistribution” as the patient’s 
condition improves. 
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Crystal Structures of Azathioprine Dihydrate and 
6-Methylmercaptopurine Trihydrate 


WILLIAM J. COOK and CHARLES E. BUGG' 


Abstract 0 The crystal and molecular structures of 6-methylmer- 
captopurine trihydrate and of azathioprine dihydrate were deter- 
mined by the use of three-dimensional, X-rax diffractometer data 
and were refined by least squares. Both molecules crystallize in the 
N(9)-H tautomer form, in contrast to the N(7)-H tautomer form 
found in crystals of 6-mercaptopurine. Unlike 6-mercaptopurine, 
or other thiopurines that have unsubstituted thio groups, the sul- 
fur atoms of 6-methylmercaptopurine and azathioprine do not act 
as hydrogen-bond acceptors in the crystal structures. These two 
derivatives of 6-mercaptopurine assume a conformation in which 
the substituents on the sulfur atom are directed away from the im- 
idazole moiety of the purine. 
Keyphrases 0 Azathioprine dihydrate-crystal and molecular 
structures 6-Methylmercaptopurine trihydrate-crystal and 
molecular structures Mercaptopurine derivatives-crystal and 
molecular structures of azathioprine di.hydrate and 6-methylmer- 
captopurine trihydrate Crystallography-determination of 
structures of azathioprine dihydrate and 6-methylmercaptopurine 
trihydrate 


A number of synthetic purine and pyrimidine ana- 
logs are useful chemotherapeutic agents (1-3). Of the 
purine analogs that are effective in cancer chemo- 
therapy, mercaptopurine is one of the most widely 
used (3-5). However, its effectiveness is limited by its 
rapid degradation in uivo (6), and derivatives have 
been synthesized with the intent of preventing this in 
vivo degradation. A particularly effective derivative 
is azathioprine', 6- [ (l-methyl-4-nitroimidazol-5- 
yl)mercapto]purine, in which the protective group is 
a nitroimidazolyl moiety (7). Azathioprine reacts 
with sulfhydryl groups, resulting in the slow libera- 
tion of free 6-mercaptopurine. 


Acquired resistance to mercaptopurine represents 
the second major obstacle to its successful use (2, 8). 
For in vivo activation, mercaptopurine must be first 
converted to its ribonucleotide (by the enzyme ino- 
sinic-guanylic pyrophosphorylase) and then to 6- 
methylmercaptopurine ribonucleotide (1, 2). When 
administered as the ribonucleoside, 6-methylmercap- 
topurine is capable of inhibiting the growth of cells 
that have acquired resistance to mercaptopurine by 
loss of inosinic-guanylic pyrophosphorylase (1). This 
analog ribonucleoside, mistaken for adenosine by the 
enzyme adenosine kinase, is converted directly to the 
ribonucleotide, thus bypassing the pathway responsi- 
ble for resistance to mercaptopurine (1). 


This paper describes the crystal structures of aza- 
thioprine dihydrate and 6-methylmercaptopurine 
trihydrate and discusses some apparent structural ef- 
fects produced by the addition of substituents to the 
sulfur atom of mercaptopurine. 


Imuran, Burroughs Wellcome Co.; preferred chemical name is 6-[(l- 
methyl-4-nitroimidazol-5-yl)thio]purine. 


Table I-Crystal Dataa 


Azathioprine 6-Methylmercapto- 
Dihydrate purine Trihydrate 


Stoichiometry C ~ H , N T O ~ S . ~ H ? O  C6H6N4S.3H20 
Z 4 4 


Space Group P2dC P 2 d c  
a 4.560 (1) A 10.721 (1) A 


6.976 (2) b 15.491 (1) 
c 19.447 (3) 15.027 (2) 
P 93.61 (1)' i i 5 . 0 4  (ij6 
p (calculated) 1.518 g ~ m - ~  1 .437  g cm-3  
p (observed) 1 . 5 1  g ~ m - ~  1 . 4 3  g ~ m - ~  
M (CuKfi) 22.8  cm-I 27.0 cm-l 


aThe  density was measured by flotation in a mixture of benzene and 
carbon tetrachloride. 


EXPERIMENTAL 


Yellow crystals of azathioprine were obtained by slowly evapo- 
rating a water-ethanol solution; colorless crystals of 6-methylmer- 
captopurine were grown from a solution of water and dimethyl- 
amine. Weissenberg and oscillation photographs showed the crys- 
tals to be monoclinic, space group P21/c, as indicated by the sys- 
tematic absence of reflections h01 with 1 odd and OkO with k odd. 


Data for azathioprine were obtained from a crystal fragment 
with approximate dimensions of 0.30,0.20, and 0.03 mm. Data for 
6-methylmercaptopurine were obtained from a crystal fragment 
with approximate dimensions of 0.30,0.20, and 0.10 mm. All angu- 
lar and intensity data were collected with an X-ray diffractome- 
ter2, by use of a scintillation counter and nickel-filtered copper ra- 
diation. 


Cell parameters were measured before and after intensity data 
were collected. Approximate cell parameters for use in collection of 
intensity data were calculated by a least-squares analysis of the 
angular settings for several medium-angle reflections (CuKcu, A = 
1.5418 A). Accurate values for the cell parameters were determined 
immediately after data collection by a least-squares analysis of 28 
values for high angle reflections (CuKal, A = 1.54051 A). The final 
cell parameters were based on nine reflections from each com- 
pound; these parameters were not significantly different from 
those obtained prior to data collection. Crystal data, including the 
final cell parameters, are given in Table I. 


Intensity data were measured by use of a 28 scanning technique. 
The scanning speed was 1°/min, and a 20-sec background mea- 
surement was performed at  each terminus of the scans. All unique 
reflections with 28 < 128O were measured, including 2279 reflec- 
tions for azathioprine and 1697 reflections for 6-methylmercapto- 
purine. Those reflections with scan counts below background lev- 
els were given their calculated negative intensity values and were 
retained in all subsequent calculations. 


The intensities were assigned variances, a2(Z), according to 
counting statistics plus a correctional term (0.03S)2, S being the 
scan count. The intensities and their variances were corrected for 
Lorentz and polarization effects, and absorption corrections were 
applied by using the program ORABS (9). The data sets were 
scaled using Wilson (10) plots. 


The trial structure of azathioprine was obtained by the heavy 
atom method, using sulfur as the heavy atom, and the trial struc- 
ture for 6-methylmercaptopurine was obtained by direct methods, 
with the use of the computer program MULTAN (11). A modified 
version of the full-matrix least-squares program ORFLS was used 


* Picker FACS-1. 
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Table 11-Heavy Atom Parameters and Their Standard Deviationsa 


Atom X Y z 811 8 2 2  8 3 3  812 813 8 2 3  


7467 (2) 
4199 (7) 
3293 (9) 
4123 (6) 
6072 (8) 
7167 (8) 
6144 (8) 
9171 (7) 
9212 (9) 
7442 (7) 
6080 (8 )  
4253 (8) 
3919 (7) 
5568 (10) 
6918 (7) 
8877 (13) 
2772 (8) 
3382 (8) 
914 (7) 


1203 (14) 
6145 (17) 


7926 (1) 
5284 (1) 
3928 (1) 
3293 (1) 
4189 (1) 
5611 (1) 
6152 (1) 
6214 (1) 
5159 (1) 
3917 (1) 
8109 (2) 
375 (1) 


1432 (1) 
8956 (1) 


2359 (1) 
3781 (2) 
4427 (2) 
4608 (2) 
4037 (2) 
3330 (2) 
3236 (2) 
2874 (2) 
3308 (3) 
4018 (2) 
2590 (2) 
2138 (2) 
2517 (2) 
3204 (3) 
3282 (2) 
3997 (3) 
1344 (2) 
959 (2) 


1093 (2) 
1165 (3) 
340 (5) 


2332 (1) 
1946 (2) 
2075 (2) 
2636 (2) 
3137 (2) 
3100 (2) 
2462 (2) 
3711 (2) 
4084 (2) 
3765 (2) 
1489 (3) 
3198 (2) 
3908 (2) 
5272 (2) 


Azathioprine Dihydrate 
2230 (1) 684 (7) 24 (1) 
1949 (1) 439 (18) ii k! 20 (1) 
1533 (2j 407 (23j 40 (2j 23 ( i j  
904 (1) 444 (18) 38 (2) 
693 (2) 393 (21) 38 (2) t i  


1072 (2) 402 (21) ;; (1) 
1719 (2) 388 (21) :g i l )  
705 (2j 500 (isj 45 (2j 21 ( i j  
126 (2) 468 (25) 49 (2) 22 (1) ~~~ 


87 (2j 514 (2ij 44 (2j Is ( i j  
3021 (2) 454 (22) 31 (2) 20 (1) 
3424 (2) 467 (23) 32 (2) 20 (1) 
4041 (2) 603 (22) 47 (2) 23 (1) 
4023 (2j 660 @ j  42 (2j 22 ( i j  
3422 (2) 452 (19) 38 (2) 26 (1) 
3249 (3) 598 (33) 46 (2) 38 (2) 
3248 (2) 602 (23) 36 (2) 32 (1) 
2731 (2) 1056 (27) 41 (2) 34 (1) 
3639 (2) 778 (23) 58 (2) 51 (1) 
822 (4) 2018 (65) 94 (4) 241 (6) 
685 (8) 1899 (77) 130 (6) 546 (16) 


6-Methylmercaptopurine Trihydrate 
741 (1) 49 (1) 215 (1) 49 (1) 


-577 (1) 137 (2) 35 (1) 
-823 (1) gi 140 (31 34 (1) 


983 ( i j  52 ( i j  i i 4  (3j 34 (ij 
338 (1) 54 (1) 102 (3) 38 (1) 


1953 (1) 178 (3) 
2152 (1) ;i 184 13) % It! 
1390 i i i  59 i i i  164 i3j 44 i i i  


-325 ( i j  85 (2j 242 (5j 57 ( i j  
-1444 (1) 60 (1) 184 (3) 57 (1) 


1426 (1) 115 (2) 222 (3) 154 (2) 
2916 (1) 67 (1) 197 (2) 46 (1) 


a Values were multiplied by 10’. Temperature factors are coefficients in the expression T = exp (-,3llhl - &2kl - &I2 - 2p1zhk - PplZhl - 2,%kl). The 
values of the isotropic extinction parameter areg = 0.040 (6) for azathioprine dihydrate and g = 0.079 (3) for 6-methylmercaptopurine trihydrate. 


to refine the trial structures (12, 13). The quantity minimized was 
Zw(Fo2 - F c 2 / k 2 ) 2 ,  with k as a scale factor and the weight w 
equal to 1/u2 ( F o 2 ) .  Scattering factors for the nonhydrogen atoms 
were from the ‘‘International Tables for X-ray Crystallography” 
(14), anomalous dispersion correction factors for these atoms were 
from Cromer and Liberman (15), and hydrogen-atom scattering 
factors were from Stewart et al. (16). 


All hydrogen atoms except those bonded to the two water mole- 
cules in azathioprine dihydrate, which exhibited excessive thermal 
motion, were located in difference Fourier maps, which were calcu- 
lated during the latter stages of refinement. Final cycles of refine- 
ment included all positional parameters, anisotropic temperature 
factors for the nonhydrogen atoms, isotropic temperature factors 
for the hydrogen atoms, and Zachariasen’s (17) isotropic extinction 
parameter g [as formulated by Coppens and Hamilton (18)]. The 
final R index ( Z l  IF01 - \IFc[ I /SlFol)  is0.079for azathioprinedihy- 
drate and 0.029 for 6-methylmercaptopurine trihydrate. 


During the last cycle of refinement, no parameter shifted more 
than one-fifth of its estimated standard deviation. Final three- 


, dimensional electron-density difference maps showed no peaks or 
troughs that exceeded 0.53 e/A3 for azathioprine dihydrate and 
0.19 e/A3 for 6-methylmercaptopurine trihydrate. 


RESULTS3 


Table I1 lists the final heavy atom parameters and their estimat- 
ed standard deviations. Table I11 gives the hydrogen atom parame- 
ters and their estimated standard deviations. For nonhydrogen 
atoms of azathioprine and 6-methylmercaptopurine, the estimated 
errors in positional coordinates are about 0.004 and 0.002 A, re- 


3 Tables of observed and calculated structure factors will be furnished by 
the authors upon request. 


spectively; for hydrogen atoms of the two purines, these errors are 
0.05 and 0.03 A, respectively. 


Figure 1 shows the conformations, thermal ellipsoids, and bond 
lengths for azathioprine and 6-methylmercaptopurine. Bond an- 
gles are listed in Table IV. Both molecules crystallize in the N(9)- 


Table 111-Hydrogen Atom Parameters and Their 
Standard.Deviations‘ 
~~~ 


Atom X Y z B, 1t2 
Azathioprine Dihydrate 


H IC2) 200 (7) 481 (2) 171 (1) 2.6 (0.7’1 
~ ( C 8 j  1032 (8j 318 (2j -22 (2j 4 . 3  io .s j  
H (N9) 710 (9) 441 (2) -26 (2) 6 .0  (1.1) 
H(C13) 577 (8) 364 (2) 436 (2) 4 .3  (0.9) 
H(C15) 1047 (10) 382 (3) 293 (2) 6 .6  (1.2) 
H‘(C15) 959 (10) 421 (3) 366 (2) 7 . 1  (1.5) 
H”(C15) 770 (10) 441 (3) 301 (2) 7.4 (1.4) 


6-Methylmercaptopurine Trihydrate 


H(C2) 524 (1) 454 (2) 278 (1) 3 .2  (0.3) 
310 (2) 391 (3) 139 (1) 4.6 (0.4) 


H (C8) 
H (N9) 
H(C10) 


E’g?) 110 (2) 303 (3) -106 (2) 5 . 3  (0.5) 
123 (2) 290 (3) 154 (2) 6 . 3  (0.6) 
91 (2) 469 (3) 138 (2) 6 .6  (0.6) 


H (W2) 
H‘(W2) 


818 (2) 484 (3) 264 (1) 5 .0  (0.5) E‘$J) 914 (2) 569 (3) 247 (1) 5 . 0  (0.5) 


335 (2) 167 (2) -148 (1) 3.5 (0.3) 


906 (2) 156 (4) - 17 (2) 7 .O (0.5) 
H‘(C10) 768 (2) 228 (3) -89 (2) 6 . 7  (0.6) 
H”(C10) 777 (2) 23 (4) -49 (2) 7 .2  (0.6) 


3 (2) 210 (3) -159 (1) 4 . 8  (0.5) 


a Positional parameters were multiplied by 103. 
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Figure 1--Perspective view of the molecules, including bond lengths: (a)  azathioprine, and (b) -6-methylmercaptopurine. Estimated 
standard deviations in bond lengths between nonhydrogen atoms are about 0.006 and 0.003 A for the azathioprine and 6-methyl- 
mercaptopyrine structures, respectively. Estimated standard deviations in bond lengths involving hydrogen atoms are about 0.06 
and 0.03 A in the azathioprine and 6-methylrnercaptopurine structures, respectively. Nonhydrogen atoms are represented by thermal 
ellipsoids defined by the principal axes of thermal vibration and scaled to include 50% probability. Hydrogen atoms are represented 
by spheres of 0.07 A radius. This drawing, as well as Figs. 2 and 4 ,  was prepared by using the computer program ORTEP (32). 


H tautomer form and display a conformation in which the suhstit- 
uents bonded to the sulfur atom (nitroimidazolyl and methyl 
groups) are directed away from the imidazole moiety of the base 
[the S-C(l0) bond is tram to the C(5)-C(6) bond]. It appears that 
nitroimidazolyl and methyl substituents exert different influences 


Table IV-Bond Angles Involving Nonhydrogen Atoms" 


6-Methyl- 
Azathioprine mercaptopurine 


Dihydrate Trihydrate 


C (6)-N(l)-C (2) 
N(1)-C (2\-N(3) 
C(2)-N(3)-C(4) 
~ 1 3 ) - c  (4j-c  (5j 
N(3)-C (4)-N(9) 
C (5)-C (4)-N (9) 
C(4)-C(5)-C(6) c (4j-c  (5 j -N (7) 
C(6)-C(5)-N(7) 


117.6' 
128.2" 
112 .O" 
125.5" 
128.8' 
105.7' 
115.8" 
110.8" 
133.4" 


117.6' 
129 .O" 
111 .aa  
125.6" 
128.3' 
106.1' 
117 .O" 
110.1" 
132.9' 


C (5j-C ( s j - ~  (1 j 120.9' 119 .O" 


N(l)-C(G)-S 120.9' 121.6' 
C (5)-N(7)-C(8) 103 .O" 103.7' 
N(7)-C(8)-N(9) 114.9' 114 .O" 


C (5)-C(6)-S 118.2" 119.3" 


c < 4 j - ~ i g \ - c & i  105.6" 106 . l o  
102 .go - c(6j-S-i j (10)~- '  102.1° 


- 
C ( l l ) - C  (lO)-S 132 .O" 
C (11)-C(10)-N(14) 103.5' 
N (14) -C (10) -S 124.2' 
C( lO)-C( l l ) -N( l2)  113 .O" 


- 
- 
- C ~ l O \ - C ~ l l \ - N ? l 6 \  126 :6" 
- 
- 


N (12) -C (1 I ~ - N  ii6j 120.3" 
C( l l ) -N( l2) -C( l3)  103 ,4"  
N(12)-C (13)-N(14) 112.8' 
C (13)-N (14)-C (10) 107.2" 


- 
- 
- 
- 


c (nj-~(i4j-c (i5j 125.1" 
C (10) -N (14)-C (15) 127.7' 
C (11)-N (16)-0 (17) 119.2" - 
C (11)-N (16)-O(18) 117 .O" - 
O(17)-N (16)-0 (18) 123.8' - 


a Estimated standard deviations are about 0.3O for azathioprine and 0.2'' 
for 6-methylmercaptopurie. 


on the geometry of the purine moieties. The most significant dif- 
ferences between corresponding bond lengths and angles in the 
two structures involve the sulfur atom and/or atom C(6), and it is 
likely that they are due to inductive effects of the substituents. 


The purine rings are almost planar, and none of the atoms de- 
viates from the least-squares purine planes by more than 0.015 A 
in azathioprine and 0.008 A in 6-methylmercaptopurine. In azathi- 
oprine, atoms S and C(10) are displaced from the purine plane by 
0.021 and 0.307 A, respectively; in 6-methylmercaptopurine, these 
two atoms are displaced by 0.036 and 0.023 A, respectively. The 
large displacement of C(l0) of azathioprine is probably due to ste- 
ric hindrance between the bulky nitroimidazolyl moiety and the 
purine ring. 


The crystal-packing scheme for azathioprine is depicted in Fig. 
2. Hydrogen-bond distances and angles are listed in Table V. Aza- 
thioprine molecules are joined by pairs of N(9)-H. - mN(3) hydrogen 
bonds across crystallographic inversion centers. The purine 
moieties are stacked in the a direction, with adjacent bases along a 
being separated by an interplanar spacing of 3.29 A; the stacking 
pattern, as viewed perpendicular to the plane of the purine moiety, 
is shown in Fig. 3a. The water molecules, which display extremely 
large apparent thermal motion, are hydrogen bonded together, re- 
sulting in channels that run parallel to the a axis. 


Figure 4 depicts the crystal-packing scheme for 6-methylmer- 
captopurine. Hydrogen-bond dimensions are included in Table V. 
The water molecules are hydrogen bonded together and to the 


Figure 2-Stereo drawing of the crystal packing of aza- 
thwprine dihydrate, as viewed down the a axis. The water 
molecules are represented by circles. Hydrogen bonds are 
depicted as fine lines. 
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Table V-Hydrogen Bond Distances and Anglesa 


Distances, A 
Donor- 


Hydrogen- Hydrogen- 
Donor Atom Hydrogen Atom Acceptor Atom Donor-Acceptor Acceptor Acceptor Angle 


Azathiomine Dihvdrate 
N(9) 
O(W1)b 
O(W1)b 
O(W1)b 
O(W2)b 
O(W2)b 
O(W2)b 


N(3) e 
N(7) b 
O(W2) a 
O(W2) b 
O(W1) a 
O(W1) c 
O(W2) d 


2.929 
2.810 
2.618 
2.635 
2.618 
2.635 
2.992 


2.02 169 ' 


6-Methylmercaptopurine Trihydrate 
O(W2) a 2.689 1 .81  
O(W3) f 2.804 1 .98  


2.893 
2.817 
2.807 
2.884 
2.808 


2.15 
2.05 
2.04 
2.07 
1.98 


173' 
171' 
166' 
169' 
173' 
179' 
177" 


a Symmvtry codes-a: x, y, z; b: x - 1, y, z; c: x + 1, y. z; d: -x + 1, -y. -2; e: -x + 1, - y  + 1, -2; f x - 1, - y  + I/?,  z - I/?; g: -X f 1, Y 
- I/:, - 2  + I;!; and h: - x ,  -y + 1, -2. Possible hydrogen-honded contacts. Positionsof these hydrogen atomscould not he determined. 


N(3), N(7), and N(9) sites. The channels of hydrogen-bonded 
water molecules run in the b direction. There are no hydrogen 
bonds between molecules of 6-methylmercaptopurine. The bases 
form planar ribbons running in the c direction and lying nearly 
parallel to the ac plane. The ribbons of bases are stacked in the b 


6 


R/ o Sulfur 
R Nitrogen 


0 Hydrogen 


Figure 3-Base stacking patterns, as viewed perpendicular to 
the planes of the purine rings. Key: (a), azathioprine; and (b), 
6-methylmercaptopurine. 


direction, with interpurine stacking distances of 3.33 and 3.24 A. 
The stacking pattern is shown in Fig. 36. 


DISCUSSION 
Mercaptopurine derivatives with a substituent bonded to the 


sulfur atom would be expected to assume one of two conformations 
that are related to each other by a rotation of 180° around the 
C(6)-S bond. To maintain partial double-bond character in the 
C(6)-S bond, the mercapto group must be approximately coplanar 
with the purine moiety; therefore, the substituent must point ei- 
ther toward (Structure I) or away from (Structure 11) the imidaz- 
ole ring of the base. 


Examination of W-methyladenine (19) and other W-monosub- 
stituted adenine derivatives (20-22) revealed that even relatively 
small aliphatic groups at  the N(6) position tend to point away 
from the imidazole ring [trans to the C(5)-C(6) bond]. Molecular 
orbital calculations for NG-monosubstituted adenine derivatives 
indicate that this trans-conformation is the more stable (23), and 
examination of space-filling molecular models suggests that the al- 
ternate conformation (in which the substituent is positioned cis to 
the imidazole moiety) is destabilized by interference between the 
substituent and atom N(7). Molecular models of azathioprine and 
6-methylmercaptopurine show that similar interactions occur be- 
tween atom N(7) and the substituents of these compounds when 
the substituents are cis to the imidazole moiety, so it is not sur- 
prising to find that both azathioprine and B-methylmercaptopur- 
ine assume the trans-conformation depicted in Structure 11. 


Azathioprine and 6-methylmercaptopurine both crystallize in 
the N(9)-H tautomer form, the same tautomer found in crystals of 
N 6 -  (A2-isopentenyl)-2-methylmercaptoadenine (24), another de- 
rivative that contains a substituent bonded to the sulfur atom. In 
contrast, 6-mercaptopurine (25, 26), 6-thioguanine (27). and 2- 
thio-6-methylpurine (28, 29), all of which possess unsubstituted 
thio groups, crystallize as N(7)-H tautomers. 


It appears that the sulfur atoms of 6-methylmercaptopurine and 
azathioprine may be poor hydrogen bond acceptors, since neither 
of these atoms participates in hydrogen bonding in the crystal 
structures. Similarly, in' the crystal structure of N 6 -  (A2-isopen- 
tenyl)-2-methylmercaptoadenine (24), the sulfur atom is not in- 


k 
I II 


B 
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Figure 4-Stereo drawing of the crystal packing of 6-methyl- 
mercaptopurine trihydrate, as viewed down the b axis. Hydro- 
gen bonds are depicted as  fine lines. 


volved in hydrogen bonding. In contrast, the unsubstituted thio 
groups are hydrogen bond acceptors in the crystal structures of 6- 
mercaptopurine (25, 26), 6-thiopurine riboside (30), 6-thioguanine 
(27), 6-thioguanosine (30,  and 2-thio-6-methylpurine (28, 29). 
These crystallographic results suggest that the addition of substit- 
uents to the sulfur atom of 6-mercaptopurine may have an appre- 
ciable effect on the hydrogen-bonding. properties of the base. 
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tients who are receiving digoxin, steady-state studies in normal 
volunteers (7) correlate with the single-dose studies, suggesting 
that either protocol may be used. 


The dose of digoxin appears to be important with regard to its 
absorption. Greenblatt e t  al. (12) used a single dose of 0.75 mg and 
found that the absolute bioavailability relative to an intravenous 
infusion of digoxin was 65% for the elixir and 55% for a digoxin 
tablet. Both of these values are considerably lower than the find- 
ings in this study. They administered the intravenous digoxin by a 
1-hr infusion and found a slightly higher percent of the intrave- 
nous dose of digoxin in the urine, which may explain these differ- 
ences. 


Recent studies by Greenblatt et  al. (13) indicate that the cumu- 
lative excretion of digoxin in the urine is 7% greater following a 1- 
hr intravenous infusion of digoxin when compared to an intrave- 
nous injection over 3 min. This finding accounts for the difference 
between the 66% cumulative excretion of digoxin following the in- 
travenous dose in this study as compared with 76% in their study 
(12). When this difference is considered, however, there still re- 
mains an unexplained 13% difference in the bioavailability of di- 
goxin in the two studies. Steady-state studies suggest that  the bio- 
availability of oral digoxin may be dose dependent (7). The  differ- 
ences between this study and the earlier one (5) support this possi- 
bility. Therefore, a standard dose of digoxin should be chosen for 
future digoxin bioavailability studies. 
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Abstract  The rate constants for alcoholic solvolysis of the hy- 
drochloride salts of diethylaminodibenzo[a,d Icycloheptene and re- 
lated amino congeners were determined. The objective was a study 
of the comparative ease of cleavage of the C-N amino linkage by 
various aliphatic alcohols. The interaction of protonated amines of 
this series with alcoholic hydroxyls presumably leads to formation 
of the corresponding ethers in a manner somewhat analogous to 
alkoxide reaction with alkyl bromides. The methyl ether produced 
from solvolysis of diethylaminodibenzocycloheptene hydrochlo- 
ride was isolated and identified. Methanol appears to react some- 
what more rapidly with the amine hydrochlorides than other ali- 
phatic alcohols. The latter produce almost invariant velocity con- 
stants with a given amine hydrochloride. The exception was tert - 


butanol, which resulted in hobs values about one-third of those 
given by the other alcohols. Some velocity constants in formic and 
acetic acids were evaluated. Generation of carbonium ions of ap- 
preciable lifetime was indicated in formic acid by the formation of 
a highly colored (red-violet) solution. This color may be a manifes- 
tation of the dibenzotropylium ion. 


Keyphrases 0 5-Aminodibenzo[a,d]cycloheptenes-alcoho1ic sol- 
volysis, rate constants 0 Solvolysis, alcoholic-medicinally active 
5-aminodibenzo[a,d Icycloheptenes, rate constants Alcohols- 
solvolysis of hydrochloride salts of diethylaminodibenzo[a,d Icy- 
cloheptene and related amino congeners, rate constants 


Protonated members of the 5-aminodibenzo[a, d ] -  
cycloheptane series (I) were found to be relatively 
unstable in aqueous solution, with rupture of the 
C-N linkage being the pertinent reaction (1). Inser- 
tion of a double bond between positions 10 and 11 of 
the cycloheptane moiety produced 5-aminodiben- 
zo[a,d]cycloheptenes (11) and led to a nearly two- 


magnitude enhancement of the hydrolytic velocity 
constant. Velocity increases in each series were de- 
pendent upon the amino substituent a t  C-5. The rate 
constants for hydrolysis of these 5-amino compounds 
(I and 11) were invariant with pH (where pH < pKa), 
being only a function of the nature of the various pro- 
tonated amines and the specified temperature (1). 
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Both series of compounds were previously found me- 
dicinally active as antihistaminic and anticonvulsant 
agents (2, 3). 


The sensitivity of 5-aminodibenzocycloheptenes 
(11) to decomposition in aqueous solution is possibly 
mediated through a highly resonance-stabilized di- 
benzotropylium ion (111), with the positive charge 
being distributed over the carbon atoms of the entire 
molecule. However, on the basis of experimental evi- 
dence, the bimolecular attack of alcohol on the pro- 
tonated amine cannot be discounted. 


It became of interest to examine the reactivities of 
several aminodibenzocycloheptenes with ROH 
groups from a mechanistic viewpoint as-well as from 
the standpoint of their tendency to function as alkyl- 
ating agents. The aminodibenzocycloheptenes (11) 
react readily with nucleophiles such as alcoholic hy- 
droxyls and carboxylic acid hydroxyl groups com- 
monly found in proteins. These alkylation reactions 
may be related to the strong vesicatory properties of 
many members of this series. Sensitivity is noted 
with extremely dilute solutions or trace amounts of 
the pure material (2). 


The work presented is mainly involved with the 
proclivity of several 5-aminodibenzocycloheptenes to 
interact with aliphatic alcohols, resulting in ether for- 
mation and simultaneous liberation of the primary or 
secondary amine during cleavage of the C-N bond 
(Scheme I). 


EXPERIMENTAL 


Preparation of Compounds-5-Aminodibenzo[a,d]cyclohep- 
tanes, either as the free base or hydrochloride salts, were synthe- 
sized as previously reported from 5-chlorodibenzocycloheptanel 
and the corresponding amine in benzene or toluene (1,3). 


The 5-aminodibenzo[a,d]cycloheptenes were isolated as the free 
bases or hydrochloride salts from the 5-chlorodibenzocyclohep- 
tene reaction with the corresponding liquid amine (4-6). The 5- 
chlorodibenzocycloheptene was prepared by treatment of the al- 
cohol' with equimolar thionyl chloride in dry toluene. It was em- 
ployed without further purification following removal of solvent. 


Compounds utilized in this study were recrystallized and 
subjected to C, H, N, and C1 microanalysis. Actual values were 
found to be in good agreement with theoretical values (1,6). Melt- 
ing points corresponded to those previously reported for the com- 
pounds (1, 3-5) and TLC [chloroform-diethylamine (99:1)] showed 
only one spot. 


Kinetic Procedures-Solutions of the various alcohols were 
equilibrated at the specified temperatures, followed by addition of 


Aldrich Chemical Co., Milwaukee, Wis. 


25 mg of the amine hydrochloride in solution to give a final volume 
of 100 ml. Four-milliliter samples were periodically withdrawn and 
evaporated to dryness under reduced pressure (rotary evaporator), 
followed by addition of 0.5 ml of 0.1 N HCl, 0.5 ml of 0.1 N'NaOH, 
4 ml of pH 3.44 citrate buffer*, and 25 ml of methyl orange solu- 
tion3. The aqueous solution was extracted three times with 30-ml 
pprtions of chloroform and made up to 100 ml in a volumetric 
flask. The chloroform solutions were scanned in the visible from 
390 to 460 nm. 


Neither the decomposition products nor their mixtures with the 
intact molecules in equimolar concentrations produced apprecia- 
ble chloroform extractive color with methyl orange. This was noted 
since degraded solutions failed to interfere with the analytical pro- 
cedure. 


Solvent alcohols were reagent grade, anhydrous, except 95% eth- 
anol. The other chemicals and materials used were reagent grade. 


The analytical procedure was altered in the case of propylene 
glycol in that 2 ml of the propylene glycol containing 0.5 mg/ml 
amine was diluted to 50 ml, followed by adjustment of the pH to 
3.44. The methyl orange was added and the method was followed 
as previously stated. 


Degradation Products-A 250-mg sample of 5-diethylamino- 
dibenzo[a,d]cycloheptene hydrochloride was heated at  50° for 18 
hr in methanol solution. The resultant solution was filtered, and 
the filtrate was evaporated to dryness, acidified, and extracted into, 
dry ether. The purity of the sample was checked by TLC' [chloro- 
formdiethylamine (99:1)], with only one spot, R, 0.75, being ob- 
served. The ether was evaporated, leaving an oily residue which 
was subjected to mass spectroscopy. The molecular ion, M+, exhib- 
ited a value of 222, indicative of the methyl ether; NMR (CDCl3): 
3.3 (s, 3H, OCH3) and 7.1 (m, 8H, aromatic protons) ppm. 


Anal. -Calc. for C16H140: C, 86.5; H, 6.3. Found: C, 86.2; H, 6.1. 


RESULTS AND DISCUSSION 


Rate constants were determined for the reactions depicted in 
Scheme I from either: 


(Eq. 1) 


log ( A ,  - A,) = log (A" - A,)  - k , , b f / 2 . 3 0 3  (Eq. 2) 


where A 0, At, and A are absorbances at times = 0, t ,  and infini- 
ty, respectively; and k obs is the observed first-order rate constant. 
The residual absorbance, A .,,, varied from negligible to about 2% 
Ao. Rate constants were evaluated in triplicate and were generally 
reproducible to within f1W. Figure 1 illustrates the means of cal- 
culating k obs by absorbance plots of the ion-pair complex (chloro- 
form solution) uersus time (Eq. 2) for several compounds in Table 
I. 


Table I lists some alcohols examined for their effects on the 
reaction rate of the 5-aminodibenzocycloheptenes. Invariance of 
the velocity constants from alcohol to alcohol, with the exception 
of sterically hindered tert -butanol, is rather persuasive, but not 
conclusive, evidence of an s N 1  process; SN processes, which for ac- 
tivation require only a dispersal of charge, are usually three or 
more times as fast in ethanol as in water (7). However, this phe- 


+ 
I1 


Scheme I 


Iv 


* Prepared from 9.7 g of anhydrous citric acid in 900 ml of water. Thirty 
percent sodium hydroxide (10.5 ml) was added, and the pH was adjusted to 
3.44 with concentrated hydrochloric acid, followed by dilution to 1 liter with 
distilled water. 


Two hundred and fifty milligrams of methyl orange (Eastman No. 432), 
3.3 ml of 0.1 N NaOH. and .a00 ~ p l  of water were placed in a 1-liter, volumet- 
ric flask and shaken to dissolve the contents. The pH was adjusted to 7.0 
with 0.1 N HCI (dropwise), followed by dilution to 1 liter with distilled 
water. 


4 Silica gel FG, 250 Irm, Analtech Inc.. Newark, Del. 
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H' &R,& 


R2 = hydrogen, alkyl 
Table I-Rate Constants (k,hs in  hours-') for Reaction of Various 5-Aminodibenzo [a,d Icyclohep- R, = alkyl, cycloalky,, allyl 
tenes in Alcohol Solution (Ether Formation) at Specified Temperatures 


kobsa, Alcohols 
Tem- - Pro- - _.-. 
pera- Meth-  Iso- sec- tert- pylene 


5-Substituent ture  Water anol Ethanol Propanol propanol Butanol Butanol Butanol  Glycol 


1. Diethylamino 50" 0.49 1.50  1.27 1.32 2.04 1.61 1.54 0.68 1.31 


2. Pyrrolidinoamino 60' 0.013 0.037 0.020 0.018 0.019 0.012 0.018 0.005 0.024 


3. Allylamino 60" 0.24 0.108 0.116 0.103 0.082 0.059 0.053 0,015 0.159 


4. Propylamino 60' 0.044 0,047 0,032 0.029 0.028 0.023 0.026 0.007 


5. Piperidinoamino 60" 0.12 0.322 0.277 0.271 0,277 0.209 0.244 0.063 0.204 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


- 


Other conditions, listed in the order of compound, temperature, alcohol, and kohr, are: diethylamine hydrochloride, 40", ethanol, 0.26; PrOPanol, 0.25 
methanol, 0.33; and propylamino hydrochloride. 60°, neopemtyl, 0.027. 


nomenon also holds for reaction of neutral molecules with amine 
hydrochlorides. This phenomenon is manifested in the majority of 
the reactions of Table I. 


Application of the mass law effect may be compelling evidence 
of an s N 1  reaction. For the sequence shown in Scheme 11: 


k ,  R'OH 
R ~ H R , R ,  9 NHR,R, + R+ 7 ROR' 


k, 


Scheme I1 


when assuming steady-state treatment, one obtains (7): 


Addition of excess amine should cause the rate of hydrolysis to 
slow down after some lag time. This is calculated by means of in- 
creasing the denominator in Eq. 3 through the [NHRIR~] term. 
Unfortunately, the experiment cannot be carried out as with alkyl 
halides and halide ions because the proton exchange between 
added amine and protonated reactant produces precipitation of 
the 5-aminodibenzocycloheptene base, leaving the true mechanism 


\ 
9 \ 


0.1 I I I I I I I I 


0 5 10 15 20 25 30 35 
HOURS 


Figure 1-Observed first-order plots for absorbance loss of 
various aminodibenzocycloheptenes as a function of time. The 
amine hydrochloride salts and alcohols utilized are listed in the 
key, along with the temperature for each. K e y :  @, propylamine 
hydrochloride-methanol, 60"; 0, allylamine hydrochloride- 
propylene glycol, 60'; 0, diethylamine hydrochloride-methanol, 
50"; V, piperidino hydrochloride-tert-butanol, 60'; and 0, 
pyrrolidino hydrochloride-tert-butanol, 60 '. 


to speculation. The allylic compound (Compound 3, Table I) 
argues against a pure s N 1  reaction due to its velocity decrease in 
alcoholic solution. Allylic compounds, however, are well known to 
undergo altered reaction mechanisms under many circumstances. 
This solvent effect would also be expected in the bimolecular at- 
tack of alcohol on an amine hydrochloride (7). 


The nonprotonated form of the compounds in Table I are un- 
reactive, thus failing to undergo cleavage of the C-N bond which 
typifies this series. This could not be previously tested (1) due to 
the low aqueous solubility of the neutral species (free base) at pH's 
around and above the pKa. In alcoholic solution, this solubility 
problem was no longer existent and stability of the free base was 
observed. The addition of equimolar amounts of hydrochloric acid 
that protonated the amino nitrogen initiated the reaction in the 
usual manner. 


Scheme I illustrates the expected products of the decomposition 
in alcoholic solution. The reaction of diethylaminodibenzocyclo- 
heptene hydrochloride in anhydrous methanol led to the antici- 
pated methyl ether, which was isolated by preparative TLC; the 
structure was verified by mass spectroscopy microanalysis and 
NMR. In aqueous solution, three products were noted with the 
ether dominating (1). In the one case investigated, only.the spot in- 
dicative of the methyl ether of dibenzocycloheptene was observed 
by TLC. No attempts were made to isolate the ethers presumably 
formed from the other alcohols. NMR spectroscopy shows 6 3.3 for 
the OCH3 protons attached to the CH as compared to an expected 
value of d 3.7 if attached to the phenyl ring. This finding corrobo- 
rates a type IV structure (Scheme I). 


As previously stated, the principal product in aqueous media is 
the bisether, which is formed both from the amine hydrochloride 
and from the intermediate alcohol. The ketone appears in traces 
and may be an artifact of oxidation of the alcohol by oxygen in the 
reaction solutions (1). The methyl ether appears as the only prod- 
uct in methanol, either through virtual absence of the alcohol in 
anhydrous methanol or through its low concentrations as an inter- 
mediate that prevent its observation by the methods used. The 
ethers, when formed, have an intrinsic stability in the reaction me- 
dium that prevents their further transformation under the reac- 
tion conditions. 


Table 11-Comparisons of t h e  Observed First-Order Rate 
Constants (in hours - l )  for 5-Diethylaminodibenzocyclo- 
heptane (kane) with Those for the  5-Diethylaminodibenzo- 
cycloheptene Hydrochloride (kene)  in  Several Alcohols at 50' 


Methanol 0.012 1.50 12.5 
Ethanol 0.010 1.27 12.7 
Isobutanol 0.0083 1.54 18.6 
Isopropanol 0,0084 2.04 26.7 
tert-Butanol 0 ,6079 0.68 8 . 5  
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Table 111-Effects of Solvent  Sys t ems  of Acetic Acid, 
Formic Acid, and Acetone on the Decomposition of 
5-Diethylaminodibenzocycloheptene Hydrochloride wi th  
the koba Measured (in hours-’) at  50° 


~ ~~ 


Solventa 


Acetic acid 
Acetic acid + 0 .5  m l  


Acetic acid + 1 . O  m l  
of methanol  


1 . 4 6  
1 . 4 6  


1 . 7 2  
of methanol  


of methanol  
Acetic acid + 5 . O  m l  2 . 2 1  


Formic acid, 99% 3 . 4 8  
Formic acid, 99 % , + 3 . 5 2  


1 ml  of methanol  
Formic acid, 99%, + 3 . 7 0  


5 ml of methanol  
Reagent  acetoneb 0 . 4 1  
Reagent  acetone* + 0 . 9 4  


Reagent  acetoneb + 1 . 4 0  
1 ml  of methanol  


5 m l  of methanol  


a Run in 200-ml volumes with, for example, 5 ml of methanol added 
followed by formic acid addition (196 ml) to fill the volumetric flask. * Re- 
agent acetone utilized from a freshly opened bottle; water content = 0.3%. 


Table I shows alcohols and amines used in the investigation 
along with k at specified temperatures. The following points 
suggest the reaction might proceed through a carbonium ion or its 
equivalent: (a)  the general invariance of k obs with most alcohols 
employed, (b) the slightly lower rate constant value for the hin- 
dered tert -butanol relative to other primary and secondary alco- 
hols, and (c) the k =,,=/k values of greater than one magnitude. 
These facts, along with the comparative ease of tropylium-ion for- 
mation under the proper conditions (8), tend to support-but do 
not verify-a carbonium-ion hypothesis. The data for the allylic 
amine are disconcerting (Table I), because the observed first-order 
constant is smaller in alcoholic solution than in water. 


Table I1 depicts the increase in the observed first-order rate 
constants with diethylaminodibenzocycloheptene hydrochloride 
compared with diethylaminodibenzocycloheptane hydrochloride 
in various alcohols at 50’. This enhancement of velocity constants 
in the unsaturated molecule is in agreement with the results in 
aqueous solution (1). 


values for reaction of the diethylamino- 
dibenzocycloheptene hydrochloride with the carboxylic hydroxyl 
groups of formic and acetic acids. In formic acid solution, a red- 
violet coloration was noted. The colored dibenzotropylium ion 
from the 5-chloro analog in anhydrous solvents was reported pre- 
viously (9). This is circumstantial evidence for the presence of 
these stabilized carbonium ions under these conditions, which may 
be the consequence of a decreased rate of destruction of the ion 
rather than an increased rate of formation. 


The reactivity of acetone (Table 111) may be a consequence of 
reaction with the enolic hydroxyl as well as the water in solution. 


Table 111 shows the k 


CONCLUSIONS 


The reaction of various 5-aminodibenzocycloheptenes with sol- 
vent alcohols was investigated. The kobs  values were found to  be 


almost constant for a given amine in the several aliphatic alcohols 
studied excepting tert -butanol where a decrease in the observed 
first-order rate constant was dgtected. 


The compounds were found to react in solutions of acetone, ace- 
tic acid, and formic acid with the latter producing a colored solu- 
tion during the experiment. This may be indicative of the colored 
dibenzotropylium ion. 


The increase in the velocity constants in alcoholic solution rela- 
tive to water is characteristic of either a mechanism where only a 
separation of charge in the transition state is required or one rep- 
resenting bimolecular attack of neutral alcohol on the amine hy- 
drochloride. 


The unexpected results with the allylic compound where the 
k obs is greater in water than in the alcohols leaves some doubts and 
is the principal anomaly encountered. 


The magnitude of the k,,,/kane lends some credence to the s N 1 -  
type mechanism, as does the general invariance of kobs with alco- 
hol employed for a given amine. Thus, the mechanism-SN1 or 
S ~ 2 - k  still in doubt in this series, and a combination of the two 
cannot be discounted a t  the present time. Further experiments 
are in progress to elucidate the matter. 


Many of these compounds are vesicant or extremely irritating. 
This may be a consequence of their reactivity with hydroxyls and 
other nucleophilic groups, such as SH, present in protein. Their 
relative ease of reaction may lead to alkylation of the protein ma- 
terials, thus bringing about the strong response elicited upon con- 
tact with the skin. 
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Effect of Dilution on Reactivity and 
Structure af Aluminum Hydroxide Gel 


NICHOLAS J. KERKHOF *, JOE L. WHITE *, and STANLEY L. HEM *x 


Abstract 0 Aluminum hydroxide gel loses reactivity upon aging. 
However, a sharp decrease in reactivity occurs when the gel is di- 
luted with double-distilled water. The loss of reactivity is directly 
related to the degree of dilution, but dilution with dioxane or the 
mother liquor has no effect on reactivity. It is hypothesized that 
dilution with water causes a change in the equilibrium between 
stabilizing ions incorporated in the gel structure and ions in solu- 
tion. As the stabilizing ions leave the gel structure to reestablish 
the equilibrium, a loss of reactivity is observed until a new equilib- 
rium is established. 


Keyphrases 0 Aluminum hydroxide gel-effect of dilution on re- 
activity and structure Gels-effect of dilution on reactivity and 
structure of aluminum hydroxide gel Acid reactivity-effects of 
dilution on aluminum hydroxide gel 


Analytical Procedures-The aluminum oxide content was de- 
termined by ethylenediaminetetraacetic acid titration (5). 


The acid reactivity was monitored by a pH-stat technique simi- 
lar to the method described by Steinberg et al. (6). An automated 
technique utilizing a pH meter, a titrator, an autoburet, a titration 
assembly, and a recorder' was used. 


An appropriate volume of water was added to the reaction vessel 
and brought to pH 3.0. A volume of sample containing 38 mg 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 HC1 from the autoburet. The in- 
strument was activated simultaneously with the sample injection. 
The recorder plotted milliliters of 1.0 N HC1 added uersus time. 
The acid reactivity of each sample is expressed as 7'50: the time re- 
quired to add 50% of the total 1.0 N HCl needed to neutralize the 
aluminum hydroxide gel a t  25O. 


Aluminum hydroxide gel is a complex material 
whose structure is not fully understood. Several fac- 
tors involved in the manufacture of aluminum hy- 
droxide gel have been found to affect acid reactivity, 
including precipitation temperature (l), pH (2), 
order of addition of reactants (1, 3), and washing (4). 
Changes in the acid reactivity of aluminum hydrox- 
ide gel were observed to occur following dilution of 
the gel. This report confirms this observation and 
proposes a mechanism by which the reactivity of alu- 
minum hydroxide gel is affected by dilution. 


EXPERIMENTAL 


Materials-All chemicals used were either official or reagent 
grade. Double-distilled water was used. 


Preparat ion of Aluminum Hydroxide Gel-Aluminum hy- 
droxide gel was prepared by the reaction of aluminum chloride, so- 
dium carbonate USP, and sodium bicarbonate USP a t  pH 6.5 (2). 
Aluminum hydroxide gel from two identical precipitations was 
used to study the effect of dilution. The final volume of each gel 
was adjusted to produce one gel containing 4.8% A1203 and a sec- 
ond gel containing 3.6% A1203. 


A third gel was precipitated and, in place of the usual washing 
procedure, the mother liquor was immediately separated by vacu- 
um filtration using a buchner funnel with No. 1 filter paper. The 
solids were maintained as a moist cake while the clear mother li- 
quor was collected. A portion of the mother liquor was used to re- 
constitute the moist cake to prepare a gel containing 3.9% AlzOa. 


Aluminum Hydroxide Gel Dilutions-The aluminum hydrox- 
ide gel containing 4.8% A1203 was used to study the effect of dilut- 
ing the gel with double-distilled water. Three dilutions were pre- 
pared whereby 12.5, 25.0, and 50.0 g of gel were diluted to 100 ml 
with double-distilled water. Therefore, the samples contained 0.6, 
1.2, and 2.4% A1203, respectively. 


The gel containing 3.6% A1203 was used to prepare a series of 
gels to study the effect of dilution with water-dioxane mixtures. 
Fifty grams of gel was diluted to 100 ml with a water-dioxane mix- 
ture containing 0, 25, 50, 75, or 100% dioxane. All diluted gels con- 
tained 1.8% Al203. 


The gel containing 3.9% AlpO:r was used to study the effect of 
dilution with the mother liquor. Fifty grams of the gel was diluted 
to 100 ml using the mother liquor, an equal mixture of mother li- 
quor and double-distilled water, or double-distilled water. The 
samples contained 1.95% A120:3. 


RESULTS AND DISCUSSION 


Aluminum hydroxide gel becomes less reactive upon aging. 
However, as seen in Fig. 1, the increase in 7'50 was greatest during 
the first days after precipitation or dilution with double-distilled 


9 -  


8 -  


7 -  


6' 


C .- 
€ 5  - 
c' 


1 I I I I I I I 


2 4 6 8 10 12 14 
DAYS 


Figure l x h a n g e  in TK, during aging at  25O. Key:  0, un- 
diluted gel containing 4.8% A1203; and gel diluted with double- 
distilled water to contain: A, 2.4% A1203; 0, 1.2% A1203; and +, 0.6% A1203. 


' pH meter PHM 26, titrator TTT 1 1 ,  autoburet ABU 12 (2.5 ml), titra- 
tion assemhly TTA 3. and recorder SBR 2. all from Radiometer. Copenha- 
gen. Denmark. 


940 /Journal  of Pharmaceutical Sciences 







1.0 


CI 


0.75 4 
Y 


r 
0 


0.50 
w 
0. 


v) 
s 


0.25 


1 I 1 
1 2 


ALUMINUM OXIDE. % 


Figure 2-Effect of dilution with double-distilled water on the 
mte of change of acid reactivity. Key:  0, initial period; and 0, 
long-term period. 
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water. An initial sharp decrease in reactivity was observed during 
the first 4-6 days. The initial rate of loss of reactivity was directly 
related to the degree of dilution (Fig. 2). The gel diluted to 0.6% 
A1203 had the greatest increase in T50 during the first several days. 
The undiluted sample of the freshly precipitated gel also lost reac- 
tivity more sharply during the first several days following precipi- 
tation, but the increase in 7'50 during the first 4 days was from 1.8 
to 2.8 min compared to an increase from 2.9 to  7.0 min for the most 
dilute sample. 


A much smaller increase in 7'50 occurred for all dilutions as well 
as the undiluted gel after the initial period. The rate of loss of re- 
activity in this later period also was directly related to dilution 
(Fig. 2). The samples were monitored for 112 days, and the rate of 
loss of reactivity was constant for each gel after the initial period. 
The rate of loss of reactivity in the second period appears t o  repre- 
sent the loss of reactivity normally observed during the aging of 
aluminum hydroxide gel. 


The series of gels containing 1.8% A1203 but  diluted with varying 
ratios of double-distilled water-dioxane produced the same pat- 
tern of increasing 7'50 (Fig. 3) as was observed when the gels were 
diluted with double-distilled water. It appears that  dilution with 
dioxane has no effect on reactivity since the sample diluted with 
100% dioxane had virtually the same reactivity profile as the fresh- 
ly precipitated, undiluted gel (Table I). However, the concentra- 
tion of water in the diluting solution was important. A greater ini- 
tial increase in T50 was observed as the concentration of water in 
the diluting solution was increased: 


0- 


'A- 


/:/-- 


1 3 5 7 


Figure 3-Effect of dilution with varying double-distilled 
water-dioxane mixtures. Key:  0, 100% dioxane; 0, 25% 
water-75% dioxane; 0, 50% wate1-50% dioxane; A, 75% 
wat~r-25% dioxane; and 0, 100% water. 
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Table I-Acid Reac t iv i ty  of Ge l  D i lu t ed  wi th  
Dioxane Compared to  Undiluted Ge l  


Undiluted Gel Gel Diluted wi th  
Containing 3.6% Dioxane to 1.8% 


Days A1203 A1203 


0.25 
1 
2 
7 


14 
2 8  
56 


112 


2 . 0  
2 . 5  
3 . 3  
3 . 4  
4 . 5  
4 .7  - .  . 


5.2 
8.1 


2 . 0  
2 . 5  
3 . 0  
3 . 3  
3.9 
4 . 6  
5 . 4  
8.9  


The rate of change in Tso during the initial period was directly 
related to the concentration of water in the water-dioxane diluting 
mixtures (Fig. 4). A much smaller rate of change of acid reactivity 
occurred after the initial period. The later increase in T50 also was 
directly related to the concentration of water in the water-dioxane 
diluting mixtures (Fig. 5). 


The pattern of a sharp decrease in reactivity followed by a slow 
rate of loss of reactivity following preeipitation or dilution of alu- 
minum hydroxide gel with water suggests the establishment of an 
equilibrium condition. Several reports (2, 7-9) indicated that ions 
present in the precipitation solution may be incorporated in the 
gel structure. These ions act to stabilize the aluminum hydroxide 
gel structure. 


I t  was hypothesized that dilution with water alters the equilibri- 
um between ions in the gel structure and in solution. When equi- 
librium is reestablished, the concentration of stabilizing ions in the 
gel structure is reduced. The reactivity of the gel reflects this 
change in concentration of stabilizing ions and a sharp decrease in 
reactivity occurs until a new structure is established. The new 
structure then changes a t  a rate related to the concentration of 
ions present in the gel structure and a constant, long-term loss of 
acid reactivity is observed. 


A final series of dilutions was prepared to test this hypothesis. 
Fifty grams of the gel containing 3.9% A1203 was diluted to 100 ml 
with the mother liquor, an equal mixture of mother liquor and 
water, or double-distilled water. All sample dilutions contained 
1.95% A1203. Figure 6 indicates that dilution with the mother li- 
quor did not affect reactivity since the increase in Tso was virtual- 
ly identical for the freshly prepared undiluted gel and for the sam- 
ple diluted with mother liquor. The sample diluted with water had 
a sharp initial increase in 7'50. The water-mother liquor dilution 
was intermediate in effect. 


The unwashed gel was more reactive than either of the gels used 
for the water dilution or dioxane dilution experiments. The wash- 
ing operation probably causes the loss of stabilizing ions from the 
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Figure 4-Effect of dilution with varying double-distilled 
water-dioxane mixtures on the initial rate of loss of acid reac- 
tivity. 
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Figure 5-Effect of dilution with varying double-distilled 
water-dioxane mixtures on  the long-term rate of loss of acid re- 
activity. 


gel and results in a less acid reactive gel. Further experiments are 
in progress to determine the effect of washing on acid reactivity. 


These results support the previous hypothesis, because the equi- 
librium between ions in the gel structure and ions in solution 
would not be affected by dilution with the mother liquor or diox- 
ane. Dilution with water always caused a sharp loss of reactivity. 
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Figure 6-Effect of dilution with mother liquor. K e y :  0, un- 
diluted gel containing 3.9% A1203; and gel diluted to 1.95% 
A1203 with: A, mother liquor; 0, 50% mother liquor-50% 
double-distilled water; and 0, double-distilled water. 


The change in reactivity was directly related to the amount of‘ 
water added to the gel. The important stabilizing function of ions 
incorporated in the gel structure is illustrated by this study. 


The composition of the solution used to dilute the gel has an im- 
portant effect on the long-term acid reactivity of the aluminum 
hydroxide gel. A carefully designed diluting solution will minimize 
the loss of acid reactivity normally observed with aluminum hy- 
droxide gels, resulting in increased efficacy and longer shelflife. 


The composition of the solution and the technique used to wash 
the gel may likewise affect the acid reactivity of the gel. 


This study emphasizes the complex structure of aluminum hy- 
droxide gel. The preparation of aluminum hydroxide gel requires a 
carefully controlled manufacturing procedure to produce a highly 
reactive gel of uniform quality. 


REFERENCES 


(1 )  J. A. Lewis and C. A. Taylor, J. Appl. Chem., 8,223(1958). 
(2) S. L. Hem, E. J. Russo, S. M. Bahal, and R. S. Levi, J .  


(3) D. Papee, R. Tertian, and R. Biais, Bull. Soc. Chim. Fr., 


(4) R. H. Green and S. L. Hem, J. Pharm. Sci., 63,635(1974). 
( 5 )  “The United States Pharmacopeia,” 18th rev., Mack Pub- 


lishing Co., Easton, Pa., 1970, p. 26. 
(6) W. H. Steinberg, H. H. Hutchins, P. G. Pick, and J. S. Lazar, 


J .  Pharm. Sci., 54,625(1965). 
(7) R. J. Barnhisel and C. I. Rich, Soil Sci. Soc. Amer. Proc., 29, 


531 ( 1965). 
(8) P. H. Hsu, International Committee for the Study of Baux- 


ites and Aluminum Oxides-Hydroxides, 3 Congrbs, Nice, 1973, p. 
613. 


(9) G. J. Ross and R. C. Turner, Soil Sci. SOC. Arner. Proc., 35, 
389( 1971 ). 


Pharm. Sci., 59,317(1970). 


1958,1301. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received July 24,1974, from the *Department of  Industrial and 
Physical Pharmacy and the %Department of Agronomy, Purdue 
University, West Lafayette, IN 47907 


Accepted for publication November 11, 1974. 
Supported in part by a David Ross Fellowship (to N. J. Ker- 


This article constitutes Journal Paper No. 5634, Purdue Univer- 
khof). 


sity Agricultural Experiment Station, West Lafayette, IN 47907 
T o  whom inquiries should be directed. 


942 I Journal of Pharmaceutical Sciences 








BOOKS 


REVIEWS 


Strategy of D r u g  Design: A Molecular Guide to Biological 
Activity. By W. P. PURCELL, G.  E. BASS, and J. M. CLAY- 
TON. Wiley-Interscience, Wiley, New York, N.Y., 1973. 193 pp. 
14.5 X 22.5 cm. Price $9.95. 
Comprehensively yet concisely written in a step-by-step man- 


ner, this is a very useful book to introduce students, medicinal 
chemists, and drug designers to the structure-activity relationship 
study from a mathematical approach. The book consists of six 
chapters and four appendixes, with an author index and a subject 
index. 


The introductory chapter presents a historical background of 
the development of various mathematical models. This is followed 
by three chapters on linear free energy related (extrathermody- 
namic) models, wherein the Hammett equation, Hansch calcula- 
tions, Free-Wilson model, among others, are illustrated to corre- 
late physicochemical properties (hydrophobic, steric, electronic, 
e t c . )  of a given molecule with its biological activity. Two following 
chapters on de nouo model present a statistical approach for tabu- 
lating and ranking substituent group contributions to biological 
activity. 


While correlations between calculated and observed biological 
activities in a closely related series of compounds are sometimes 
successful, the mathematical approach has presently found its use- 
fulness mainly in correlating in uitro biological activities (enzyme 
inhibitory action, for example) and, in a limited extent, predicting 
semiquantitative and largely qualitative structure-activity rela- 
tionships. The reason, as the authors wisely point out, is: “. . . that  
this approach does not represent a panacea to drug design and that 
biological systems are not ready to lie quietly while we dissect and 
probe with neat, mathematical models and laws of physics.” 


Although a molecule may exert its activity as such in uitro, i t  
often undergoes various metabolic changes such as hydrolysis, hy- 
droxylation, cyclization, esterification, reduction, oxidation, and/ 
or ring cleavage, to name just a few. Furthermore, there are factors 
which can influence metabolism of a given compound or drug, e.g., 
animal species, strain, age, sex, size of dose, route of administra- 
tion, presence of other foreign compounds, temperature, time of 
day, and diet, which are rather difficult to consider and gather in a 
few equations. The authors very aptly review the efforts made to 
bring some order to a complex sequence of events by illustrating 
the nine hydrophobic, eight steric, 54 electronic, and eight miscel- 
laneous parameters for the use in the linear free energy related 
model. However, for in uiuo studies, these factors or parameters 
may not be additive. 


Although the development of a few equations with some inter- 
esting correlations of experimental results is a far cry from “Drug 
Design,” the mathematical approach is nevertheless a meaningful 
one which can be used and continuously developed for the study of 
structure-activity relationships. In this regard, the authors as well 
as other workers in this field are to be congratulated and encour- 
aged for being involved in this undertaking. 


Reviewed by C .  C. Cheng 
Midwest Research Institute 
Kansas City,  MO 641 10 


T h e  Chemistry and Biochemistry of the Sulfhydryl Groups in 
Amino Acids, Peptides and Proteins. By MENDEL FRIED- 
MAN. Pergamon Press, Elmsford, NY 10523,1973. vii + 485 pp. 
18 X 26 cm. Price $22.50. 
The main focus of the book is the sulfhydryl group (SH). The 


scientific literature is extensively reported and critical comment is 
offered. Division of the book is into 16 chapters, each devoted to a 
particular topic. 


The first chapter deals with the pKa and K, of the SH group in 
the aminothiol with greatest emphasis on methods used in their 


determination. A critical evaluation of the methods is offered. 
Chapters 2-9 cover a wide variety of reactions of SH groups. 


Reactions of SH and other groups with transition metals are dis- 
cussed in the second chapter. The affinity of SH for transition 
metals is related to the involvement of SH groups and metals in 
active sites of enzymes and in chelates. 


In the next chapter the role of the SH group in protein structure 
is presented. Major emphasis is placed on the return of protein de- 
natured by reduction of the disulfide bonds to the original struc- 
ture by oxidation. 


Reactions through which SH groups can be eliminated from pro- 
tein and the products of the reactions are considered in Chapter 5. 
The importance of these reactions to food, wool, leather, and other 
technologies is illustrated. 


Chapters 6-8 cover reactions through which SH groups may be 
modified. Chapter 6 deals with organic halides and epoxides. 
Chapter 7 emphasizes transfer of groups from S to N and S to S. 
Chapter 8 deals with the mechanisms through which simple thiols 
can be used to break disulfide bonds in protein. Practical applica- 
tion of the latter reactions are considered, for example, in relation 
to SH content of flour and bread quality. 


Procedures for introducing thiol groups into proteins are dis- 
cussed in Chapter 9. The primary areas of concern are synthesis of 
new cysteines, procedures used in thiolation, and methods used to 
protect S H  groups during peptide synthesis. 


The use of thiols as radioprotectives with various proposed 
mechanisms and conflicts is the focus of the next chapter. Consid- 
eration is given to factors such as the influence of pH and oxygen. 


A number of methods for analysis for SH and S-S content of 
protein are included in Chapter 11. 


Chapter 12 reports on the different reactivities of SH groups in 
proteins and the relation of enzyme activity and protein structure. 


The involvement of SH groups in active sites of enzymes is con- 
sidered next (Chapter 13). Major emphasis is on methods used to 
determine reaction mechanisms of S H  enzymes. 


Chapter 14 outlines several of the known biosynthesis routes for 
thiols. Involvement of SH in other aspects of metabolism is also 
discussed. Sulfhydryl groups are involved in certain cases in detox- 
ification reactions. Mechanisms of reaction are considered. 


The final chapter of the book is turned to the practical applica- 
tion of S H  chemistry to disease and drug action. 


The wide variety of topics covered in the book would make it of 
interest to any serious student of S H  chemistry or biochemistry. 
Although discussion of the literature is often only fragmentary, 
entry into the literature is provided by extensive references. The 
critical evaluation of the literature provides insight into problems 
present in SH research and also points out conflicts which could 
lead to needed research. 


Reuiewed by William M. Hadley 
College of Pharmacy 
Uniuersity of New Mexico 
Albuquerque, N M  87131 


Front iers  in Catecholamine Research. Proceedings of the Third 
International Catecholamine Symposium Held a t  the University 
of Strasbourg, Strasbourg, France, May 20-25, 1973. Edited by 
E. USDIN and S. H. SNYDER, Pergamon Press, Elmsford, NY 
10523, 1973. 1219 pp. 17.5 X 26 cm. Price $50.00. 
This challenging title holds in 1219 pages eight broad topics 


with 210 papers which were presented at the Third International 
Catecholamine Symposium in May 1973. “The Impact of Mono- 
amine Research on Drug Development” deals with mechanisms of 
drug action, e.g., drugs affecting biosynthesis, the amine pump, in- 
traneuronal storage, norepinephrine release, structure of the nerve 
terminal, receptors, and amine catabolism. 
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Reduction of Blue Tetrazolium by Corticosteroids 


R. E. GRAHAM *X, E. R. BIEHL *, C. T. KENNER $, 
G. H. LUTTRELLG, and D. L. MIDDLETON 


Abstract Pseudo-first-order rate constants were observed for 
the reaction of corticosteroid or corticosteroid esters with blue tet- 
razolium. The data indicate that the reactivity of corticosteroids in, 
in part, a function of their geometry in that corticosteroid reactivi- 
ty toward blue tetrazolium increases with increasing planarity of 
the steroid molecule and that corticosteroid esters must be hydro- 
lyzed as a necessary prerequisite to reaction with blue tetrazolium. 
Evidence is presented indicating that free radicals are not involved 
in the blue tetrazolium reaction with corticosteroids. Certain phar- 
maceutically important compounds such as pyrocatechol deriva- 
tives and hydroquinone appear to reduce blue tetrazolium by the 
anion free radical mechanism proposed previously. A spectropho- 
tometric method for determining the number of reduction units 
transferred to blue tetrazolium per molecule is described. 


Keyphrases 0 Blue tetrazolium-reduction by corticosteroids, 
pseudo-fist-order rate constants, mechanism discussed 0 Cort- 
icosteroids-reduction of blue tetrazolium, pseudo-first-order rate 
constants, mechanism discussed Steroids-reaction of cortico- 
steroid and corticosteroid esters with blue tetrazolium, mechanism 


The blue tetrazolium reaction (1) is widely used for 
the analysis of corticosteroids and is, with slight 
modification, the official procedure [USP XVIII (2) 
and NF XIII(3)l. In very basic alcoholic solution, the 
C 1 7  side chain of the corticosteroid is oxidized and 
blue tetrazolium (I) is reduced to a colored formazan 
whose concentration is measured spectrophotometri- 
cally. Extensive investigations (4-16) of the reaction 
conditions established that the analytical procedure 
is subject to many variables, which are minimized by 
analyzing blank, standard, and sample solutions con- 
currently. 


Kinetic and mechanistic studies, although not ex- 
tensively investigated, revealed certain important as- 
pects of the blue tetrazolium reaction. For example, 
the rate of the reaction of cortisone and hydrocorti- 
sone with I was found to be first order in the cortico- 
steroid (17). Of these two corticosteroids, cortisone 
was observed to be the more reactive toward I. 


In that study, it was also established that ester hy- 
drolysis of cortisone acetate was a prerequisite to 
reaction with I. Significant variations in the reaction 
rates of corticosteroids of closely related structures 
with I have been noted (6,13-15,18). 


Meyer and Lindberg (18) established that the a- 
ketol moiety in corticosteroids and other a-ketol-con- 
taining compounds is responsible for the reduction of 
I and that the electron-donating ability of substitu- 
ent groups may be correlated with the rate of forma- 
zan development. 


Sinsheimer and Salim (19) showed that some 
nonketol compounds such as polyhydric phenols, qui- 
nones, and certain active hydrogen compounds are 
sufficiently reactive to permit quantitative analysis 
uia formazan formation. They proposed a free radical 


mechanism based on simil r stri ctural r activity in 
the blue tetrazolium reaction to the reaction of the 
same compounds toward oxygen. 


This paper shows that the reduction of blue tetra- 
zolium by corticosteroids and several other com- 
pounds occurs as a unit function. The difference in 
reaction rates of several corticosteroids is related to 
their differences in structure. The results are consis- 
tent for the 25 steroids studied. 


EXPERIMENTAL 


Apparatus-The following were used: a UV-visible ratio re- 
cording spectrophotometerl with I-cm quartz cells, an electroba- 
lance2, a computer3, an electron-spin resonance instrument4, and a 
TLC apparatus5. 


Reagents-Alcohol USP, absolute methanol, acetic acid, and 
50% hydrogen peroxide were all analyzed reagent grade. The 1% 
tetramethylammonium hydroxide (11) was prepared by diluting 
5.00 ml of 10% aqueous6 I1 to 50.0 ml with alcohol USP (95% etha- 
nol). Solutions of iodine, 0.010 mg/ml in alcohol USP, and blue tet- 
razolium7, 5.0 mg/ml in absolute methanol, were prepared. Corti- 
costeroid standard solutions contained 0.010 mg/ml in alcohol 
USP unless otherwise indicated. 


General Procedure-The procedure followed, unless otherwise 
specified, is the official procedure given in USP XVIII (2), in 
which a 20.00-ml volume of standard or sample corticosteroid in 
alcohol USP is treated with 2.00 ml of I reagent (5 mg/ml), fol- 
lowed by 2.00 ml of 1% 11. The absorbance is measured against a 
reagent blank 90 min after the addition of 11. 


Corticosteroid Decomposition by 11-Duplicate 20.0-ml ali- 
quots of betamethasone, betamethasone 17-benzoate, betametha- 
sone 21-benzoate, and dichlorisone acetate were pipetted into 
glass-stoppered flasks, and 2.00 ml of 1% I1 was added to one set. 
Both sets were then stoppered and placed in the dark for 24 hr. 
Two milliliters of I (5 mg/ml) were added to the set to which I1 had 
been added, and the solution was scanned for 90 min after the ad- 
dition of I. The general procedure was followed in the other set. 


Effect of Water on Blue Tetrazolium Reagent-.Five-millili- 
ter aliquots of I were diluted 1:l with water or with alcohol USP 
and allowed to stand for 16 hr. A blank and triplicate aliquota of 
hydrocortisone were run in accordance with the general procedure 
except that the diluted I was used. 


Oxygen Effect-Six 20.0-ml aliquok of alcohol USP were pi- 
petted into 25-ml glass-stoppered flasks. Oxygen was bubbled 
through two aliquots and simultaneously through glass-stoppered 
cylinders containing I and I1 for 20 min. This procedure was re- 
peated for two other aliquots using nitrogen instead of oxygen. 
The remaining two air-saturated aliquots were used as controls. 


All six aliquots were run by the general procedure, except that 
the saturated samples of I and I1 were used with the respective sat- 
urated aliquots and all samples were scanned against alcohol USP 
instead of a reagent blank. 


Electron-Spin Resonance Study-Cortisone (0.100 mg/ml in 
alcohol USP) was treated by the general procedure. Immediately 
after the addition of 1% 11, the sample was scanned in an electron- 
spin resonance spectrometer. After the scan, the solution was 


Cary model 15. 
Cahn model G-2. 
Digital Equipment Corp. PDP/& and IBM 360 model 25. 
Varian model 4502-13. 
Eastman 6060 silica gel with fluorescent indicator. 
Eastman Organic Chemicals. 
Dajac Laboratories. 
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Table I-Decomposition of Selected Corticosteroids by  Tetramethylammonium Hydroxide 


Absorbance 


Corticosteroid 
Amount, Decomposed Decom- 


Sourcea m g  Steroid * Control position<, % 


Betamethasone 1 0.202 0.195 0.479 59 
Betamethasone 17- 2 0.241 0,193 0.422 54 


Betamethasone 21- 2 0.243 0.187 0.414 55 


Dichlorisone 3 0.203 0.078 0.453 83 


benzoate 


benzoate 


acetate 


a 1 = NF Reference Standard; 2 = Warner Lambert Co., Morris Plains, N.J.; 3 = Division of Pharmaceutical Sciences, Food and Drug Administration, 
Washington, D.C. *Steroid plus 1% I1 was mixed for 24 hr before quantitation. Calculated as: 


x loo - absorbance of decomposed s s d  
absorbance of control 


swept with nitrogen gas for 20 min and rescanned for 40 min from 
the time of addition of 1% 11. Cortisone (1.00 mg/ml in alcohol 
USP) was treated similarly, except that the second scan occurred 
90 min after the addition of 1% 11. Scans were also made of alcohol 
USP, alcohol USP plus I, and alcohol USP plus I and 1% 11. 


Rate Studies-A 20.0-ml aliquot of a standard and a 20.0-ml 
blank of alcohol were treated by the general procedure, with zero 
time taken as the time of the addition of 1% I1 to the standard so- 
lution. Both solutions were transferred to cells as rapidly as possi- 
ble and placed in the spectrophotometer, and readings were made 
each minute a t  525 nm until the reaction reached essential comple- 
tion. 


The procedure was repeated for a total of 25 different corticoste- 
roids. Rate constants were calculated by a computer program. This 
procedure was repeated for several noncorticosteroid steroids and 
other selected pharmaceutical compounds. 


Hydrolysis of Betamethasone 17-Benzoate-Duplicate 20.0- 
ml aliquots of the betamethasone ahd betamethasone 17-benzoate 
standards were treated with 2.00 ml of 1% I1 and allowed to stand 
for 75 and 135 min, respectively; the reaction was terminated by 
the addition of 1.00 ml of acetic acid. The solutions were washed 
into a separator with 75 ml of water and extracted five times with 
20.0-ml portions of chloroform. 


Each extract was washed through a second separator containing 
15 ml of water and filtered through chloroform-washed cotton, and 


the combined extract was taken to dryness carefully under air on 
the steam bath. The residues were dissolved in 0.2 ml of methanol, 
and 1 pl was spotted with standards at  the same concentrations on 
a TLC plate and developed with chloroform-methanol (36:l). 


Effect of Free Radical Reaction Inhibitor-One set of 10.0- 
ml aliquots of hydrocortisone (0.020 mg/ml in alcohol USP), fluox- 
ymesterone (0.020 mg/ml in alcohol USP), hydroquinone (0.010 
mg/ml in alcohol USP), and isoproterenol sulfate (0.00s mg/ml in 
alcohol USP) was mixed with 10.0 rnl of iodine reagent, and anoth- 
er set was mixed with 10.0 ml of alcohol USP. Both sets were run 
versus a blank by the procedure discussed under Rate Studies. 


RESULTS AND DISCUSSION 


Experiments designed to determine the extent of reactions be- 
tween corticosteroids and/or formazan with the ingredients of the 
reaction medium were carried out with typical compounds before 
rate studies were attempted. 


Table I shows the results of the study of the interaction of a typ- 
ical corticosteroid and corticosteroid esters with 11. Since both the 
corticosteroid and its  esters were partially decomposed after 24 hr 
of contact with 11, the reaction of I1 evidently occurs also at  the C17 
side chain and competes with I during the usual 90-min reaction 
time. For the longer periods needed in some of the rate studies, in- 
creased base degradation and less formazan formation are expect- 


Table 11-Rate Constants and Absorbance per Micromole for Selected Corticosteroids 


Tt, Relative Time t o  Maximum Absorbance 
Source. min A ’ .  k d  Ratee A,,,, min Absorbance per Micromole 


Betamethasone 11 71 0.300 0.024 3.2 370 0.460 0.894 
Flurandrenolide 4 40 0.454 0.056 7.4 90 0,597 1.161 


Hydrocortisone 5 34 0.545 0.090 12 60 0.596 1.076 
Prednisolone 5 34 0.548 0.092 12 130 0.610 1.092 
Triamcinolone 5 38 0.999 0.093 12 90 1.112 2.193 
11-Desoxycortisone 7 36 0.548 0.094 12 90 0. S72 0.990 
Methylprednisolone 11 28 0.502 0.096 13 70 0.549 1.007 
5-Pregnen-3p,21-diol-2O-one 7 33 0.479 0.096 13 90 0.516 0.857 
Corticosterone 7 32 0.531 0.098 13 90 0,579 1.010 
Dexamethasone 1, 34 0.519 0.098 13 50 0,544 1.069 
11-Desoxycorticosterone 7 31 0.575 0.109 14 90 0.616 1.011 
Fluprednisolone 1, 25 0.497 0.121 16 61 0.547 1.034 
Cortisone 8 16 0.557 0.243 32 90 0.583 1.045 
Dihydrocortisone 7 18 0.560 0.257 34 60 0.566 1.017 
Prednisone 5 13 0.556 0.305 40 31 0.568 1.012 
Betamethasone 17-benzoate 21 90 0.130 0.0076 1 394 0.441 0.913 
Betamethasone 21-benzoate 21 90 0.133 0.017 2.2 470 0.438 0.878 
Hydrocortisone acetate 5 36 0.479 0.081 11 60 0.520 1.046 
Prednisolone acetate 5 33 0.473 0.086 11 90 0.517 1.030 
11-Desoxycorticosterone 5 33 0.499 0.090 12 60 0.563 1.048 


Dichlorisone acetate 31 29 0.451 0.102 13 90 0.477 1.070 


Cortisone acetate 5 18 0.501 0.230 30 90 0.528 1.056 
Prednisone acetate 7 15 0.490 0.307 40 90 0.497 0.998 


19-Norhydrocortisone 6 40 0.515 0.072 9.5 90 0.597 1.012 


acetate 


Dihydrocortisone acetate 7 20 0.490 0.200 26 40 0.503 1.009 


4 = Eli Lilly and Co., Indianapolis, Ind.; 5 = USP Reference Standard; 6 = Syntex Research, Palo Alto, Calif.; 7 = Schwarz/Mann, Orangeburg, N.Y.; 
A‘ is optimum absorbance 8 = K and K Laboratories, Inc., Plainview, N.Y. * T i  is time in minutes of observation for calculation of rate constant. 


for calculation of rate constant. k is rate constant. Compared to betamethasone 17-bensoate, which has the slowest rate. I See Table I for source. 
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Figure 1-Reaction rates of typical corticosteroids. 
Key: @, betumethone; +, 11-desoxycorticosterone 
acetate; 0,ll-desoxycorticosterone; and 0, prednisone. 


ed. As an example, the time necessary to attain a maximum ab- 
sorbance of 0.460 for betamethasone is 370 min, whereas an equi- 
molar amount of flurandrenolide reaches a maximum absorbance 
of 0.597 in 90 min. 


Triplicate aliquots of hydrocortisone run by the general proce- 
dure, using a 1:l dilution of the solution of I prepared for the study 
with water, gave absorbances of 0.561, 0.561, and 0.562. while the 
control group with a 1:l dilution of the same solution of I with al- 
cohol USP gave absorbances of 0.577,0.577, and 0.576. The results 
indicate that water does not cause decomposition of I; the 3% de- 
crease in sensitivity probably is due to the apparent pH effect of 
water (16). 


The results of the study of the effect of oxygen on the blue tetra- 
zolium blank showed that the average net absorbance of duplicates 
run uersus alcohol USP as the blank was 0.070 for the air-saturat- 
ed control, 0.078 for the oxygen-saturated solutions, and 0.084 for 
the nitrogen-saturated solutions. Under the conditions studied, 
oxygen apparently does not contribute to the blank in the blue tet- 
razolium reaction. 


In addition, the blue tetrazolium-corticosteroid reaction was 
monitored by electron-spin resonance. The electron-spin spectrum 
showed the presence of an unpaired electron, which was a function 
of the concentration of the cortisone used and which did not 
change during the 90 min required for the reaction of cortisone 


with I to go to completion. This indicates that the unpaired elec- 
tron was not involved in the production of formazan. 


The results of the rate study of the blue tetrazolium reaction 
with corticosteroids are shown in Table 11. Pseudo-first-order rate 
constants were observed for all 25 corticosteroids. The rate con- 
stants were obtained by performing a least-squares regression on 
the following equation: 


where A; is the absorbance a t  any time (Ti), A' is the optimum ab- 
sorbance, k is the rate constant, and E is the intercept. The inter- 
cept for a first-order equation should be zero, but the intercept of 
the regression line is shifted due to the time lag caused by the ad- 
dition of the last reagent. The index of determination (R2) for the 
regressions was greater than 0.99 in most cases. 


for 
betamethasone 17-benzoate to 3.07 X lo-' for prednisone acetate, 
which indicates that prednisone acetate reacts 40 times faster than 
betamethasone 17-benzoate. 


The reaction of I with 0.55 pmole of hydrocortisone in the pres- 
ence of 0.41 pmole of iodine showed an absorbance of 0.412 after 22 


The rate constants listed in Table I1 range from 7.6 X 


Table 111-Reduction Units Furnished b y  Noncorticosteroid Pharmaceuticals 


Absorbance Number of 
Sample, Reaction Maximum P e r  Reduction 


Compound Source" @moles Time Absorbance Micromole Units* 


Hydroquinone 9 0.1101 5 hr 1.107 1.179 1 .14  
Epinephrine bitartrate 8r 0.2934 10 min 0.931 3.173 3 .08  


Isoproterenol hydrochloride 5 r  0.2077 40 rnin 0.784 3.774 3 .66  
Isoproterenol sulfate 3 c  0.0692 30 min 0.281 4.061 3 .94  


9 = Fisher Scientiic Co., Fairlawn, N.J. * Calculated as 1.031 absorbance units equals 1 reduction unit. See previous tables for source. 
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Table IV-Molar Absorptivity of Selected Compounds 


Number of 
Concentration, Molecular Molar Reduction 


Compound Source. Absorbance g/liter Weight Absorptivity* Units 


Hydrocortisone 5 0.596 0.01004 362.47 21,500 1 
Hydroquinone 9 1.070 0.004995 110.11 23,600 1 
Triamcinolone 5 1 .112  0.0100 394.45 43,900 2 
Epinephrine bitartrate 8 0 .931  0.004890 333.29 63,500 3 
Isoproterenol hydrochloride 5 0.784 0.002573 247.70 75,600 4 
Isoproterenol sulfate 3 0.281 0.001008 291.31 81,200 4 


“ See previous tables for source. ’ Maximum error is 1.75% as determined by National Bureau of Standard Calibration. 


min, while the absorbance of a duplicate without iodine was 0.408 
for the same time. Evidently, the reaction rate of hydrocortisone 
with I is not inhibited by iodine, even though iodine is a radical 
scavenger which inhibits radical reactions. This failure to inhibit 
suggests that the oxidation of corticosteroids by I does not proceed 
by a free radical mechanism. 


The reactivity of the corticosteroids toward I appears to be, a t  
least in part, a function of their molecular shape. Steroids with c16 
substitution in either the a or 0 position react the slowest, steroids 
that possess a planar A ring and have sp3 CII substitution show in- 
termediate reactivity, and steroids possessing a C11 carbonyl react 
the fastest with I. Thus the more planar the steroid molecule, the 
faster is the reaction with I. 


This trend, coupled with the electron-spin resonance experi- 
ment, is evidence that a bimolecular reaction between I and the 
corticosteroid occurs in which a reduction unit from the ketol 
group is transferred from the steroid to I to form the formazan. In 
addition, the approach of the blue tetrazolium molecule occurs 
presumably at  the j3 face of the steroid since greatest rate retarda- 
tions are observed for steroids having @ substitution near the ketol 
group (e.g., c16). 


The rates of reaction of several corticmteroid esters with I were 
also studied (Table 11). Graphical representation of typical kinetic 
data (Fig. 1) indicates that ester hydrolysis occurs prior to and 
during the early stages of formazan development, thus substantiat- 
ing Guttmqn’s (17) similar observations in the case of cortisone ac- 
etate. In addition, TLC analysis of a partially completed (25%) 
reaction mixture of betamethasone 17-benzoate and I revealed 
that the ester had been completely converted to betamethasone 
and its base decomposition products. 


The order of reactivity of the esters listed in Table I1 parallels 
that of the corresponding corticosteroids toward I. Overall reaction 
rate constants are listed in Table 11. The deviation between the 
rate constant for corticosteroids and their corresponding esters 
other than betamethasone reflects the generally small contribution 
of the hydrolysis rate to the overall reaction rate constant, k. 


Calculation of the absorbance per micromole of most of the cor- 
ticosteroids listed in Table I1 yields an average value of 1.031 f 
0.056, which corresponds to the transfer of one reduction unit. The 
three betamethasones were not included in the average since the 
long period required for their reactions with I resulted in low ab- 
sorbance values due to extensive basic decomposition of the ste- 
roid. 


The absorbance per micromole value (2.193) for triamcinolone 
suggests that two reduction units are transferred per molecule of 
triamcinolone. Transfer of the second reduction unit probably 
arises from the formation of a second a-ketol group during the 
base degradation of the initially formed glyoxal derivative (20,21), 
which contains both c1.5 hydroxyl and C17 carbonyl groups. 


Several pharmaceutically important compounds known to re- 
duce I (22) were tested (Table 111). These results indicate that hy- 
droquinone, epinephrine, and isoproterenol sulfate reduce 1,3, and 
4 equivalents of I, respectively. The high reduction value for hy- 
droquinone (1.14 units) may be due to oxidative cleavage of the 
quinone ring after the reduction is complete, as suggested by Sin- 
sheimer and Salim (19). 


The reaction with epinephrine bitartrate was complete in 10 min 
and thus was not subject to basic degradation by I1 under the con- 
ditions of the general procedure. Also, an aliquot of alcoholic epi- 
nephrine bitartrate produced no adrenochrome when treated with 
I1 for 24 hr, but addition of I to this solution after 24 hr produced a 
formazan with typical spectrum. This finding suggests that the ab- 


sorbance value of 1.058/reduction unit is close to the true value. 
The reaction of I with hydroquinone and with isoproterenol sulfate 
was greatly inhibited by the presence of iodine, which indicates 
that the anion intermediate radical mechanism proposed (19) 
takes place in these systems. 


The results of the study of the effect of 0.41 pmole of iodine on 
the reduction of I by 0.59 pmole of fluoxymesterone by the general 
procedure showed no inhibition of the rate of reaction during the 
first 30 min or after 20 hr when compared with an equimolar solu- 
tion of fluoxymesterone containing no iodine. Androst-4-ene-3,17- 
dione-type steroids have been shown (18) to reduce I. In that 
study, androst-4-ene-3,17-dione was observed to be oxidized by I 
to a c6 carbonyl derivative via the corresponding CS alcohol inter- 
mediate. 


Table IV shows molar absorptivity values calculated by the 
method given in USP XVIII (2, p. 825). It appears that there is a 
linear relationship between the molar absorptivity and the number 
of reduction units involved in the reaction, with the molar absorp- 
tivity being approximately 20,000 for each unit. 


The nature of the formazan produced in these reactions and the 
effect of solvent on the rate of reaction of I with various steroids 
and pharmaceutically important compounds are currently being 
investigated. 
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Reactions of 2,2 -Dimet hy laziridine - Type A1 kylating 
Agents in Biological Systems 11: 
Comparative Pharmacokinetics in Dogs 


DAVID LALKA’, W. J. JUSKO, and T. J. BARDOS 


Abstract Pharmacokinetic studies in dogs were performed with 
a series of three 2,2-dimethylaziridine antineoplastic agents. These 
alkylating agents were relatively unstable in all aqueous media, 
with half-lives of 9-15 min in whole canine blood. This finding in- 
dicates that the aziridine compounds are capable of undergoing 
destruction in all biological tissues. A pharmacokinetic analysis of 
the plasma concentration uersus time data was performed using a 
two-compartment open model, which includes drug elimination 
from both compartments. The three aziridine compounds showed 
similar pharmacokinetic behavior with respect to their loss from 
plasma, but they exhibited differences in their in uiuo release of a 
potent alkylating intermediate (2,2-dimethylaziridine) and a sec- 
ond product, which was a strong inhibitor of pseudocholinesterase. 


Keyphrases 2,2-Dimethylaziridines-reactions in biological 
systems, comparative pharmacokinetics in dogs 0 Aziridines- 
2,2-dimethylaziridine-type alkylating agents, reactions in biologi- 
cal systems, comparative pharmacokinetics in dogs 0 Antineoplas- 
tic agents-reactions of 2,2-dimethylaziridine-type alkylating 
agents in biological systems, comparative pharmacokinetics in 
dogs 0 Pharmacokinetics-2,2-dimethylaziridine-type alkylating 
agents in biological systems, dogs 
~~ 


The 2,2-dimethylaziridine-type alkylating agents 
ethyl bis(2,2-dimethylaziridinyl)phosphinate (I), 
bis(2,2 - dimethylaziridiny1)phosphinylurethan (II), 
and tris(2,2-dimethyl-l-aziridinyl)phosphine oxide 
(111) have been shown to possess significant antitu- 
mor activity in a number of animal systems (1-3) and 
in humans (4-6). One characteristic chemical proper- 
ty is their unusually rapid hydrolysis with concomi- 
tant loss of their alkylating activity (7). 


Since the effectiveness of an alkylating agent is 
probably a function of its reactivity toward various 
nucleophilic targets and of its local concentration and 
contact time with these targets, the in uiuo activity of 
these particularly unstable alkylating agents is an in- 
teresting phenomenon and suggested that a study be 
made of the pharmacokinetic behavior of these drugs. 
The plasma concentration-time curves for such 
agents represent useful data for the scientific appli- 
cation of these drugs to the treatment of neoplastic 
diseases. Furthermore, a pharmacokinetic study of a 
series of agents with related structures could provide 


useful information for the design of new antineoplas- 
tic drugs. 


This report describes the pharmacokinetic behav- 
ior of 1-111 in the dog following various routes of ad- 
ministration and the identification of 2,2-dimethyla- 
ziridine (IV) as part of the metabolic pathway of I 
and I11 in the plasma of dogs. 


EXPERIMENTAL 


Materials-The reagents used in the stability studies, phar- 
macokinetic studies, and analytical procedures were purchased 
and/or purified as described previously (7). 


Analytical Procedures-The measurement of alkylating 
activity and the quantitative analysis of samples were performed 
with 4-(p-nitrobenzyl)pyridine, using the previously reported pro- 
cedures (7). 


Stabil i ty Studies-The rate of loss of 1-111 in var- 
ious buffers, urine, plasma, and whole blood was studied. The 
methodology used was described previously (7). 


Pharmacokinetie Studies-Male mongrel dogs, 20-28 kg, 
were fasted for approximately 18 hr before drug administration. 
The animals were lightly anesthetized with pentobarbital sodium, 
and one cephalic vein was catheterized for the collection of blood. 
Preliminary studies showed that the 2,2-dimethylaziridine com- 
pounds were stable in alkaline solution. Therefore, they were pre- 
pared for injection by dissolution in 5 ml of 0.05 M NaZC03 (pH 
adjusted to 11.0) or 


All three compounds were administered by intravenous injec- 
tion, while I1 was also given by intramuscular injection into the 
gluteal muscle and by injection into the peritoneal cavity. Pre- 
treatment with proadifen hydrochloride’ [2-(diethylamino)- 
ethyl-2,2-diphenylvalerate hydrochloride] involved a dose of 20 
mg/kg sc 1 hr before the administration of 11. 


Sample collection (sufficient blood to perform two to five deter- 
minations) was accomplished quickly (in about 20 sec) because of 
the rapid rate of change of plasma drug concentration. The time of 
sampling was assumed to be the midpoint of this brief collection 
interval. The catheter was maintained open by filling it with a hep- 
arin solution (100 units/ml in 0.9% NaCl). The contents of the 
catheter were discarded before each sample was drawn. The other 
mechanical features of sample handling were performed as de- 
scribed previously (7). 


M KOH. 


RESULTS 


Stability Studies-The in uitro stability of 1-111 was mea- 
sured in various buffers and biological media, using a broader varia- 
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PHA RMA CEUTICA L ANALYSIS 


Combined Assay, Identification, and Foreign Related 
Steroids Test for Methandrostenolone by 
High-speed Liquid Chromatography 


A. G. BUTTERFIELD, B. A. LODGEX. N. J. POUND, and 
R. W. SEARS 


Abstract A high-speed liquid chromatographic system is de- 
scribed, which can be used for the simultaneous identification of 
the anabolic steroid methandrostenolone and i ts  impurities and 
the quantitation of each of these compounds. Separation is ef- 
fected by adsorption chromatography on a slurry-packed micro- 
particulate silica gel column. 


Keyphrases 0 Methandrostenolone and related steroid impuri- 
ties-simultaneous identification and quantitation by high-speed 
liquid chromatography 0 High-speed liquid chromatography- 
simultaneous identification and quantitation of methandrostenol- 
one and related steroid impurities 


The synthetic steroid methandrostenolone (17p- 
hydroxy-17a-methylandrosta-1,4-dien-3-one) (I) is 
used as an anabolic agent, both medically and non- 
medically (1, 2). It may be synthesized from methyl- 
testosterone (17/3-hydroxy-17a-methylandrost-4-en- 
$one) (11) either microbiologically (3) or chemically 
(4). Steroidal impurities which may be present (5) are 
11, 6a,l7~-dihydroxy-17a-methylandrosta-l,4-dien- 
3-one (III), and 6~,17~-dihydroxy-17au-rnethylan- 
drosta-1,4-dien-3-one (IV). Of these, I1 has about 
twice the oral androgenic potency and about one-half 
of the anabolic activity of methandrostenolone (6). 
Therefore, its presence in any significant amount is 
undesirable and limited (5). The epimeric pair of 6- 
hydroxylated impurities would be expected to be less 
active than methandrostenolone, since, in general, 
substitution at  the 6-position lowers androgenic ac- 
tivity (7). Nevertheless, the presence of such com- 
pounds as foreign related steroids should be con- 
trolled as much as possible within the limits of good 
manufacturing practice. 


Present cornpendial assays of methandrostenolone 
(5, 8) are interfered with by the presence of impuri- 
ties and are, therefore, less accurate then they might 
be. The BP (5) uses a simple UV measurement for 
the raw material and a condensation with dinitro- 
phenylhydrazine, followed by colorimetric assay for 
the tablets, together with a TLC test for the foreign 
related steroids. The limits for the impurities are 
0.5% for I1 and 2% each for I11 and IV. The NF (8) 
uses a straightforward UV measurement for both raw 
material and tablets and is only concerned with the 
presence of I1 as a foreign related steroid, setting a 
limit of 0.5% by TLC. 


High-speed liquid chromatography (HSLC) is 


enjoying increasing usage for the analysis of steroids 
(9). The work described in this study is an assay 
method for I, together with a method for estimating 
the amount of each impurity. Since it is a chromato- 
graphic procedure, it is also an identification test. 
The method may be used for both composite and sin- 
gle-tablet analysis. It is fast, accurate, precise, and 
specific for each compound described. 


EXPERIMENTAL 


Reagents-Compound Ill ,  Compound IIP, Compound IV2, rn- 
dinitrobenzenes, and all solvents were used as received. Com- 
pound I* was recrystallized from acetone and water and dried 
in vucuo before use. 


HSLC Procedure-A high-speed liquid chromatograph5 
equipped with a fixed wavelength (254 nm) UV detector [attenuat- 
ed 0.02 absorbance unit full-scale (aufs)], a septumless injector, 
and an electronic integrator6 were used. 


The silica gel7 (4-9 pm) column (25 cm X 2.1 mm i.d. X 3.2 mm 
0.d.; 304 stainless steel) was prepared using a balanced-density 
slurry packing procedure similar to that described by Majors (10). 
A mobile phase of 3% (v/v) ethylene chloride and 15% (v/v) 2-pro- 
panol in n-hexane was used at  a flow rate of 60 ml/hr (2600 psi) at 
ambient temperature. 


Preparation of Standard Solutions-11 Standard-com- 
pound 11, 12.5 mg, was accurately weighed into a 10-ml volumetric 
flask and dissolved in and diluted to volume with chloroform. 
Then 1.0 ml of this solution was pipetted into a 100-ml volumetric 
flask and diluted to volume with chloroform (Solution A, 12.5 pgl 
ml). 


111 and IV Standards-Approximately 15.6 mg each of I11 and 
IV was accurately weighed into separate 25-ml volumetric flasks 
and dissolved in and diluted to volume with chloroform. Then 1 ml 
of each solution was pipetted into separate 10-ml volumetric flasks 
and diluted to volume with chloroform (Solutions B and C, 62.5 
pglml). 


m-Dinitrobenzene (Internal Standard) -Approximately 9.5 mg 
of m-dinitrobenzene was accurately weighed into a 25-ml volumet- 
ric flask and dissolved in and diluted to volume with chloroform 
(Solution D, 380 pghl) .  Then 20 ml of Solution D was pipetted 
into a 100-ml volumetric flask and diluted to volume with chloro- 
form (Solution E, 76 pg/ml). 


Methandrostenolone Working Standard-Approximately 12.5 
mg of recrystallized I was accurately weighed into a 5-ml volumet- 
ric flask. Aliquots (1 ml) of each of Solutions A, B, C, and D were 
pipetted into this flask, which was agitated gently to dissolve the 


National Formulary reference standard. 
British Pharmacopoeia, authentic substance. 


3 Fisher Scientific, Montreal, Quebec, Canada. 
CibaKeigy, Montreal, Quebec, Canada. 


5 Varian Aerograph, model 4100, Walnut Creek, Calif. 
Vidar Autolab, model 6300, Mountain View, Calif. 
LiChrosorb SI 60, Brinkmann Instruments (Canada) Ltd.; manufac- 


tured by E. Merck, Darmstadt, Germany. 
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Table I-Assay of Methandrostenolone" i n  
Synthetic Mixtures 


Amount, pg/ 
Sample Injection Recovery, % 


1 1.240 99 .6  
2 2.480 9 9 . 8  
3 2.610 101.9 
4 2.750 9 9 . 6  


Mean recovery, % = 100.2 
Coefficient of variation, % = 1.1 


Containing 0.77, of 111 and 1.0% of IV. 


methandrostenolone and diluted to volume with chloroform. This 
solution now contained I (2.5 mg/ml), I1 (2.5 pglml), 111 and IV 
(12.5 pg/ml), and m-dinitrobenzene (76 pg/ml) and corresponded 
to a solution of I containing 0.5% 111 and IV and 0.1% 11. 


Analysis of Methandrostenolone Tablets-Tablet Extrac- 
tion-Single (5-mg) tablets were placed in 15 X 75-mm screw- 
capped test tubes and crushed with a glass rod to a fine powder. 
Two milliliters of Solution E was pipetted into each tube, which 
was closed and placed on a rotator8 a t  60 rpm for 20 min. The tube 
was centrifuged9 at 3000 rpm for 5 min. 


HSLC-Duplicate 1-pl aliquotsl0 of the working standard solu- 
tion of I were chromatographed, and the peaks corresponding to I 
and the internal standard were integrated. Duplicate I-pl aliquots 
of each tablet extract were chromatographed, again integrating the 
peaks due to internal standard and I in each sample. The percent 
label claim of I was calculated from: 


N M N L s  (sample) 
% I  = x 100 NMNIs (standard) 


where N u  = integrator counts for peak from I, and N1.s. = integra- 
tor counts for internal standard peak. 


Limit Test for 11, 111, and IV in Methandrostenolone Tab- 
lets-Duplicate (5-pl) aliquotsl of the working standard solution 
of I were chromatographed, integrating the internal standard peak. 
Duplicate (5-pl) aliquots of the tablet extracts used for the assay 
were also chromatographed, integrating the internal standard 
peak. The ratio of impurities in the sample and standard was cal- 
culated from: 


N l s H ,  (sample) 
N l s H ,  (standard) 


R, = (Eq. 2) 


where R, = ratio of compound, x, in the sample to that in the stan- 
dard; N1.s. = integrator counts for the internal standard peak; and 
H, = peak height for Compound x, where x can be 11,111, or IV. 


If R, is greater than 1.0 for Compound x ,  the sample contains 
more than 0.1% (11) or 0.5% (111 and IV) of that impurity. 


RESULTS AND DISCUSSION 


Figure 1 shows a chromatogram of a synthetic mixture of I, 11, 
111, IV, and the internal standard, m-dinitrobenzene. The impuri- 
ties represent 1.0,0.7, and 1.0%. respectively. 


Figure 2 shows a plot of integrator count ratio for various 
amounts of I and a constant amount of internal standard (76 ng/ 
injection) versus the weight of I chromatographed; the response 
was linear to more than 3 pg of I. Subsequent work was carried out 
with a nominal level of 2.5 pg of Ihnjection. 


Response curves for 11,111, and IV were prepared by calculating 
the ratios of the peak heights to internal standard counts and plot- 
ting these values against the amount of compound injected. Com- 
pound I1 was studied over the 1.25-12.5-nglpl range, while 111 and 
IV were tested over the 2.5-50-ng/pl range; 5-@1 injections were 
used in all cases. Relative to a lrpl injection of I a t  the level of 2.5 


8 Multi-Purpose Rotator, Scientific Industries, Springfield, Mass. 
9 HM-s centrifuge, International Equipment, Needham Heights, Mass. 


1" Hamilton 75N CH microliter syringe. 
l 1  Hamilton 701N CH microliter syringe. 


7- 
0.005 Abs. 


soLvENT71 INJECT 7 /I 
\ 111 I I 


"" 'iT" 
III 
0 3 6  


MINUTES 


Figure 1-High-speed liquid chromatogram of a synthetic 
mixture of methandrostenolone (I, 2.5 pg), methyltestosterone 
(11, 25 ng), 6a-hydroxymethandrostemlone (111, 17.5 ng), 
a n d  Gi3-hydroxymethandrostenolone (IV, 25 ng). Chroma- 
tographic conditions aregiven i n  the text. 


pg/pl, these ranges represent 0.0545% I1 and 0.1&2.0% 111 and 
IV. 


The calculated line of best fit in each case was a straight line 
through the origin (y = mx), with the relative standard deviations 
of the slopes being 20.3,7.7, and 2.0% for 11,111, and IV, respective- 
ly. 


Methandrostenolone raw material and two separate reference 
standards (NF and BP) were chromatographed under the condi- 
tions described here and were shown to contain between 0.4 and 
1.0% of each of the two impurities 111 and IV and negligible 
amounts of 11. Recrystallization of the raw material from a water- 
acetone solution yielded I containing less than 0.03% of either im- 
purity. This sample was used to prepare the working standard so- 
lution of I. 


The chromatographic system was stable over the period re- 
quired for the assay. Retention time variation on the peak from I 
was less than 2%. Compound I was quantitated by comparison of 
the ratios of integrator counts for peaks obtained for I and the in- 
ternal standard when 1.0-p1 aliquots of the tablet extract and 
working standard solution were chromatographed. Since the nomi- 
nal concentration of these two compounds was the same in both 
solutions, direct comparison of peak height ratios multiplied by 
100 gives the percent of label claim for I. Table I lists the assay re- 
sults for synthetic solutions of I over a range of 1.2-2.75 pghnjec- 
tion. 


The limit test for the impurities in I could have been carried out 
with a single-injection technique, using the same chromatogram 
used for the assay. However, the results would have been less pre- 
cise because of the small size of the impurity peaks when only 1.0 
pl (2.5 pg) of solution was used (Fig. 1). For this reason, a 5-pl in- 
jection was used which gave peaks for the impurities that were 
large enough for quantitation but a nonlinear peak for I. Negligible 
interference of the parent peak with IV was observed under these 
conditions, and quantitation of the impurities was possible a t  lev- 
els as low as 0.05% for I1 and 0.1% for 111 and IV. Quantitation was 
effected by comparison of the ratios of impurity peak heights to in- 
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Table 11-Assay of Methandrostenolone and Impurities in Tablets 


HSLC 


L o t  I, % 11, % 111, % IV, % Total, % BP, % 


Am M e a n  = 100 .o 0.06 0.35 0.76 101.2 98.8 
SD = f 2 . 6  f 0  .02 f O  .04 f0 .04 - 


Ab 98.7 0.05 0 . 3 3  0.72 98.8 98.6 
Ba Mean = 95.2 <O .05 0.51 0.67 96.4 97.7 


SD = f 3 . 7  - f O  .04 f0.04 .- 


B* 96.6 <0.05 0.47 0.61 97.7 97.8 


Values are from analysis of 10 single tablets. * Values are from analysis of composite of 10 tablets, with both metl ids  applied to same solution. 


ternal standard counts from chromatograms of 5-pl aliquots of 
sample and working standard solutions. Peak height was used for 
the impurity peaks because the integrator was not always able to 
track peaks corresponding to small quantities of 111 and IV. 


When six (5-p1) aliquots of the working standard solution of I 
were analyzed, coefficients of variation of 1.4, 21.4, 4.4, and 8.3% 
were obtained for I, 11, IV, and 111, respectively. 


0 1 2 3 4 
CONCENTRATION OF I. &/INJECTION 


Figure 2-Linearity curve for methandrostenolone from 
chromatograms of methandrostenolone standard solutions con- 
taining 76 nglinjection of m-dinitrobenzene as  internal stand- 
ard. 


Table I1 summarizes the results obtained when 10 single tablets 
(5 mg) of I, from each of two lots, were assayed by HSLC and by 
the BP method and when 10-tablet composites of each lot were as- 
sayed by both methods. The assay results are in excellent agree- 
ment when the total percent recovery by HSLC is compared to the 
BP method, especially in the case of the composite solutions as- 
sayed by both methods. The single-tablet assay results have differ- 
ent means, indicating a possible shortcoming in assaying only 10 
tablets for content uniformity purposes. Alternatively, it may re- 
flect real differences between two sets of tablets or differences in 
precision of the two methods at  the single-tablet level. The coeffi- 
cients of variation on the impurities were 33, 12, and 6% for 11,111, 
and IV, respectively, a t  impurity levels of 0.05, 0.4, and 0.7%, re- 
spectively, and include about 3% tablet variation. 


In conclusion, a precise, rapid, HSLC procedure was developed 
which allows either the assay of methandrostenolone and an esti- 
mate of its three impurities or a dual-injection assay of the parent 
compound and of these same impurities. 
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Effect of Deoxyuridine Coadministration on Toxicity and 
Antitumor Activity of Fluorouracil and Floxuridine 


JOHNSON G. JATO*, LANNY M. LAKE, EDWARD E. GRUNDEN, and 
BRUCE M. JOHNSON” 


Abstract The addition of deoxyuridine (UDR) to fluorouracil 
(FU) or floxuridine (5-fluoro-2’-deoxyuridine) (FUDR) produced a 
substantial increase in their toxicity in BDFl mice. Antitumor as- 
says using sarcoma 180 tumor-bearing mice showed a concomitant 
increase in tumor growth inhibition for the nucleoside-drug com- 
bination over identical doses of the single drug. However, no sig- 
nificant increase in antitumor activity with the combination treat- 
ment was demonstrated when equitoxic doses were given. Addi- 
tional support for the therapeutic equality of the single and combi- 
nation drug regimens was the similarity of the therapeutic indexes 
for each treatment regimen involving either fluorouracil or floxuri- 
dine. The results suggested that any therapeutic benefit achieved 
with the combination therapy could be duplicated with either fluo- 
rouracil or floxuridine a t  a higher dose. 


Keyphrases Deoxyuridine-effect of coadministration on toxic- 
ity and antitumor activity of fluorouracil and floxuridine Fluo- 
rouracil-effect of deoxyuridine coadministration on toxicity and 
antitumor activity Floxuridine-effect of deoxyuridine coad- 
ministration on toxicity and antitumor activity 0 Anticancer 
agents-effect of deoxyuridine coadministration on toxicity and 
antitumor activity of fluorouracil and floxuridine 


Coadministration of deoxyuridine (UDR) with flu- 
orouracil (FU) and floxuridine (5-fluoro-2’-deoxy- 
uridine) (FUDR) was proposed by Windheuser and 
Jato (1) who observed a conversion of 5-fluorouracil 
to 5-fluoro-2’-deoxyuridine by human blood. Because 
this transformation reduces the steps needed to con- 
vert fluorouracil to the active form (2,3), an enhance- 
ment of the antitumor activity of fluorouracil and 
floxuridine by deoxyribonucleosides was predicted. If 
this mechanism is operative in murine tumor thera- 
py, the antitumor activity of fluorouracil or floxuri- 
dine should be increased in the presence of an excess 
of deoxyuridine. Preliminary experiments on trans- 
planted mouse tumors, L-1210 leukemia and mam- 
mary adenocarcinoma 755, showed that deoxyuridine 
administered together with fluorouracil or floxuri- 
dine enhanced the antitumor activity of each drug 
over the same dose of each drug alone (4). 


T o  understand the clinical significance of this en- 
hancement, combinations of deoxyuridine with fluo- 
rouracil and floxuridine were examined in an animal 
tumor system (sarcoma 180) and compared to the 
single drugs using the parameters of antitumor activ- 
ity and toxicity. 


EXPERIMENTAL 


Materials-N-Methylformamide’, fluorouraci12 (pH 9.0, solu- 
tion), floxuridine2 (powder), and deoxyuridine” (thymine and thy- 
midine free) were used as received. 


Eastman Kodak Co., Rochester, N.Y. 
Hofl‘mann-La Roche, Nutley, N.J. 
Sigma Chemical Co., St. Louis, Mo. 


Animals-Female BDFI mice4, 20-22 g, were maintained on a 
standard pellet diet and tap water ad libitum. 


Toxicity Studies-Following a 7-10-day period of acclimatiza- 
tion before experimental use, the BDFl mice were randomized and 
divided into groups of 10, corresponding to the number of drug 
regimens to be tested plus a control group. Drugs were put into so- 
lution with sterile 0.9% NaCl24 hr prior to the 1st day of injection. 
Each mouse received intraperitoneally 0.01 ml/g body weight of 
the drug regimen for 7 consecutive days; control animals received 
an equivalent volume of sterile 0.9% NaCI. 


For the combination drug regimens, a constant amount of deox- 
yuridine (200 mg/kg/day) was coadministered with each dose of 
fluorouracil and floxuridine. This level of the nucleoside, an ap- 
proximate fivefold excess of deoxyuridine over floxuridine, was 
used in previous in uiuo studies (4). Average weights for each 
group were determined daily, and deaths were recorded through- 
out the 3-week observation period. 


Implantation a n d  Treatment  of Sarcoma 180 Tumor-The 
sarcoma 180 tumor was maintained in the laboratory by subcuta- 
neous transplant in female BDFl mice every 7 days. Aseptic condi- 
tions were maintained by using sterilized instruments and working 
under a hooded area. For tumor transplantation, the tumor was 
excised from the animal and placed in a petri dish containing cold 
saline. The tumor tissue was trimmed of necrotic and fibrous tis- 
sue and then minced with scissors into fragments; these fragments 
were implanted subcutaneously over the front shoulder using a 
16-gauge trocar. Tumor fragments were tested for sterility by plac- 
ing samples into two tubes containing thioglycollate broth5 and 
checking for bacterial growth after 48 hr. If growth was found, the 
experiment was discarded. 


The antitumor activities of fluorouracil, fluorouracil plus deoxy- 
uridine, floxuridine, and floxuridine plus deoxyuridine were as- 
sayed in groups of 10 BDFl mice given implants on Day 0. Test 
mice were given daily intraperitoneal injections for 7 days with a 
volume of 0.01 ml/g body weight of the appropriate drug solution, 
starting 24 hr after implantation of the tumors, i.e., Day 1. Control 
mice received 0.9% NaCl in an identical manner. N-Methylforma- 
mide (NSC-3051) was used as a positive control a t  a dose of 200 
mg/kg/day for 7 days. 


On Day 12 postimplantation, the mice were sacrificed and each 
tumor was excised and weighed. The mean tumor weight for each 
group was used to calculate the values for test/control (T/C). Per- 
cent inhibition of tumor growth was given by Eq. 1: 


percent inhibition = lOo(1 - T/C)  (Eq. 1) 


RESULTS AND DISCUSSION 


Determination of LDlo and LDso-In a previous study, Jato 
and Windheuser (4) suggested that the increased antitumor activi- 
ty produced when deoxyuridine was combined with fluorouracil or 
floxuridine was associated with an increase in toxicity for the com- 
bination drug regimens. T o  examine the effects of the nucleoside 
on toxicity of the single drugs, a series of dosages of fluorouracil 
and floxuridine were coadministered with deoxyuridine in BDFl 
mice (10 mice/dose) and deaths were recorded over a 3-week peri- 
od. A plot of log dose-percent survivors enabled the determination 
of LDlo and LDso values for each combination regimen from their 
respective graphs (Fig. 1). 


The LDlo values of 30 mg/kg/day for fluorouracil and 150 mg/ 


A. R. Schmidt, Madison, Wis. 
Difco Laboratories. Detroit, Mich. 
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Table I-Lethal Doses for  Fluorouracil  plus Deoxyuridine 
and Floxuridine plus Deoxyuridinea 


LDie’ LDsoC 
mg/kg/  mmolei/  mg /kg /  mmoles/ 


Drug d a y  k g / d a y  d a y  kg /day  


Fluorouracil 12.0 0.092 16.0 0.123 
DlUS 
deoxyuridine 


Floxuridine 58.0 0.236 67.0 0.272 
plus 
deoxyuridine 


a Drugs were given intraperitoneally for 7 consecutive days to groups of 
10 BDFi mice/dose: the mice were observed for 2 weeks after the injection 
period; 200 mg/kg/day of deoxyuridine was coadministered with each 
drug. Lethal dose for 50% of the mice. Lethal dose for 10% of the mice. 


kg/day for floxuridine have been reported (5). Because these 
values were obtained from a 5-day injection schedule, it was neces- 
sary to adjust the reported values to a 7-day injection period using 
the method described by Freireich et  al. (6) before these values 
could be compared with the LDlo values obtained for the combina- 
tion regimens in this study. The adjusted LDlo values were 21.4 
mglkglday for fluorouracil and 107 mg/kg/day for floxuridine. A 
comparison with the experimentally determined values (Table I), 
12 mg/kg/day for fluorouracil plus deoxyuridine and 58 mg/kg/day 
for floxuridine plus deoxyuridine, showed that the inclusion of 
deoxyuridine increased the toxicity of both fluorouracil and floxur- 
idine approximately 100%. 


In terms of relative toxicity, floxuridine plus deoxyuridine was 
less toxic than fluorouracil plus deoxyuridine on a milligrams per 
killogram per day and molar basis (Table I). This finding indicated 
that the addition of deoxyuridine, while enhancing the toxicity of 
the single drugs, did not alter the toxicity relationship; i.e., floxuri- 
dine is less toxic than fluorouracil, as has been reported clinically 
(7) and demonstrated in mice (8). 


Antitumor Activity-A preliminary study was performed in 
which a group of sarcoma 180-tumor bearing mice was injected for 
7 consecutive days with varying doses of the nucleoside to deter- 
mine if deoxyuridine exerted any antitumor activity. After 12 days 
postimplantation, the tumors were removed and weighed individu- 
ally. The results of this study showed that deoxyuridine, even 
when administered a t  a dose 2.5 times greater than the level used 
in the combination treatment regimens, exhibited no antitumor 
activity. 


The effect of deoxyuridine on the tumor growth-inhibitory ac- 
tivity of fluorouracil and floxuridine was then ascertained. When 
using the parameter of mean tumor weight on Day 12 postimplan- 
tation, the results in Table I1 show an increased antitumor activity 
for the combination drug regimens administered a t  dosages identi- 


5 10 15 20 25 40 50 6070 
DOSE, rng/kg/day 


Figure 1-Effect of deoxyuridine on lethality of fluorouracil 
(0) a n d  floxuridine (0). Abscissa scale is logarithmic, but 
actual doses are indicated. Deoxyuridine was given a t  a dose of 
200 mg/kg/day with each dose of the respective single drug. 


cal to those of the single drug regimens. These results, utilizing 
BDFI mice bearing sarcoma 180 tumors, corroborated the findings 
reported earlier in mice bearing L-1210 or adenocarcinoma 755 
(4)--uiz., deoxyuridine increased the antitumor activity of fluo- 
rouracil and floxuridine. 


The loss in body weight that  occurred with the higher dosages in 
the Combination drug regimens suggested that the increased anti- 
tumor activity was achieved at the cost of a greater toxicity. The 
group that received 50 mg/kg/day of floxuridine had a net gain in 
weight of 1.2 g on Day 12 postimplantation, while the group that 
received 50 mg/kg/day of floxuridine in combination with 200 
mg/kg/day of deoxyuridine experienced a net loss in weight of 2.0 
g. A similar trend was produced by fluorouracil plus deoxyuridine 
at the highest dose (11 mg/kg/day). 


Treatment  of Sarcoma 180 with Equitoxic Levels-The pre- 
ceding studies established that the addition of deoxyuridine to ei- 
ther fluorouracil or floxuridine resulted in an increase in the toxic- 
ity of the single drugs. Before a determination of increased antitu- 
mor efficacy could be ascribed to the combination drug regimens, 
it was necessary to compare the single drug regimen to the combi- 
nation regimen a t  equitoxic levels rather than a t  identical dosages. 


The results from such a study, using BDFl mice in which each 
drug regimen was given once daily for 7 consecutive days hegin- 
ning 24 hr after implantation of sarcoma 180 tumor tissue subcuta- 
neously, are shown in Table 111. Each tumor was removed and 
weighed 12 days postimplantation; the mean tumor weight for 
each drug regimen was tabulated, and comparisons a t  equitoxic 
dosages were made between the single drug regimen and the corre- 
sponding combination drug regimen. The mean tumor weights of 
the mice that received deoxyuridine and fluorouracil were lower 


Table 11-Effect of Coadministered Deoxyuridine on Inhibit ion of Sarcoma 180 i n  BDF, Mice by  Fluorouracil and 
Floxuridinea 


Mean B o d y  Mean 
Doseb, Weight  Tumors T u m o r  Inhibit ion,  


D r u g  mg/kg/day Change., g Evaluated Weightd,  g T/C % 


Control (0.9% NaCl)  
Fluorouracil 


Fluorouracil plus deoxyuridine 


Fluorouracil 


Fluorouracil plus deoxyuridine 


Floxuridine 


Floxuridine plus deoxyuridine 


Floxuridine 


Floxuridine plus  deoxyuridine 


N-Methylformamide 


- 


5.5 


2 0 3  


2::::) 


2::::) 


2%:) 


11.0 


25.0 


50.0 


200.0 


+0.8 
+1.4 


+1.3 


+1.4 


-0.1 


+1.2 


f 1 . 0  


+1.2 


-2.0 


f 0 . 8  


41 
42 


42 


42 


41 


42 


42 


42 


40 


42 


6.16 
4.15 


2.58 


4.27 


0.73 


2.85 


0.36 


0.40 


0.03 


1.13 


- 


0.67 


0.42 


0.69 


0.12 


0.46 


0.06 


0.07 


0.01 


0.18 


- 


33 


58 


31 


88 


54 


94 


93 


99 


82 


Tumor was implanted subcutaneously on Day 0. ’ Drugs were given intraperitoneally for 7 consecutive days starting on Day 1. Between Days 
1 and 12. Tumors weighed on Day 12 postimplantation. 
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Table 111--Effect of Equitoxic  Levels of Single D r u g  a n d  
Combination D r u g  Regimens on Growth  of Sarcoma 180 
in BDF, Mice 


I \ \  I Z  
95 


M e a n  L L  


6.00 Body  
M e a n  Tumor Weight 


Dose Weightc, Changed, 
Level* mg + h ~ 


z c 
5.5 k 


m 
I 


5.0 5 
Drug. 


& 50 Fluorouracil 
Fluorouracil plus 


deoxyuridine 
Fluorouracil 
Fluorouracil plus 


deoxyuridine 
Fluorouracil 
Fluorouracil plus 


deoxyuridine 
Floxuridine 
Floxuridine plus 


deoxyuridine 
Floxuridine 
Floxuridine plus 


deoxyuridine 
Floxuridine 
Floxuridine plus 


deoxyuridine 


~~ 


3/4LDio 388 zk 74 + 0 . 3  
3/4 LDlo 241 f 25) NSe - 0 . 2  I- z ' 30 c 


m 
c 15 


2 4.5 w 


a 0 


W 
4.0  


467 
331 


+ 0 . 8  
+ 1 . 6  


f0 .7  
+0.7 


Y 
0 


3.5 c 582 f 64 
438 f 66) NS - 


m 
a 0 
m 


5 


2/3 LDio 103 zk 17 - 0 . 6  
2/3 LD,, 102 i 18) NS -1  .O 


- 
100 50 30 20 10 5 2 


DOSE, mg/kg/day 


figure 3-Effect of floxuridine and floxuridine p lus  deoxy- 
uridine on growth of sarcoma 180 in mice. Abscissa scale is 
logarithmic, but actual doses are indicated. Therapeutic index 
is represented by the ratio of LDlo/EDeo. Key: 0, floxuridine; 
and  0, floxuridine plus  deoxyuridine (200 mg/kg/day). 


167 f 41 
258 =t 38} NS 


-0.1 
+ 0 . 7  


413 =t 76 
399 i 84) NS 


+ 0 . 9  
0 . 0  


Dru s were given intraperitoneally for 7 consecutive days starting on 
Day 1. !Each group contained 15 BDFI mice; deoxyuridine was given at a 
dose of 200 mg/kg/day. Tumors were weighed on Day 12 postimplantation. 


NS = not signif- 
icant ( p  > 0.05); significance value was determined by Student's t test. 


Change in mouse body weight between Days 1 and 12. 


than those that received only fluorouracil, but a t  no dosage level 
was the difference significant ( p  > 0.05). In the group that re- 
ceived floxuridine alone or in combination with deoxyuridine, 
there was much less of even an apparent difference in mean tumor 
weights between the two treatment regimens; again, no difference 
was significant. 


No distinctive differences between the single drug and the com- 
bination drug regimens were evidenced in the net body weight 
changes over the 12-day experimental period. This finding sug- 
gested the equality of the regimens with regard to the toxicity pro- 
duced a t  equal levels of antitumor activity. 


The percent of tumor inhibition produced by each drug regimen 
was calculated from the mean tumor weight of each group and 
then plotted as a log dose-probit relationship (Figs. 2 and 3). By 
extrapolating from the appropriate figure, the effective dose that 
resulted in a 90% inhibition of tumor growth (EDw) for each drug 


regimen was determined. By using these values, the therapeutic 
index, expressed by the ratio LDlo/EDgo, was calculated for each 
regimen. 


The closeness of the calculated therapeutic indexes of fluoroura- 
cil and fluorouracil plus deoxyuridine, 0.65 and 0.76, respectively, 
indicated that the addition of deoxyuridine did not result in a 
therapeutic advantage for the combination drug regimen over the 
single drug regimen. This finding was reinforced by the therapeu- 
tic indexes of 1.27 for floxuridine and 1.02 for floxuridine plus 
deoxyuridine. Parenthetically, the superiority of both floxuridine 
and floxuridine plus deoxyuridine over the fluorouracil regimens 
was reflected by the larger therapeutic indexes, which denoted a 
greater margin of safety for the floxuridine regimens. 


SUMMARY 


When assayed against sarcoma 180, the combination of deoxy- 
uridine (200 mg/kg/day) with fluorouracil or floxuridine produced 
an increase in antitumor activity over that  produced by the identi- 
cal dose of either single drug alone. Data from toxicity studies, 
however, revealed that the addition of deoxyuridine resulted in an 
increase in the toxicity of the combination regimens over the single 
drug regimens, as reflected primarily in mortality and secondarily 
in loss of body weight of BDFl mice. 


When assayed at equitoxic dose levels, no significant increase ( p  
> 0.05) in antitumor activity against sarcoma 180 was exhibited by 
either combination regimen over its respective single drug regi- 
men. The addition of deoxyuridine to fluorouracil or floxuridine 
did not cause a notable change in either drug's therapeutic ratio 
(LDlo/EDyo). This finding suggested that any therapeutic benefit 
achieved with the combination drug regimen could be duplicated 
with either fluorouracil or floxuridine a t  a higher dose. 


I- z 
4.5 w 


2 
W 


4.0 
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Evaluation of a Dynamic Permeation Technique for 
Studying Drug-Macromolecule Interactions 


F. BOTTARI, G. Di COLO, E. NANNIPIERI x, 
M. F. SAETTONE, and M. F. SERAFINI 


Abstract The applicability of a permeation rate technique to 
the determination of drug-macromolecule interactions was tested 
by measuring the extent of interaction of methylparaben with 
polyvinylpyrrolidone and polysorbate 80. Results were in agree- 
ment with literature data obtained by other techniques. The pres- 
ent method, although restricted to permeant molecules that dif- 
fuse readily through nonporous nylon membranes, is of potential 
value for investigations of drug binding by macromolecules not re- 
tained by porous dialysis membranes. 


Keyphrases 0 Permeation rate technique for determining drug- 
macromolecule interactions-tested using methylparaben with 
polyvinylpyrrolidone and polysorbate 80 Drug-macromolecule 
interactions-determination by permeation rate technique, com- 
pared to literature dialysis data 


The phenomena of drug-macromolecule interac- 
tions have received wide attention in recent years in 
view of their relevance to drug absorption, transport, 
and overall availability. Dynamic dialysis’ techniques 
have been successfully applied to the study of such 
interactions (1-3). These methods consist of the mea- 
surement of the rate of disappearance of a small mol- 
ecule from a macromolecule-containing compartment 
under quasi-steady-state conditions. Their applica- 
tion purportedly offers some advantages (rapidity, 
economy, simplicity, etc. ) over other time-honored 
techniques but is limited by the fact that porous dial- 
ysis membranes are pervious to many macromole- 
cules of pharmaceutical interest. 


Analogous techniques involving nonporous, lipid- 
like membranes have been proposed. Permeation 
rate methods (using nylon and dimethylpolysiloxane 
membranes) were applied to the study of complex 
formation between small molecules (4, 5). Nakano (6) 
investigated the interaction of chlorpromazine with 
several macromolecules, using a permeation rate 
method with dimethylpolysiloxane membranes, but 


’ The term dialysis is reserved here for a process involving diffusion 
through porous membranes, while permeation refers to diffusion through 
nonporous membranes. 


his experimental system did not allow quantitative 
estimates of free and bound drug. 


Nylon, whose permeability characteristics have 
been described (7), appeared to be an interesting 
membrane material for the study of drug-macromol- 
ecule interactions by a quasi-steady-state permeation 
rate technique. The purposes of this preliminary in- 
vestigation were to evaluate the technique and to 
compare the results with literature data obtained by 
equilibrium dialysis. 


EXPERIMENTAL 


Materials-Methyl p-hydroxybenzoate‘ was recrystallized 
from methanol to a constant melting point of 127-128’. Polysor- 
bate 80:’ and poly~inylpyrrolidone~ were used as received. Nylon 6 
(polycaprolactam) film from a single roll5, in a labeled thickness of 
0.5 mil (0.00127 cm), was used. 


Apparatus-The permeation rate experiments were run with a 
specially designed cell (Fig. 1). The cell interior could be easily 
cleaned between experiments by removing the upper part (A) 
without disturbing the membrane. The nylon membrane was se- 
curely kept in place by a circular metal plate (C). Fluid tightness 
was ensured by two O-ring gaskets fitted in machined dies in the 
upper and lower part of the cell body (B). All parts in contact with 
the solution were either stainless steel or polytetrafluoroethylenefi 
to avoid absorption of the diffusant by the cell material. 


The approximate internal volume was 30 ml, and the diameter 
of the area available for diffusion was 6.0 cm. For use, the cell was 
placed in a jacketed beaker (internal height of 10.0 cm, internal di- 
ameter of 12.0 cm) connected to a thermostatted (30 f 0.1O) water 
bath and circulator. Both the “internal” (cell) and “external” (bea- 
ker) solutions were stirred by synchronous motors’. One motor (60 
rpm) was connected to the cell stirrer; the other (500 rpm) oper- 
ated a magnetic stirrer. 


T o  obtain reproducible results, newly cut membranes were 
soaked for a t  least 3 days in several changes of distilled water at  
35’. Soaking a t  lower temperatures or for shorter times resulted in 
progressively decreasing permeation rates until an apparent stabi- 
lization occurred. This phenomenon resulted probably from insuf- 


Carlo Erha. Milano. Italy. 


Plasdone C, GAF Corp., New York, N.Y. 
:I Tween 80, Atlas Europol SPA, Varese, Italy. 


r, Capran 77 C, Lot G1705283, Allied Chemical Corp., Morristown, N.J 
:Tellon, E.I. du Pont de Nemours & Co., Wilmington, Del. 
’ Crouzet S.A.. Paris, France. 
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BOOKS 


REVIEWS 


Strategy of D r u g  Design: A Molecular Guide to Biological 
Activity. By W. P. PURCELL, G.  E. BASS, and J. M. CLAY- 
TON. Wiley-Interscience, Wiley, New York, N.Y., 1973. 193 pp. 
14.5 X 22.5 cm. Price $9.95. 
Comprehensively yet concisely written in a step-by-step man- 


ner, this is a very useful book to introduce students, medicinal 
chemists, and drug designers to the structure-activity relationship 
study from a mathematical approach. The book consists of six 
chapters and four appendixes, with an author index and a subject 
index. 


The introductory chapter presents a historical background of 
the development of various mathematical models. This is followed 
by three chapters on linear free energy related (extrathermody- 
namic) models, wherein the Hammett equation, Hansch calcula- 
tions, Free-Wilson model, among others, are illustrated to corre- 
late physicochemical properties (hydrophobic, steric, electronic, 
e t c . )  of a given molecule with its biological activity. Two following 
chapters on de nouo model present a statistical approach for tabu- 
lating and ranking substituent group contributions to biological 
activity. 


While correlations between calculated and observed biological 
activities in a closely related series of compounds are sometimes 
successful, the mathematical approach has presently found its use- 
fulness mainly in correlating in uitro biological activities (enzyme 
inhibitory action, for example) and, in a limited extent, predicting 
semiquantitative and largely qualitative structure-activity rela- 
tionships. The reason, as the authors wisely point out, is: “. . . that  
this approach does not represent a panacea to drug design and that 
biological systems are not ready to lie quietly while we dissect and 
probe with neat, mathematical models and laws of physics.” 


Although a molecule may exert its activity as such in uitro, i t  
often undergoes various metabolic changes such as hydrolysis, hy- 
droxylation, cyclization, esterification, reduction, oxidation, and/ 
or ring cleavage, to name just a few. Furthermore, there are factors 
which can influence metabolism of a given compound or drug, e.g., 
animal species, strain, age, sex, size of dose, route of administra- 
tion, presence of other foreign compounds, temperature, time of 
day, and diet, which are rather difficult to consider and gather in a 
few equations. The authors very aptly review the efforts made to 
bring some order to a complex sequence of events by illustrating 
the nine hydrophobic, eight steric, 54 electronic, and eight miscel- 
laneous parameters for the use in the linear free energy related 
model. However, for in uiuo studies, these factors or parameters 
may not be additive. 


Although the development of a few equations with some inter- 
esting correlations of experimental results is a far cry from “Drug 
Design,” the mathematical approach is nevertheless a meaningful 
one which can be used and continuously developed for the study of 
structure-activity relationships. In this regard, the authors as well 
as other workers in this field are to be congratulated and encour- 
aged for being involved in this undertaking. 


Reviewed by C .  C. Cheng 
Midwest Research Institute 
Kansas City,  MO 641 10 


T h e  Chemistry and Biochemistry of the Sulfhydryl Groups in 
Amino Acids, Peptides and Proteins. By MENDEL FRIED- 
MAN. Pergamon Press, Elmsford, NY 10523,1973. vii + 485 pp. 
18 X 26 cm. Price $22.50. 
The main focus of the book is the sulfhydryl group (SH). The 


scientific literature is extensively reported and critical comment is 
offered. Division of the book is into 16 chapters, each devoted to a 
particular topic. 


The first chapter deals with the pKa and K, of the SH group in 
the aminothiol with greatest emphasis on methods used in their 


determination. A critical evaluation of the methods is offered. 
Chapters 2-9 cover a wide variety of reactions of SH groups. 


Reactions of SH and other groups with transition metals are dis- 
cussed in the second chapter. The affinity of SH for transition 
metals is related to the involvement of SH groups and metals in 
active sites of enzymes and in chelates. 


In the next chapter the role of the SH group in protein structure 
is presented. Major emphasis is placed on the return of protein de- 
natured by reduction of the disulfide bonds to the original struc- 
ture by oxidation. 


Reactions through which SH groups can be eliminated from pro- 
tein and the products of the reactions are considered in Chapter 5. 
The importance of these reactions to food, wool, leather, and other 
technologies is illustrated. 


Chapters 6-8 cover reactions through which SH groups may be 
modified. Chapter 6 deals with organic halides and epoxides. 
Chapter 7 emphasizes transfer of groups from S to N and S to S. 
Chapter 8 deals with the mechanisms through which simple thiols 
can be used to break disulfide bonds in protein. Practical applica- 
tion of the latter reactions are considered, for example, in relation 
to SH content of flour and bread quality. 


Procedures for introducing thiol groups into proteins are dis- 
cussed in Chapter 9. The primary areas of concern are synthesis of 
new cysteines, procedures used in thiolation, and methods used to 
protect S H  groups during peptide synthesis. 


The use of thiols as radioprotectives with various proposed 
mechanisms and conflicts is the focus of the next chapter. Consid- 
eration is given to factors such as the influence of pH and oxygen. 


A number of methods for analysis for SH and S-S content of 
protein are included in Chapter 11. 


Chapter 12 reports on the different reactivities of SH groups in 
proteins and the relation of enzyme activity and protein structure. 


The involvement of SH groups in active sites of enzymes is con- 
sidered next (Chapter 13). Major emphasis is on methods used to 
determine reaction mechanisms of S H  enzymes. 


Chapter 14 outlines several of the known biosynthesis routes for 
thiols. Involvement of SH in other aspects of metabolism is also 
discussed. Sulfhydryl groups are involved in certain cases in detox- 
ification reactions. Mechanisms of reaction are considered. 


The final chapter of the book is turned to the practical applica- 
tion of S H  chemistry to disease and drug action. 


The wide variety of topics covered in the book would make it of 
interest to any serious student of S H  chemistry or biochemistry. 
Although discussion of the literature is often only fragmentary, 
entry into the literature is provided by extensive references. The 
critical evaluation of the literature provides insight into problems 
present in SH research and also points out conflicts which could 
lead to needed research. 


Reuiewed by William M. Hadley 
College of Pharmacy 
Uniuersity of New Mexico 
Albuquerque, N M  87131 


Front iers  in Catecholamine Research. Proceedings of the Third 
International Catecholamine Symposium Held a t  the University 
of Strasbourg, Strasbourg, France, May 20-25, 1973. Edited by 
E. USDIN and S. H. SNYDER, Pergamon Press, Elmsford, NY 
10523, 1973. 1219 pp. 17.5 X 26 cm. Price $50.00. 
This challenging title holds in 1219 pages eight broad topics 


with 210 papers which were presented at the Third International 
Catecholamine Symposium in May 1973. “The Impact of Mono- 
amine Research on Drug Development” deals with mechanisms of 
drug action, e.g., drugs affecting biosynthesis, the amine pump, in- 
traneuronal storage, norepinephrine release, structure of the nerve 
terminal, receptors, and amine catabolism. 
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Reactions of 2,2 -Dimet hy laziridine - Type A1 kylating 
Agents in Biological Systems 11: 
Comparative Pharmacokinetics in Dogs 


DAVID LALKA’, W. J. JUSKO, and T. J. BARDOS 


Abstract Pharmacokinetic studies in dogs were performed with 
a series of three 2,2-dimethylaziridine antineoplastic agents. These 
alkylating agents were relatively unstable in all aqueous media, 
with half-lives of 9-15 min in whole canine blood. This finding in- 
dicates that the aziridine compounds are capable of undergoing 
destruction in all biological tissues. A pharmacokinetic analysis of 
the plasma concentration uersus time data was performed using a 
two-compartment open model, which includes drug elimination 
from both compartments. The three aziridine compounds showed 
similar pharmacokinetic behavior with respect to their loss from 
plasma, but they exhibited differences in their in uiuo release of a 
potent alkylating intermediate (2,2-dimethylaziridine) and a sec- 
ond product, which was a strong inhibitor of pseudocholinesterase. 


Keyphrases 2,2-Dimethylaziridines-reactions in biological 
systems, comparative pharmacokinetics in dogs 0 Aziridines- 
2,2-dimethylaziridine-type alkylating agents, reactions in biologi- 
cal systems, comparative pharmacokinetics in dogs 0 Antineoplas- 
tic agents-reactions of 2,2-dimethylaziridine-type alkylating 
agents in biological systems, comparative pharmacokinetics in 
dogs 0 Pharmacokinetics-2,2-dimethylaziridine-type alkylating 
agents in biological systems, dogs 
~~ 


The 2,2-dimethylaziridine-type alkylating agents 
ethyl bis(2,2-dimethylaziridinyl)phosphinate (I), 
bis(2,2 - dimethylaziridiny1)phosphinylurethan (II), 
and tris(2,2-dimethyl-l-aziridinyl)phosphine oxide 
(111) have been shown to possess significant antitu- 
mor activity in a number of animal systems (1-3) and 
in humans (4-6). One characteristic chemical proper- 
ty is their unusually rapid hydrolysis with concomi- 
tant loss of their alkylating activity (7). 


Since the effectiveness of an alkylating agent is 
probably a function of its reactivity toward various 
nucleophilic targets and of its local concentration and 
contact time with these targets, the in uiuo activity of 
these particularly unstable alkylating agents is an in- 
teresting phenomenon and suggested that a study be 
made of the pharmacokinetic behavior of these drugs. 
The plasma concentration-time curves for such 
agents represent useful data for the scientific appli- 
cation of these drugs to the treatment of neoplastic 
diseases. Furthermore, a pharmacokinetic study of a 
series of agents with related structures could provide 


useful information for the design of new antineoplas- 
tic drugs. 


This report describes the pharmacokinetic behav- 
ior of 1-111 in the dog following various routes of ad- 
ministration and the identification of 2,2-dimethyla- 
ziridine (IV) as part of the metabolic pathway of I 
and I11 in the plasma of dogs. 


EXPERIMENTAL 


Materials-The reagents used in the stability studies, phar- 
macokinetic studies, and analytical procedures were purchased 
and/or purified as described previously (7). 


Analytical Procedures-The measurement of alkylating 
activity and the quantitative analysis of samples were performed 
with 4-(p-nitrobenzyl)pyridine, using the previously reported pro- 
cedures (7). 


Stabil i ty Studies-The rate of loss of 1-111 in var- 
ious buffers, urine, plasma, and whole blood was studied. The 
methodology used was described previously (7). 


Pharmacokinetie Studies-Male mongrel dogs, 20-28 kg, 
were fasted for approximately 18 hr before drug administration. 
The animals were lightly anesthetized with pentobarbital sodium, 
and one cephalic vein was catheterized for the collection of blood. 
Preliminary studies showed that the 2,2-dimethylaziridine com- 
pounds were stable in alkaline solution. Therefore, they were pre- 
pared for injection by dissolution in 5 ml of 0.05 M NaZC03 (pH 
adjusted to 11.0) or 


All three compounds were administered by intravenous injec- 
tion, while I1 was also given by intramuscular injection into the 
gluteal muscle and by injection into the peritoneal cavity. Pre- 
treatment with proadifen hydrochloride’ [2-(diethylamino)- 
ethyl-2,2-diphenylvalerate hydrochloride] involved a dose of 20 
mg/kg sc 1 hr before the administration of 11. 


Sample collection (sufficient blood to perform two to five deter- 
minations) was accomplished quickly (in about 20 sec) because of 
the rapid rate of change of plasma drug concentration. The time of 
sampling was assumed to be the midpoint of this brief collection 
interval. The catheter was maintained open by filling it with a hep- 
arin solution (100 units/ml in 0.9% NaCl). The contents of the 
catheter were discarded before each sample was drawn. The other 
mechanical features of sample handling were performed as de- 
scribed previously (7). 


M KOH. 


RESULTS 


Stability Studies-The in uitro stability of 1-111 was mea- 
sured in various buffers and biological media, using a broader varia- 
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Table I-Rate of Destruction of Compounds 1-111 in 
Various Media 


Half-Life, min 


Medium, Temperature, p H  I 


Heparinized human blood, 36', 17 
7.360 


7.36 


7.36 


7.38 


7.40 


7.480 


7.48 


Heparinized human blood, 25", - 


Heparinized human plasma, 37', - 


Citrated human plasma, 36', 32 


Citrated human plasma, 25O, 


Heparinized canine blood, 36O, 15 


Heparinized canine plasma, 36', 48 


44 
Sodium phosphate, 0.066 M, 36', 42 


Sodium bicarbonate, 0.60 M, 25 O ,  136 


Sodium hydroxide, 0.001 M, 25', >153 


- 


Human urine, 37", 7 .80b 


7.50 


7 .SOa 


10.9 


I1 I11 


11 7 


39 


26 


32 25 


92 


12 8 


42 28 


31 22 
23 


- 


- 


- 


- 


103 60 


>170 >60 


Potassium hydrogen phthalate, 2.0 1 .0  <0.5 
0.01 M, 25', 5 .0b 


TLC examination of samples drawn a t  various times indicated that a t  
least 95% of the alkylating species was parent compound. The trace alkylat- 
ing substance occasionally observed after incubation had the chromato- 
graphic characteristics of 2,2-dimethylaziridine. A few percent of alkylatimg 
activity remained after more than 10 half-lives of parent compound. In this 
case, TLC studies confirmed that 2,Z-dimethylaziridine was the residual 
alkylating species. 


tion of experimental conditions than in previous studies (7) to as- 
sess factors that might effect their in uiuo destruction. As shown in 
Table I, they react rapidly in plasma, urine, and whole blood. The 
shorter half-time in whole blood as compared to plasma suggests 
that cells can provide nucleophilic targets for reaction with these 
agents. 


The data from the experiments in buffer solutions show that 
compounds of this series behave similarly in that they are very un- 
stable in acidic media (pH 5) but do not undergo measurable hy- 
drolysis in 3 hr at pH 10.8. For this reason, these drugs were pre- 
pared for injection in alkaline vehicles and the blood samples were 
alkalinized quickly after collection. 


Pharmacokinetic Studies-The time course of plasma con- 
centrations of I following intravenous administration to three dogs 
is shown in Fig. 1. The results obtained in the individual animals 
are nearly identical and show rapid, biphasic disposition with a 0- 
phase half-life of about 7.3 min. Compounds I1 and 111 behaved in 
a similar manner (Figs. 2 and 3). 


The metabolic inhibitor' was also administered to a dog receiv- 
ing 11. As shown in Fig. 2, there was essentially no difference in 
plasma levels of I1 in pretreated uersus unpretreated animals. This 
suggests that microsomal oxidative enzymes do not play a major 
role in the biotransformation of 11. In fact, the stability data in 
various biological media (Table I) suggest that these aziridine 
compounds are eliminated primarily by hydrolysis and chemical 
reaction with cellular constituents. 


One dog was given half of the usual dose of I1 (Fig. 2). The plas- 
ma concentrations of the drug were almost exactly 50% of those 
observed following the normal dose (12 mg/kg). This suggests that, 
over the clinically useful range (4-6), the pharmacokinetic behav- 
ior of this compound is not dose dependent in the mongrel dog. 


Pharmacokinetic Analysis-The plasma concentration, C,, 
uersus time, t ,  data observed following intravenous administration 
of the drugs were computer fitted to the biexponential equation: 


(',, = L4c,"' + Re-"' (Jh. 1) 


by nonlinear least-squares regression analysis (8). The parameters 


SK&F 525-A. 
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Figure 1-Time course of I in plasma following rapid intra- 
venous administration of 12 mg/kg to three dogs. Key :  0, 
Dog 1 ;  0, Dog 2 ;  A, Dog 3; and 0, points obtained by the 
method of residuals. The curves were obtained by computer 
least-squares regression of all data simultaneously. 


A and B are zero-time intercepts and a and 0 are disposition slope 
constants. The solid lines in Figs. 1-3 show the least-squares com- 
puter f i t  to the experi,mental data, and the calculated parameters 
are listed in Table 11. The 95% confidence limits for the plasma 
half-life of I ( t l &  = 7.3 min) in the @-phase are 4.2 and 10.4 min. 


Th6 pharmacokinetic model chosen for further analysis of these 
data is depicted in Scheme I. A two-compartment system was se- 
lected because the plasma concentration data were biexponential, 
showing both distribution and elimination phases. Drug loss from 
both the peripheral (rate constant k , )  and central (rate constant 
K , I )  compartments was incorporated into this model because, as 


= 10 - 
0 '. 
z 5 -  


t- 


I- z w 
0 


0 
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*. 
*- 


2 
a a 


z 1 -  


0.1 L, I .  1 I 


5 10 15 20 25 30 35 
MINUTES 


Figure 2-Time course of 11 in plasma following intravenous 
administration of 12 rng/kg (0), 12 mg/kg following pre- 
treatment with proadifen hydrochloride (0) , 6 mglkg nor- 
malized to 12 mg/kg (@), and multiple doses of 12 mg/kg 
(m) treated by the method of superposition. 
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shown in Table I, these aziridine compounds are destroyed in all 
aqueous media under physiological conditions. 


A detailed solution to this type of model was evolved recently 
(9). Therefore, the Appendix contains only the equations that 
provide numerical parameters of interest with regard to the phar- 
macokinetics of 1-111 and of other alkylating agents (10-12). 


The least-squares regression parameters, as well as some calcu- 
lated pharmacokinetic constants, for 1-111 are listed in Table 11. 
From these data, it can be seen that the volume of the central com- 
partment, V,, for all of these agents exceeds the plasma volume of 
the dog (about 0.05 literkg). This indicates that these compounds 
distribute rapidly out of the plasma into tissues. The total body 
clearance, Cl,, of these agents is extremely rapid; for example, 
Compound I11 is cleared at  a rate of about 2200 ml/min. 


Further direct pharmacokinetic analysis of the data is not realis- 
tic, because it is not possible to quantitate the rates of loss of these 
compounds in the plasma and tissue compartments of the model 
separately. However, since a nonspecific mechanism of elimination 
appears to account for loss of 1-111 from the body, some relation- 
ship probably exists between k, and K,1. The relative t 112 values 
for 1-111 in the media listed in Table I provide some indication of 
the rate of reaction of this agent with cellular components, but the 
in vivo situation is complicated by the possibility that hepatic and 
renal mechanisms are also involved in the removal of these drugs. 
Therefore, various k A . 1  ratios were assumed in seeking an array 
of possible analytical solutions to the two-compartment model and 
‘to demonstrate the magnitude of error in such estimations. 


The calculated transfer (k 1 2  and k 2 3 and elimination (K.1 and 
k,) rate constants for I are listed in Table 111. When k, is allowed 


5 1  
4 a 


10 20 30 45 60 75 90 
MINUTES 


Figure 4-Plasma concentrations of 11 at various times follow- 
ing intraperitoneal injection of 12 mglkg to two dogs. 


to vary in the range 0.25 K,I I k, I 2K,1 (a realistic range), the 
transfer rate constants only change by a factor of about two. How- 
ever, it is not possible to obtain unique numerical values for these 
parameters for any of the agents because of the uncertainty of the 
rate of loss of compound in extravascular fluids. 


Effect of Administration Route-The intramuscular injec- 
tion of I1 has been used clinically (4), and the intraperitoneal route 
has been used during animal experimentation (3). Therefore, blood 
level data following administration of I1 by these routes were ob- 
tained and are shown in Figs. 4 and 5. 


The area under the plasma concentration-time curves (AUC) 
following intraperitoneal or intramuscular administration was sub- 
stantially less than that observed following intravenous dosing. 
This incomplete drug availability is probably caused by destruc- 
tion of the drug at the site of injection. The AUCi,’s for two dogs 
were 58 and 62% of the AUCi,, while the intramuscular route yield- 
ed 58 and 69% in two other dogs. The limited availability of this 
compound uia the intramuscular route suggests that the dose of 
drug should probably be increased when this route is used clinical- 


Decomposition Studies-Thin-layer chromatograms of 
plasma extracts from dogs treated intravenously with 1-111 were 
examined for the parent compound and other 44p-nitrobenz- 
y1)pyridine-reactive substances, using a previously described spray 
reagent (7). 2,2-Dimethylaziridine (IV), a minor hydrolysis prod- 
uct of 1-111 (see Table I and Ref. 7), was observed in extracts from 
dogs treated with I and 111, but i t  could not be identified unequivo- 
cally in the extracts from dogs treated with 11. 


The quantity of IV found after injection of I11 was more than 
could be expected on the basis of simple hydrolysis (estimated 
from the size and intensity of the spots on at least three TLC 
plates from each dog and compared with cochromatographed stan- 
dards). Therefore, it is suspected that some 111 is metabolized to 
IV. The quantity of IV generated from I probably could have aris- 
en uia simple hydrolysis. 


The extraction step of the TLC procedure for the identification 
of alkylating compounds recovers about 40% of IV added to a sam- 
ple of canine whole blood and about 80% of 1-111. The procedure 
for the quantitative estimation of alkylating agents in whole blood 
recovers about 95% of I and 111 and about 60% of 11. However, only 
about 10% of IV is recovered by this method. Therefore, the curves 
presented in Figs. 1-3 may be viewed as representing plasma con- 
centration of the parent compound with little or no interference 
from IV. 


Since an appreciable amount of IV is formed from 111 and some 
is formed from I, it seemed worthwhile to obtain plasma concen- 
tration-time data for IV. The only animals that received IV had 
received an intravenous dose of another alkylating agent prior to 
the experiment. A dose of 16 mg/kg was used. A t  least 100 min was 
allowed to elapse between the doses of the two drugs. Blood sam- 
pling was confined to about the same postinjection period when 
the 2,2-dimethylaziridine phosphoramides were studied. 


Because the extraction procedure recovers so little compound 
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Figure 5-Plasma concentrations of 11 at various times follow- 
ing intramuscular injection of a dose of 12 mg,’kg to two dogs. 
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Table 11-Least-Squares Regression Parameters and 
Pharmacokinetic Constants for Compounds 1-111 


~~ 


Parameter-, units I I1 111 


A ,  rg mf- '  42 46 41  
a, min- 0.409 0.413 0 . 6 8  
B, pg ml-* 8.5 7 . 6  12 
6, min-1 0.095 0.074 0.14 
V,, liters kg-1 0 . 2 4  0.225 0 .25  
Area, min pg ml-1 191 214 142 


Cle, ml min-1 1530 1375 2200 
t i /@, min 7.3 9 .7  5 .O 


Go, rg ml.--' 50.5 5 3 . 6  53 


a Data normalized to a dose of 12 mg/kg. 


(lo%), it is necessary to interpret the results of these experiments 
conservatively. However, these experiments seemed worthwhile 
because they might help to  show that IV does not cause interfer- 
ence in the blood level measurements following the administration 
of 111. Comparison of Figs. 6 and 3 supports the view that the log- 
linear phase observed following the administration of 111 repre- 
sents the plasma concentrations of 111 with little interference from 
IV, because the rates of decline of plasma alkylating activity be- 
tween 15 and 40 min are very different following administration of 
111 and IV. 


Furthermore, IV appears to possess pharmacokinetic character- 
istics that are quite different from those of 1-111. This may have 
some importance in the future design of 2,2-dimethylaziridines. 
That is, given the bis(2,2-dimethylaziridinyl)phosphine oxide 
structure, the nature of the group attached to the R position seems 
to have very little influence upon the pharmacokinetic characteris- 
tics of the compound. Since dimethylaziridine seems to act quite 
differently, it might be worthwhile to examine the effect of linking 
2,2-dimethylaziridine to groups other than the phosphoryloxy moi- 
ety. 


Preliminary data concerning the generation of a potent cholines- 
terase inhibitory intermediate from I1 were reported (13), and a 
comparative study of 1-111 was performed previously (14). These 
data show that the hydrolysis products of I cause substantially 
more cholinesterase inhibition (measured as inhibition of the pro- 
caine esterase activity of horse serum cholinesterase) than do the 
hydrolysis products of I1 and tnat 111 produces very little inhibito- 
ry intermediate(s). Since some clinical toxicity caused by I1 (5, 15) 
has been attributed to cholinesterase inhibition, and since it has 
been suggested that this intermediate may be pharmacologically 
important, it seems essential to consider the effects of the parent 
compound, IV, and the cholinesterase inhibitor intermediate(s) in 
the pharmacology and toxicology of 1-111. 


DISCUSSION 


Chemotherapeutic Implications-A tumor could behave as a 
portion of the highly perfused central compartment (possible ex- 
amples are renal and bronchogenic carcinomas) or as a portion of 
the lesser perfused peripheral compartment (perhaps carcinoma of 
the breast), or it might not be visualized at all by compartment 
modeling (possibly tumors of the central nervous system). Thus, it 
is of interest to examine the time course of drug levels outside of 
the central compartment. Because the three agents studied have 


5 - 1  \ 
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Figure 6-Plasma levels of I V  at various times following intra- 
venous administration of a dose of 16 mg/kg to two dogs. The 
plasma concentrations of dimethylaziridine have been con- 
verted to alkylating activity corresponding to micrograms of 
111 per milliliter. 


similar pharmacokinetic properties, only the data for I (Fig. 1) will 
be analyzed. 


By using Eqs. A9 and A10 (Appendix), the time course of drug 
in the central and peripheral compartments was calculated, using 
the various possible pharmacokinetic rate constants in Table 111. 
As shown in Fig. 7, the quantity of drug in the peripheral compart- 
ment reaches a maximum (X;"") in about 5 min. The time re- 
quired to reach this maximum is independent of k,. However, an 
interesting phenomenon occurs with respect to the total amount of 
drug passing through the peripheral compartment. As the value of 
k ,  increases, the value of X t  increases while the amount-time pro- 
file of drug in the central compartment remains constant. 


Thus, as the ability for destruction of the drug increases in the 
peripheral compartment, it appears that more drug is shunted into 
this site in order for an identical plasma drug concentration curve 
to be seen. This is evidenced by the concomitant increase in k 12, 


and the decrease in k21,  and also by the increase in V p  and tis- 
sue clearance, C ~ T ,  as k ,  increases (Table 111). In view of the un- 
usually rapid hydrolysis of 1-111 at  pH below 7.5 (Table I), it  seems 
reasonable to assume that the magnitude of k ,  largely reflects the 
rate of hydrolysis of the drug. This should be particularly the case 
if tumor tissues, which are known to be relatively acidic (pH -6), 
form part of the peripheral compartment. 


These pharmacokinetic considerations (Table 111 and Fig. 7) 
suggest that, given two drugs producing identical plasma concen- 
trations a t  equal doses or infusion rates, the agent that hydrolyzes 
more rapidly may be more effective against tumors of the periph- 
eral compartment because more of the drug will be located in the 
tissues a t  a given time. Although only limited data are available (1, 
2), 111 does seem to be more effective than I in this type of tumor. 


There is another interesting aspect of this interpretation. It was 
reported previously from this laboratory (16) that the EDw values 
for a large series of alkylating agents correlate well with the rates 
of hydrolysis of these agents when the tumor studied was probably 
acting as a portion of the peripheral compartment (Walker carci- 
noma 256, transplanted subcutaneously in the flank region of male 
rats). Thus, the rate of hydrolysis of these compounds may influ- 
ence both their chemotherapeutic activity and their pharmacoki- 
netic behavior and could be a major correlative parameter in struc- 
ture-activity studies. 


Table 111-Effect of Extravascular Elimination on the  Calculated Pharmacokiiietic Constants for Compound I 


2, 
Ratio of C?, C L .  CLT, 
k,:K,l k , ~ ,  min-1 k2,, min-1 Kel, min-1 k,, min-1 Vp, liters" XP'", mga mg/literb ml/mln ml/min 


0 0 -093 0.148 0.263 0 9 -52 44 1 1 . 9  1531 0 ~~ ~~ ~ . . _ _  
0 .1  0.108 0.123 0.249 0.0249 10.05 52 ii . 9  1449 82 
0 . 2  0.133 0.103 0.223 0.0446 11.05 63 1 1 . 9  1298 233 
0 .25  0.145 0.095 0.211 0.0527 11.52 6 8  1 1 . 9  1228 303 
0 .5  0.199 0.069 0.157 0.0786 13 .63  9 3  1 1 . 9  913 618 
1 .o 0.261 0.053 0.0951 0.0951 16 .08  122 1 1 . 9  553 978 
2 .o 0.304 0.045 0.0515 0.103 17 .75  142 1 1 . 9  300 1231 


~~ ~~~~ 


a Calculated usmg Eq. A10. * Calculated from: C y  = X Y / ( V d * *  - Vc).  
~~~~ 
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Figure 7-Amount of I in the central compartment (+-O) 
and i n  the peripheral compartment as a function of time assum- 
ingk, = 0 (-),kr = 0.2K,~ (----),kr = 0.5Kst (-.-.-.I, 
and k, = K.1 (-. .-). 


APPENDIX 


The differential equations that describe the two-compartment 
model shown in Scheme I are: 


and: 


where the initial conditions are X,O = dose and Xto = 0. 
These equations can be solved using LaPlace transforms and 


matrix algebra. Equations for the various rate constants were pro- 
vided by Suzuki and Saitoh (9) as follows: 


.4ifl - u )  k,, = A+B + a - k ,  


- k,,k, K =-- 
''I k L l  + k ,  


(Eq. A3) 


(Eq. A4)  


(Eq. Ati) 


Values for the biexponential parameters A, 01, B, and 0 are ob- 
tained by fitting the experimental data to Eq. 1. In addition, the 
volume of the central compartment, V,, and the steady-state vol- 
ume of distribution can be calculated as follows: 


V ,  = dase/CPo = dose/(A + B )  (Eq. A7) 


The amounts of drug in the central, X,, and peripheral, X,, com- 
partments as a function of time are: 


X , O ( h l  + k ,  - f f )e-ul  + X,O(k2, + k ,  - P)e.i" x, = P - f f  f f - 8  
(Eq. A9) 


Numerical Evaluation of Rate Constants-Equations ASA6 
allow the calculation of k12, k21, and K.1 when given known 
values of k,. This is not feasible in the present study; thus the 
values of the various rate constants must be approximated by re- 
lating the value of k, to that of K,1. In the present situation, it is 
assumed that k, is proportional to K,I  by the relationship: 


k ,  = zK,I (Eq. All) 


where z is a nonnegative real number. Solution of Eq. A4 by sub- 
stituting Eqs. A l l ,  A3, and A5 yields: 


cup - I ;  


Crossmultiplying and equating the entire expression to zero yield: 


A 0  + Ba o = a@ + [-*a - zP + ( 2  - 1) A + K,, + zK,,?] 


Solution of this quadratic equation for any z yields one positive 
root for K,I.  The values of k,, k21, and k 1 2  can then be obtained 
from Eqs. A l l ,  A3, and A5, respectively. 


Clearance Parameters-The body clearance, ClB, is a model- 
independent parameter which can be calculated from: 


Cl H = doselarea (Eq. A14) 


where area is the total area under the plasma concentration versus 
time curve obtained either by trapezoidal approximation or by in- 
tegration of Eq. 1. The plasma clearance, Cl,, is usually considered 
to reflect the sum of processes such as renal and hepatic clearances 
of drug from the plasma or central compartment and is obtained 
from: 


C1, = (Kei ) (V2 (Es- '415) 


The body and plasma clearance terms are often used inter- 
changeably, but they are actually identical only when elimination 
does not occur outside of the central compartment. When elimina- 
tion takes place in the peripheral compartment, the body clearance 
should obviously exceed the plasma clearance. It is, therefore, use- 
ful and appropriate to define the difference between the two 
values as the tissue clearance. The calculation involves: 


('lr = C1" - c1, (Eq. A16) 


Comparison of such clearance values provides an indication of 
the relative contribution of central and peripheral compartment 
clearance mechanisms to overall elimination of the drug from the 
body. 
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Cycloalkanones V: Synthesis, Distribution, and 
Effects on Triglyceride Metabolism 


IRIS H. HALL =, ROBERT G. LAMB *, MEI-HENG H. MAR, 
GERALD L. CARLSON. and CLAUDE PIANTADOSI 


~ 


Abstract 0 The 14C-labeled 2,8-dibenzylcyclooctanone was syn- 
thesized to study its absorption, distribution, and excretion in rats. 
Maximum drug absorption from the GI tract occurred between 12 
and 14 hr after administration. The major organs possessed maxi- 
mum amounts of the drug in 1 hr, with the liver concentrating the 
most with 6.56% 14C and the muscle mass reaching a maximum of 
41% 14C after 14 hr. The drug remained in the GI tract over the 
first 6 hr and was associated with the lipid and glycogen fractions. 
Eighty-seven percent was eliminated in the feces after 72 hr. 2,8- 
Dibenzylcyclooctanone caused a significant reduction in oitro of 
dihydroxyacetone phosphatase acyltransferase and sn-glycerol-3- 
phosphate acyltransferase, which is the proposed mechanism for 
the observed in oioo reduction of hepatic, intestinal, and serum 
triglycerides and total glycerolipids. I n  oiuo administration of the 
drug resulted in a depression of liver acid phosphatidyl phospha- 
tase, acid phosphatase and lipase, and adipose lipase. The drug in- 
creased the rates of excretion of exogenous cholesterol, palmitic 
acid, and progesterone. 


Keyphrases Cycloalkanones-synthesis of radiolabeled 2,B-di- 
benzylcyclooctanone, tissue distribution, effects on triglyceride 
metabolism, rats 2,8-Dibenzylcyclooctanone, radiolabeled-syn- 
thesis, distribution to tissues, effects on triglyceride metabolism, 
rats 0 Triglyceride metabolism-effects of 2,8-dibenzylcyclooctaa- 
none 0 Hypolipidemic activity-2,8-dibenzylcyclooctanone 


Previously, the synthesis and hypolipidemic activi- 
ty of cyclooctanone derivatives were reported (1). In 
these studies, 2,8-dibenzylcyclooctanone (I) lowered 
serum cholesterol by 50%, triglyceride by 42%, and 
glycerol by 31% in Sprague-Dawley rats. The struc- 
ture-activity relationship of some derivatives was re- 
ported (2), delineating the minimum requirement for 
hypocholesterolemic activity in this series of com- 
pounds. 


In a continuing effort to study the mechanism of 
action, I was labeled with I4C and studies were con- 
ducted on absorption, distribution, and excretion. 
Studies also were performed on the effects of I on tri- 
glyceride metabolism. 


EXPERIMENTAL 


Organic Synthesis-The chemical method used for isotopic la- 
beling of I was derived from that of Piantadosi et al. (1). Sodium 
(0.5 g) was dissolved in 12.5 ml of absolute ethanol, and the solu- 
tion was cooled to room temperature. Four milliliters of this solu- 
tion was added to a mixture of benzaldehyde (650 mg, 6.13 
mmoles) and cyclooctanone (386.8 mg, 3.065 mmoles) in a 10-ml 
round-bottom flask equipped with a condenser protected by a 
drying tube. The mixture was stirred at  room temperature for 4 hr. 
At this time, 5 ml of water was added and the mixture was extract- 
ed three times with 10 ml of benzene. 


The combined extracts were evaporated to yield a viscous resi- 
due, and the residue was purified by silica gel column chromatog- 
raphy (35 g, 2.4 X 30 cm). Benzene was used as an eluent, and the 
first 130 ml of eluent contained no product. The desired 2.8-diben- 
zylidenecyclooctanone was obtained in the next 60 ml, and this el- 
uate was evaporated to yield 320 mg (35%) of pure 2,8-dibenzyli- 
denecyclooctanone as a pale-yellow solid, mp loa l loo  [lit. mp 
10%llOo (1) and mp 111' (3)]. 


Ten percent palladium-on-carbon (50 mg) and sodium methyl- 
ate (30 mg) were added to a solution of 2,8-dibenzylidenecyclooc- 
tanone (320 mg, 1.06 mmoles) in 25 ml of ethyl acetate. The mix- 
ture was hydrogenated until exactly 2.12 mmoles of hydrogen was 
absorbed. The catalyst was filtered and washed with 5 ml of hot 
ethyl acetate. The filtrate was evaporated to yield a viscous resi- 
due, which was purified by silica gel column chromatography (12 g, 
1.2 X 40 cm), using benzene as the elution solvent. Fractions of 2 
ml were collected. After a forerun of 56 ml, 32 ml was collected and 
evaporated to dryness. All fractions were shown to contain only I 
by TLC [Rf 0.72 in benzene-chloroform (95:5)]. The yield was 190 
mg (62%), mp 82-83' [lit. (1) mp 82-83']. 
14C-2,8-Dibenzylidenecyclooctanone and 14C-2,8-Dibenzyl- 


cyclooctanone-The identical procedure as described for the 
preparation of unlabeled I was utilized. For the first run, 581 mg of 
benzaldehyde and 69.15 mg (1.5 mCi) of benzafdehyde-(carbon- 
yl-14C)' (2.25 mCi/mmole) were used. The labeled compound ob- 
tained was identical to the unlabeled compound in Rf value. The 
1%-labeled I (192 mg) (22% yield based on the starting material) 
was obtained with a specific activity of 460 pCi/mmole (1.5 pCi/ 
mg). 


For the second run, 31.3 mg (2 mCi) of benzaldehyde-(carbonyl- 
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Effect of Compaction on Particle Size 


K. A. KHAN* and C. T. RHODES” 


Abstract Compressed tablets were prepared on a hydraulic 
press a t  several different compaction pressures by a standardized 
technique, using aspirin, dicalcium phosphate dihydrate, calcium 
phosphato-carbonate, alumina, and microcrystalline cellulose. All 
tablets except microcrystalline cellulose contained a cation-ex- 
change resin as disintegrant. The particle-size spectra of the disin- 
tegrating compacts were evaluated using a particle-size counter or 
an air jet sieve. It is shown that compacts made from different ma- 
terials but of the same initial particle-size spectra disintegrate to 
give particles of a considerably different size. Determination of the 
change in particle size produced by the compaction process pro- 
vides useful insight into the nature of the compaction process. 


Keyphrases 0 Compaction pressure-effect on particle-size spec- 
trum of disintegrating compacts, aspirin, dicalcium phosphate 
dihydrate, calcium phosphato-carbonate, alumina, microcrystal- 
line cellulose 0 Particle size, disintegrating compacts-determina- 
tion, relationship between particle size and nature of compaction 
process Pressure, compaction-effect on particle-size spectrum 
of disintegrating compacts Compressed tablets-evaluation of 
particle-size spectra 0 Tablets, compressed-evaluation of parti- 
cle-size spectra 


The relevance of particle-size control to pharma- 
ceuticals has been recognized for many years. Most 
studies have been concerned with the influence of 
particle size on tableting characteristics (1) or on dis- 
solution rate (2). Several studies reported the effect 
of compressional force on the specific surface area of 
tablets (3, 4) and showed that, as pressure increases, 
specific surface area initially increases and then de- 
creases. 


Studies of the effect of compaction on the particle 
size of a pharmaceutical system may be expected to 
provide data relevant to deciding whether the parti- 
cles within the compact exist as crystal units or ag- 
gregates or have undergone extensive fragmentation. 
Examination of the literature reveals the compara- 
tive paucity of such work. Cid and Jaminet (5) 
showed that the maximum dissolution rate of the as- 
pirin formulations they investigated was obtained 
from the system giving the smallest particle-size dis- 
tribution when the tablet disintegrated. Smith et al.  
(6) proposed that an increase in compressional force 
enhances the dissolution by causing fragmentation 
within the compact. 


Since the effect of compaction pressure on aggre- 
gation or fragmentation within a compact is related 
to the fundamental molecular properties of the mate- 
rial being compressed, it seemed likely that a study of 
particle-size distributions within disintegrating com- 
pacts would help elucidate both compressional prop- 
erties and the effect of compressional force on disso- 
lution behavior. Therefore, it was considered that if 
powders of known particle-size spectra were com- 


pressed and then allowed to disintegrate, evidence of 
fragmentation or interparticulate bonding might be 
obtained. Of course, experimental problems involved 
in the determination of the particle size of disinte- 
grating compacts meant that the data obtained might 
represent relative rather than absolute values, even 
with carefully standardized techniques. 


Five materials were selected for this study: alumi- 
na was chosen as a brittle material that forms unsta- 
ble compacts; aspirin was chosen as a granular, di- 
rectly compressible drug; and microcrystalline cellu- 
lose, dicalcium phosphate dihydrate, and calcium 
phosphato-carbonate complex were chosen as direct’ 
compression diluents. 


EXPERIMENTAL 


Materials-Aspirin’ BP, dicalcium phosphate dihydrate2, and 
calcium phosphato-carbonate complex3 were all screened to obtain 
a -35 + 60 B.S.S4 mesh particle-size fraction (mean particle-size 
fraction 335 pm); fines were removed by use of an air jet sieve5. Be- 
cause the coarse fraction of alumina6 was not compressible, it was 
necessary to use a finer sieve fraction (-100 + 200 B.S.S., mean 
particle size 113 pm). Microcrystalline cellulose7 was used as sup- 
plied by the manufacturer. Magnesium stearate8 was also used in 
the formulations. 


For the dicalcium phosphate dihydrate, calcium phosphato-car- 
bonate complex, and alumina, 3% of the cation-exchange resin9 
was used as disintegrant. For aspirin formulations, 5% of the resin 
was needed. 


Methods-Compacts, 13 mm in diameter, were prepared by 
means of a hydraulic press; the powder samples were subjected to 
known pressures for 30 sec. To effect disintegration of the com- 
pacts without agitation, which might cause particulate fracture, 
the compacts contained a particularly effective disintegrant. In the 
case of the compacts prepared from the insoluble materials (dical- 
cium phosphate dihydrate and calcium phosphato-carbonate com- 
plex), distilled water was used as the disintegration vehicle; for the 
other systems, appropriate saturated solutions were used. 


Particle-size determinations of the disintegrated compacts were 
made using either a particle-size counter10 or air jet sieve5. The 
particle-size counter, with a 400-pm orifice tube, was used where 
the maximum particle size was less than 160 pm. The counter was 
used as described previously (81, with 1% (w/v) sodium chloride as 
the electrolyte. For most of the particle-size determinations, the 
air jet sieve was used. The tablets were allowed to disintegrate and 
then were filtered and dried before sieve analysis. A standard pro- 
cedure was adopted by which the material was sieved for 3 min on 
each British Standard sieve. From the amount remaining on each 
sieve, percentage undersize values were calculated. At least four 
compacts were used for each experiment; the means of the differ- 


1 Monsanto, London, England. 
2 Albright and Wilson, Oldbury, England. 
3 Calfos, London, England. 


British Standard sieve. 
Alpine. 


fi Thermo Syndicate, London, England. 
7 Avicel PH102, Honeywell and Stein, London, England. * B.D.H., Poole, England. 
9 Amberlite IRP 88, Lenning, London, England. 


Coulter. 
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Table I-Effect of Applied Pressure on the Mean Part ic le  
Size of Disintegrated Compac t s  


Mean Part ic le  Size (Micrometers) of Compacts 
a f t e r  Disintegration Containing 
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Calcium 
Applied Dicalcium Phosphato-  


Pressure, Phosphate carbonate 
MNm - 2  Aluminaa Aspirinb Dihydrate* Complex* 


74 - 277 68 208 
149 82 282 100 194 
298 80 272 120 183 
447 66 266 149 177 
597 263 150 180 - 


a Alumina, initial mean particle size 112.5 pm. b Aspirin, dicalcium phos- 
phate dihydrate, and calcium phosphato-carbonate complex, initial mean 
particle size 335 pm. 


ent values, all of which were in good agreement with one another 
( f4%),  were calculated. 


The effect of compaction pressure on the particle-size distribu- 
tion of microcrystalline cellulose, as determined by use of the par- 
ticle-size counter, is shown in Fig. 1. Similar data for aspirin, dical- 
cium phosphate dihydrate, calcium phosphato-carbonate complex, 
and alumina obtained by use of the air jet sieve are shown in Figs. 
2-4. The effect of compaction pressure on the mean particle size of 
the disintegrated compacts is shown in Table I. 


RESULTS AND DISCUSSION 


I t  can be seen in Fig. 1 that an increase in compaction pressurell 
from 74 to 298 MNm-* caused some fragmentation of the micro- 
crystalline cellulose. However, the particle-size distributions of 
compacts prepared a t  446 and 597 MNm-' were very similar to 
that determined at 298 MNm-'. Because this material is known to 
undergo considerable interparticulate bonding by plastic flow (9), 
the results shown in Fig. 1 may initially appear to he somewhat 
strange. Reier and Shangraw (lo), however, proposed that the 
most important factor contributing to  the compaction of micro- 
crystalline cellulose is hydrogen bonding. These investigators stat- 
ed that crystals are compacted close enough so that hydrogen 
bonding between them can occur. The results presented in Fig. 1 
support Reier and Shangraw's (10) hypothesis that, as may he ex- 
pected, penetration of water would interrupt hydrogen bonding 
and break the compact into its original constituents. Thus, the 
curves (Fig. 1) only show fragmentation, which is caused by the ef- 
fect of compression. 


Figure 2 shows the effect of pressure on the particle-size distri- 
bution of compacts prepared from alumina (Fig. 2A) and aspirin 
(Fig. 2B). The compacts prepared from alumina were soft and very 
unstable. Compacts of this material apparently were formed mere- 
ly by fragmentation, which increases slightly with an increase in 
pressure; mean particle size of the disintegrated compacts under- 
goes gradual reduction as the applied pressure increases. There did 
not appear to he any agglomeration or recombination of particles 
as a result of pressure. These results are similar to those obtained 
by Varma et al. ( l l ) ,  who studied the effect of pressure on the par- 
ticle-size distribution of compacts prepared from some brittle ma- 
terials. 


Figure 2B shows the effect of pressure on the particle-size distri- 
bution of compacts prepared from granular aspirin. It seems that 
increasing pressure caused some fragmentation of aspirin crystals; 
the effect, however, was extremely small. The mean particle size 
was reduced from 277 pm when compacted a t  74 MNm-2 to a 
slightly lower value of 263 pm when compacted a t  597.1 MNm-'. 
There was also very little effect on the pattern of particle-size dis- 
tribution. During the initial compression, as rearrangement of 
these crystals takes place, the edges and corners of some crystals 
possibly may he knocked off, thus causing a slight decrease in par- 
ticle size. After this stage, it seems that a strongly bonded system 
has been formed and further increases in pressure, as evident from 


" In this paper, Standard International units of newtons per square meter 
are used for compaction pressures, 1 newton = k g 2 .  
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Figure 1-Effect of pressure on the particle-size distribution of 
disintegrating microcrystalline cellulose compacts. Key: 0, 
before compaction; e, compacted a t  74 M N m + ;  and  0, com- 
pacted a t  298 MNm-2. 


Fig. 2B and Table I, have very little effect on the particle-size dis- 
tribution. These results are supported by the findings of Gander- 
ton (12), who also found that aspirin crystals underwent deforma- 
tion but retained their integrity a t  all practical pressures. 


Figure 3 shows the effect of pressure on the particle-size distri- 
bution of compacts prepared from dicalcium phosphate dihydrate. 
The particle size of this material was reduced after compaction a t  
74 MNm-' (mean size 68 pm), increased again when compacted a t  
149.3 MNm-* (mean size 100 fim), and continued to increase with 
increasing pressure in the pressure range used in this study (Table 
I and Fig. 3). These results are very similar t o  those obtained in 
studies of the effect of pressure on the surface area of compacts (3, 
4) in which the surface area of the compacts initially increased due 
to fragmentation and then decreased due to particle bonding. 


Although the mean particle size of dicalcium phosphate dihy- 
drate compacts clearly indicates the effect of pressure on the com- 


t 
I I 


0 100 200 300 
PARTICLE SIZE. pm 


Figure 2-Effect of pressure on the particle-size distribution of 
disintegrating compacts made from alumina (A) or  aspirin (B). 
Key (A, alumina, original mean particle size 113 pm):  0, 
149 MNm-2; 0, 298 MNm-2; and  e, 446 M N m - 2 .  Key (B, 
uspirin, original mean particle size 336 pm) : e, 149 MNm-l;  
0,298 MNm-2;  ., 447 MNm-2;  a n d  0,597 MNm-2.  
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Figure 3-Effect of pressure on the particle-size distribution 
of disintegrating dicalcium phosphate dihydrate cornpacts 
(original mean particle size 335 pm).  Key: 0, 74 MNm+; 0, 
149 MNm-2;  D, 224 MNm-2; A, 298 MNm-2; m, 372 
MNm-Z;andA,447MNm-2. 


pression of this material (Table I), the particle-size distribution 
curves are more informative (Fig. 3). These curves show the great 
amount of fragmentation that occurred during compression, with 
the curve changing from a very narrow size range to a much wider 
distribution. At  low pressure, grinding is the predominant process, 
but as the compression increases, although grinding still continues, 
recombination also takes place and the distribution curve covers a 
greater size range and becomes flatter. These curves show that 
fragmentation occurs initially during compression; but as the com- 
pression is increased, bonding also takes place. Thus, the mean 
particle diameter and specific surface area will depend on the bal- 
ance of these two processes which, in turn, depend upon the ap- 
plied pressure. 


Figure 4 shows the effect of pressure on the particle-size distri- 
bution of compacts prepared from calcium phosphato-carbonate 
complex. The effect of pressure on the particle-size distribution of 
this substance apparently is very similar to that of aspirin; once a 
strongly bonded system has been formed, a further increase in 
pressure causes very little fragmentation. The behavior of this ma- 
terial on compression differs from that of dicalcium phosphate 
dihydrate in that the former undergoes less fragmentation on com- 
pression and, after initial fragmentation, a further increase in pres- 
sure does not cause any apparent bonding and recombination of 
particles, as shown by the compression of dicalcium phosphate 
dihydrate (Figs. 3 and 4 and Table I). 


Previously, it was shown that calcium phosphato-carbonate 
complex has somewhat superior compression properties to that 
shown by dicalcium phosphate dihydrate (7). Calcium phosphato- 
carbonate complex produces harder tablets a t  lower pressure; its 
compressibility also appears to be higher than that of dicalcium 
phosphate dihydrate. The results presented in Fig. 4 indicate that, 
although the increase in pressure causes some fragmentation, the 
curve changes from one of a narrow range to that of a much wider 
distribution. Mean particle size decreases only slightly with in- 
creasing pressure (Table I). From these results and those reported 
previously (7), it appears possible that calcium phosphato-carbon- 
ate complex is a useful direct compression diluent which forms a 
strongly bonded system at a low compaction pressure. 


In conclusion, it seems that compacts of different materials 
made from the same initial particle size and compressed at the 
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Figure 4-Effect of pressure on the particle-size distribution of 
disintegrating calcium phosphato-carbonate compacts (original 
mean particle size 335 pm). Key: 0, 149 M N m - 2 ;  0, 298 
MNm-2;0,447MNm-2;and.,672MNm-2. 


same pressures show different size distributions, which appear to 
be indicative of their compaction behavior. The techniques of esti- 
mating particle-size distribution of disintegrated compacts can be 
a useful guide to the compression properties of a formulation. 
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Water-Sorption Properties of Tablet Disintegrants 


K. A. KHAN * and C. T. RHODES 


Abstract The water-sorption properties of four tablet disinte- 
grants, starch, sodium carboxymethylcellulose, sodium starch gly- 
colate, and a cation-exchange resin, were examined in the form of 
powders and in compressed tablets prepared from calcium phos- 
phate dibasic dihydrate. Dissolution properties of the tablets com- 
pare well to the water-sorption properties. The effect of storage in 
the presence of water vapor upon tablets containing the various 
disintegrants was evaluated in terms of tablet hardness and disin- 
tegration time. Differences in the effects produced in the various 
tablet formulations can be related to the differing mechanisms 
whereby the disintegrants effect tablet rupture. Photomicrogra- 
phic data support the conclusions drawn from the water-sorption, 
disintegration, and dissolution studies. Sodium starch glycolate 
and the cation-exchange resin merit careful consideration by for- 
mulators using calcium phosphate dibasic dihydrate or similar di- 
rect compression matrixes. 


Keyphrases 0 Water sorption of tablet disintegrants (starch, so- 
dium carboxymethylcellulose, sodium starch glycolate, cation-ex- 
change resin)-disintegration and dissolution, powders and calci- 
um phosphate dibasic dihydrate tablets Tablet disintegrants 
(starch, sodium carboxymethylcellulose, sodium starch glycolate, 
cation-exchange resin)-water sorption of powders and calcium 
phosphate dibasic dihydrate tablets, disintegration, dissolution 


Previously, the disintegration and dissolution 
properties of tablets containing sodium starch glyco- 
late and a cation-exchange resin were reported (1 ,2) .  
The results of these evaluations clearly showed that 
both the cation-exchange resin and sodium starch 
glycolate are extremely efficient disintegrants in a 
variety of tablet systems. The objective of the pres- 
ent study was to examine the water-sorption proper- 
ties of these disintegrants in an attempt to evaluate 
the basic factors controlling their disintegrant action. 
Starch and sodium carboxymethylcellulose were in- 
cluded for comparative purposes. 


EXPERIMENTAL 


Materials-The following were used: calcium phosphate dibasic 
dihydratel (unmilled), corn starch2 BP, sodium salicylate2, ama- 
ranth2 BPC, a cation-exchange resin2, sodium starch glycolate4, so- 
dium carboxymethylcellulose5, and magnesium stearate6. 


Dried Disintegrant Powders-The dried disintegrants were 


Albright and Wilson, Oldbury, England. 
J. M. Loveridge, Southampton, England. 
Amberlite IRP88, Lennin London, England. 
Primojel, Slater, Winsfor$England. 


British Drug Houses, Poole, England. 
’ Courlose P20, British Celanese, Coventry, England. 


Table I-Effect of Humidity on Disintegration Properties 
of Calcium Phosphate Dibasic Djhydrate  Tablets, 
Containing Several Disintegrants, Stored at 100% Relative 
Humidi ty  at 37” [Punch Size 1.1 cm (7/ls in.) F la t ]  


Disintegration Time, min 


Disintegrants, Ini- 
10% (w/v) tial 2 hr 4 hr 8 hr 22hr 30hr 


Starch 15= 15= 15@ 15a 15“ 150 
Sodium carboxy- 43 50 50 55 55 60 


Sodium starch 0 .6  2 .8  7 .0  13.0 15 15 


Cation-exchange 0.83 2.0 7.0 8.0 60 60 


methylcellulose 


glycolate 


resin 
~ 


Particles remaining. 


exposed to 100% relative humidity a t  3 7 O .  Two replicate readings 
of water uptake, always in good agreement, were obtained at  vari- 
ous times over 25 hr. Figure 1 shows the water sorption by the 
disintegrant as a function of time. 


Tablet Containing 10% Disintegrant-Calcium phosphate 
dibasic dihydrate was chosen as the excipient because of i t s  very 
low equilibrium moisture content (2.5%). Furthermore, tablets 
made from the material were easier to handle after having ab- 
sorbed moisture than were other tablets, such as those prepared 
from lactose. 


The tablets containing 10% disintegrant were made using 1.1-cm 
(7/16-in.) flat punches on a single-punch tablet press7. All tablets 
were made under the same conditions of pressure and die fill set- 
tings. Fifty tablets of each formulation were used for the water- 
sorption study. Five lots of 10 tablets of each formulation (one lot 
for each time interval of 5, 10, 15,20, and 25 hr) were weighed and 
labeled individually; their thickness and diameter measurements 
were taken, using a micrometer, before and after exposure to 100% 
relative humidity. 


Figure 2 shows the water uptake by these tablets as a function of 
time. The results of expansion and thickness changes accompa- 
nying water sorption are presented in Figs. 3 and 4. (Changes in 
density reflect overall structural changes, whereas individual mea- 
surement of thickness and diameter changes allows observation of 
whether expansion occurs preferentially in, or a t  right angles to, 
the plane of compression.) These tablets were also tested for disin- 
tegration times using the BP method and for hardnessg. The effect 
of storage on disintegration time and hardness of tablets prepared 
from calcium phosphate dibasic dihydrate is shown in Tables I and 
11. 


To express the relative affinities for water of these disintegrants, 
the term “absorption efficiency” was used; it is calculated in a sim- 
ilar way as dissolution efficiency (3). Figures 5 and 6 show the ab- 
sorption efficiencies of pure disintegrants and of the disintegrants 


Manesty F3. 
Manesty disintegration tester. 
Erweka hardness tester. 
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Evaluation of a Dynamic Permeation Technique for 
Studying Drug-Macromolecule Interactions 


F. BOTTARI, G. Di COLO, E. NANNIPIERI x, 
M. F. SAETTONE, and M. F. SERAFINI 


Abstract The applicability of a permeation rate technique to 
the determination of drug-macromolecule interactions was tested 
by measuring the extent of interaction of methylparaben with 
polyvinylpyrrolidone and polysorbate 80. Results were in agree- 
ment with literature data obtained by other techniques. The pres- 
ent method, although restricted to permeant molecules that dif- 
fuse readily through nonporous nylon membranes, is of potential 
value for investigations of drug binding by macromolecules not re- 
tained by porous dialysis membranes. 


Keyphrases 0 Permeation rate technique for determining drug- 
macromolecule interactions-tested using methylparaben with 
polyvinylpyrrolidone and polysorbate 80 Drug-macromolecule 
interactions-determination by permeation rate technique, com- 
pared to literature dialysis data 


The phenomena of drug-macromolecule interac- 
tions have received wide attention in recent years in 
view of their relevance to drug absorption, transport, 
and overall availability. Dynamic dialysis’ techniques 
have been successfully applied to the study of such 
interactions (1-3). These methods consist of the mea- 
surement of the rate of disappearance of a small mol- 
ecule from a macromolecule-containing compartment 
under quasi-steady-state conditions. Their applica- 
tion purportedly offers some advantages (rapidity, 
economy, simplicity, etc. ) over other time-honored 
techniques but is limited by the fact that porous dial- 
ysis membranes are pervious to many macromole- 
cules of pharmaceutical interest. 


Analogous techniques involving nonporous, lipid- 
like membranes have been proposed. Permeation 
rate methods (using nylon and dimethylpolysiloxane 
membranes) were applied to the study of complex 
formation between small molecules (4, 5). Nakano (6) 
investigated the interaction of chlorpromazine with 
several macromolecules, using a permeation rate 
method with dimethylpolysiloxane membranes, but 


’ The term dialysis is reserved here for a process involving diffusion 
through porous membranes, while permeation refers to diffusion through 
nonporous membranes. 


his experimental system did not allow quantitative 
estimates of free and bound drug. 


Nylon, whose permeability characteristics have 
been described (7), appeared to be an interesting 
membrane material for the study of drug-macromol- 
ecule interactions by a quasi-steady-state permeation 
rate technique. The purposes of this preliminary in- 
vestigation were to evaluate the technique and to 
compare the results with literature data obtained by 
equilibrium dialysis. 


EXPERIMENTAL 


Materials-Methyl p-hydroxybenzoate‘ was recrystallized 
from methanol to a constant melting point of 127-128’. Polysor- 
bate 80:’ and poly~inylpyrrolidone~ were used as received. Nylon 6 
(polycaprolactam) film from a single roll5, in a labeled thickness of 
0.5 mil (0.00127 cm), was used. 


Apparatus-The permeation rate experiments were run with a 
specially designed cell (Fig. 1). The cell interior could be easily 
cleaned between experiments by removing the upper part (A) 
without disturbing the membrane. The nylon membrane was se- 
curely kept in place by a circular metal plate (C). Fluid tightness 
was ensured by two O-ring gaskets fitted in machined dies in the 
upper and lower part of the cell body (B). All parts in contact with 
the solution were either stainless steel or polytetrafluoroethylenefi 
to avoid absorption of the diffusant by the cell material. 


The approximate internal volume was 30 ml, and the diameter 
of the area available for diffusion was 6.0 cm. For use, the cell was 
placed in a jacketed beaker (internal height of 10.0 cm, internal di- 
ameter of 12.0 cm) connected to a thermostatted (30 f 0.1O) water 
bath and circulator. Both the “internal” (cell) and “external” (bea- 
ker) solutions were stirred by synchronous motors’. One motor (60 
rpm) was connected to the cell stirrer; the other (500 rpm) oper- 
ated a magnetic stirrer. 


T o  obtain reproducible results, newly cut membranes were 
soaked for a t  least 3 days in several changes of distilled water at  
35’. Soaking a t  lower temperatures or for shorter times resulted in 
progressively decreasing permeation rates until an apparent stabi- 
lization occurred. This phenomenon resulted probably from insuf- 


Carlo Erha. Milano. Italy. 


Plasdone C, GAF Corp., New York, N.Y. 
:I Tween 80, Atlas Europol SPA, Varese, Italy. 


r, Capran 77 C, Lot G1705283, Allied Chemical Corp., Morristown, N.J 
:Tellon, E.I. du Pont de Nemours & Co., Wilmington, Del. 
’ Crouzet S.A.. Paris, France. 


946 I Journal of Pharmaceutical Sciences 







n 


\ - - -  / 


A 


B 


C 


figure 1-Cell used for the permeation experiments; see text 
for details. 


ficient hydration and/or removal of leachable constituents from 
the membrane. An increase in the density of polycaprolactam fi- 
bers on washing, due to  removal of low molecular weight compo- 
nents, was reported previously (8). 


Permeation Rate Studies-The cell was positioned in the bea- 
ker containing 200 ml of distilled water. After equilibration, a t  t = 
0, a 15-ml portion of prewarmed (30") diffusing solution was intro- 
duced into the cell and stirring was initiated. A 100-ml portion of 
the external solution was periodically removed and immediately 
replaced with an equal amount of prewarmed water. T o  approxi- 
mate sink conditions, care was taken that the external concentra- 
tion never exceeded one-tenth of the concentration of the diffu- 
sant inside the cell. 


The removed samples were analyzed spectrophotometricallfl 
(255 nm) for methylparaben. The concentration of the diffusing 
solution (C,) a t  different times was calculated by difference from a 
knowledge of the initial concentration (C;") and of the cumulative 
amount that had appeared in the receiving solution. In the present 
case, analysis of the diffusing solution a t  the end of several prelim- 
inary runs proved that absorption of the diffusant by the cell- 
membrane complex was minimal or a t  least within the range of ex- 
perimental error. It was calculated, using data of Patel and Naga- 
bushan (9) for the interaction of methylparaben with nylon film, 
that  the amount of permeant sorbed by the membrane under the 
present experimental conditions should not exceed 2.6% of the 
total. 


Data  Treatment-Each experiment was repeated a t  least four 
times. In the case of linear plots, the data were fed to a desk elec- 
tronic computerg fitted with a linear regression program for com- 
putation of regression parameters and statistics. All linear regres- 
sions were highly significant ( p  < 0.005), and deviations from line- 


Beckman DU spectrophntometer 
9 Olivetti Programma 101. 


arity were not significant. The coefficient of variation for the 
slopes of replicate permeation experiments, carried out on consec- 
utive days with the same membrane, was in all cases within the 
range of 4-1 1%, thus indicating a satisfactory reproducibility. 


For nonlinear plots, the C, uersus time data were fitted to a 
four-parameter biexponential equation (e.g., C, = ae-bi + ce-di) 
with the aid of a digital computer'". Differentiation of the equa- 
tion allowed calculation of the concentration of unbound diffusant 
(C,) a t  various values of C, (cf., Eq. 3 ) .  The procedure is essentially 
similar to that described by Meyer and Guttman (1). 


RESULTS AND DISCUSSION 


Figure 2 shows the results of permeation rate experiments in 
which methylparaben (initial Concentration of 400 mg/liter, about 
2.63 X mole/liter) alone or in the presence of polyvinylpyrro- 
lidone [concentration range of 1-4% (w/v)] was allowed to escape 
through nylon film. The plots are expressed as log C,/C," uersus 
time, C, being the concentration of diffusant a t  time = t ,  and C,O 
being the concentration at t = 0. A linear relationship between log 
C,/C,, and time was observed in all cases. 


In the absence of the macromolecule, the following expression of 
Fick's law applied to the transfer of a solute through a nonporous 
membrane, under quasi-steady-state conditions, may be consid- 
ered valid: 


where D', the permeability coefficient, is a function of the diffu- 
sion coefficient of the solute within the membrane and of the par- 
tition coefficient of the solute between the membrane and the so- 
lution; A and X are the area and thickness of membrane, respec- 
tively; and V, is the volume of solution inside the cell. 


The value of the permeability coefficient (D') of methylparaben 
through nylon film a t  30°, calculated from the permeation data in 
the absence of a macromolecule using Eq. 1, is 37.4 X cm2/sec, 
which is in good agreement with values reported by Kostenbauder 
et al .  ( 7 ) ,  36.8-38.8 X 


As shown by the graphs in Fig. 2, in the presence of increasing 
concentrations of polyvinylpyrrolidone, a linear relationship be- 
tween log fC,/C!") and time was always observed; the lines showed 
progressively decreasing slopes with an increasing macromolecule 
concentration. Similar graphs, showing the effect of an increasing 


cm'/sec. 
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Figure 2-Plots for the rate of permeation of rnethylparaben 
alone ( A )  and in the presence of 1.0% (w/v)  ( B ) ,  2.0% ( W / U )  
(c), 3.0% (w/v)  (D), and 4.0% (w/u) (E)  polyvinylpyrroli- 
done. The initial concentration of methylparaben was 2.63 X 


molelliter. 


") IBM 370/158; nonlinear least-squares regression program BMDX85 (W. 
d.  Dixon, "Biomedical Computer Program, X-Series Supplement," Universi- 
ty of California Press, Berkeley. Calif., 1970). 
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Figure 3-Plots for the rate of permeation of methylparaben 
alone ( A )  and in the presence of 0.5% (w/u) ( B ) ,  1.0% (w/u)  
(C), 1.5% (w/u) (D),,2.0% (w/u) ( E l ,  and 2.5% ( w / u )  ( F )  
polysorbate 80. The inrtaal concentration of methylparaben ww 
2.63 X molelliter. 


polysorbate 80 concentration [0.5-2.5% (w/v)] on the permeation 
rate of methylparaben, a t  the same initial concentration (400 mg/ 
liter), are presented in Fig. 3. The decreased slopes observed in the 
presence of macromolecules provide evidence of an interaction of 
the diffusant with the macromolecules. Indeed, the permeation 
rate in the absence of the macromolecule can be described by the 
following equation: 


- dC,/dt = K,C, 0%. 2) 


where K ,  = D'A/V,X (Eq. l ) ,  and C, is the total concentration of 
methylparaben in the diffusing solution. In the presence of the 
macromolecule, Eq. 2 becomes: 


- dC,/dt = K,Cf 0%. 3) 
where C, is the concentration of unbound diffusant inside the cell. 
The experimental results in the presence of the macromolecule can 
be described by an equation of the type: 


- dC,/dt = K,'C, (Eq. 4) 


where K,' is the experimentally observed slope. Combination of 
Eqs. 3 and 4 gives the following: 


cflc, = K,'/K, 


which shows the relationship existing between the relative amount 
of unbound diffusant (C//C,) and the ratio (R) of the slope ob- 
served in the presence of the macromolecule to the slope observed 
in the absence of the macromolecule. The ratio of the concentra- 
tions of total to free p-hydroxybenzoate (C,/C/), calculated from 
the experimental data using Eq. 5, is plotted in Fig. 4 as a function 
of the concentration of polyvinylpyrrolidone and of polysorbate 80. 
Data obtained for polyvinylpyrrolidone (10, 11) and for polysor- 
bate 80 (12) are also reported for comparison. The agreement be- 
tween the present data and the previously reported data, obtained 
by equilibrium dialysis techniques, appears quite good. The some- 
what lower binding values reported by Jurgensen Eide and Speiser 
(11) are probably due to the lower temperature (22O) of their ex- 
periments. The same investigators (1 1) observed an increasing 
binding tendency of propylparaben with polyvinylpyrrolidone with 
rising temperature. 


The following expression, which describes the rate of disappear- 
ance of diffusant from the cell as a function of its total (Ct), bound 
f c b ) ,  and free ((21) concentrations can be obtained from Eq. 3, con- 
sidering that c, = CI + c b :  


(Eq. 6) 


As shown by Eq. 6, the permeation process in the presence of a 


I I I 


1 2 3 4 5 
MACROMOLECULES, '% (w/v) 


Figure 4-Plots of the Ci/Cf ratio of methylparaben versus 
polyvinylpyrrolidone ( A )  and polysorbate 80 ( B )  concentra- 
tions. Key:  + + +, data of Jurgensen Eide and Speiser (11);  
A, data of Miyawaki et al. (10);  0, present experimental data; 
----, data of Pate1 and Kostenbauder (12); and and the 
uertical lines, present experimental data. 


binding macromolecule follows first-order kinetics only if cb /c / ,  
the ratio of concentrations of bound to free permeant, remains 
constant during each experiment. The linearity of the graphs in 
Figs. 2 and 3 points, in fact, to a constant cb/c/ ratio. In the case of 
the interaction of methylparaben with polyvinylpyrrolidone, this 
finding appears to agree with previous data (10, 11). Data for the 
interaction of methylparaben with polysorbate 80 (12), however, 
indicate a constant cb/c/ ratio only at  a low total permeant con- 
centration (up to about 6.0 X mole/liter). The observed con- 
stancy of this ratio in the present experiments might, therefore, 
depend on the low total concentration range of methylparaben ex- 
plored in each permeation run. 
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Figure 5-Plots for the rate of permeation of methylparaben 
alone (A ,  initial concentration of 1.0 X rnole/liter) and 
in the presence of 3.0% (w/u) ( B )  and 5.0% (w/u) (C) poly- 
sorbate 80. In the latter two cases, the initial concentration was 
2.96 X mole/liter. 
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Figure 6-A Cb versm Cf plot for methylparaben i n  the pres- 
ence of 3.0% (w/v) ( A )  and 5.0% (w/v) ( B )  polysorbate 80. 
K e y :  0, data of Patel and Kostenbauder (12); and -, present 
experimental data (cf., plots of Fig. 5) .  


The results of permeation experiments, in which a higher initial 
concentration of methylparaben (1.0 X mole/liter in the ab- 
sence and 2.96 X molehiter in the presence of the macromole- 
cule) and higher concentrations of polysorbate 13.0 and 5.0% (w/v)] 
were used, are illustrated in Fig. 5. As shown by the graphs, under 
these conditions a linear relationship between log (C,/C,d and 
time was no longer observed. On the basis of Eq. 6, this finding in- 
dicates a variation of the cb/cf ratio in the course of the perme- 
ation experiments. The values of cb and C/ corresponding to dif- 
ferent values of C, were calculated in this case by treating the data 
as indicated in the Experimental section. The values obtained are 
reported in Fig. 6 as a c b  versus Cf plot, together with the corre- 
sponding data from Patel and Kostenbauder (12). The agreement 
appears satisfactory. 


The graphs in Fig. 6 show, for each permeation experiment in 
the presence of the macromolecule, a CJC, range rather than the 
constant value observed in the experiments a t  lower permeant con- 
centration. Such CJCf ranges are indicated in Fig. 4 as vertical 
lines. It is quite possible that the CJC, ratio might vary within a 
small range also a t  low methylparaben concentrations; the present 
experimental technique, however, could not detect such variation, 
as shown by the apparent linearity of the graphs in Figs. 2 and 3. 


Graphs of the type illustrated in Fig. 4 have been proposed to fa- 
cilitate the determination of the quantity of preservative to be 
added to systems containing known concentrations of surfactants. 
Appropriate use of such plots is made if the user recognizes that 
the CJC, ratio is a linear function of the macromolecule concentra- 


tion only at that fixed concentration of free preservative (Cf) that  
corresponds to the minimum effective concentration required for 
the desired biological activity. As shown, an  apparent linear rela- 
tionship between the Ci/C/ ratio and S, the surfactant concentra- 
tion, may be observed only when the CdCI ratio is practically con- 
stant for each given S value over a range of total preservative con- 
centrations (CA. This may occur either a t  low C, values (as in the 
present case) or at constant Cf. Full discussions of the problems in- 
volved and the methods for expressing the preservative-surfactant 
interactions can be found in Refs. 13 and 14. 


In conclusion, the present data point to the utility of quasi- 
steady-state permeation rate techniques for reasonably fast and 
accurate quantitative determinations of binding of drugs by mac- 
romolecules. These techniques, although restricted to permeants 
that  diffusg readily through nonporous membranes, can be useful 
for studies of binding by macromolecules not retained by porous 
dialysis membranes. Further work, aimed at a fuller evaluation of 
the scope and limitations of this experimental approach, is now 
underway. 
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BOOKS 


REVIEWS 


Strategy of D r u g  Design: A Molecular Guide to Biological 
Activity. By W. P. PURCELL, G.  E. BASS, and J. M. CLAY- 
TON. Wiley-Interscience, Wiley, New York, N.Y., 1973. 193 pp. 
14.5 X 22.5 cm. Price $9.95. 
Comprehensively yet concisely written in a step-by-step man- 


ner, this is a very useful book to introduce students, medicinal 
chemists, and drug designers to the structure-activity relationship 
study from a mathematical approach. The book consists of six 
chapters and four appendixes, with an author index and a subject 
index. 


The introductory chapter presents a historical background of 
the development of various mathematical models. This is followed 
by three chapters on linear free energy related (extrathermody- 
namic) models, wherein the Hammett equation, Hansch calcula- 
tions, Free-Wilson model, among others, are illustrated to corre- 
late physicochemical properties (hydrophobic, steric, electronic, 
e t c . )  of a given molecule with its biological activity. Two following 
chapters on de nouo model present a statistical approach for tabu- 
lating and ranking substituent group contributions to biological 
activity. 


While correlations between calculated and observed biological 
activities in a closely related series of compounds are sometimes 
successful, the mathematical approach has presently found its use- 
fulness mainly in correlating in uitro biological activities (enzyme 
inhibitory action, for example) and, in a limited extent, predicting 
semiquantitative and largely qualitative structure-activity rela- 
tionships. The reason, as the authors wisely point out, is: “. . . that  
this approach does not represent a panacea to drug design and that 
biological systems are not ready to lie quietly while we dissect and 
probe with neat, mathematical models and laws of physics.” 


Although a molecule may exert its activity as such in uitro, i t  
often undergoes various metabolic changes such as hydrolysis, hy- 
droxylation, cyclization, esterification, reduction, oxidation, and/ 
or ring cleavage, to name just a few. Furthermore, there are factors 
which can influence metabolism of a given compound or drug, e.g., 
animal species, strain, age, sex, size of dose, route of administra- 
tion, presence of other foreign compounds, temperature, time of 
day, and diet, which are rather difficult to consider and gather in a 
few equations. The authors very aptly review the efforts made to 
bring some order to a complex sequence of events by illustrating 
the nine hydrophobic, eight steric, 54 electronic, and eight miscel- 
laneous parameters for the use in the linear free energy related 
model. However, for in uiuo studies, these factors or parameters 
may not be additive. 


Although the development of a few equations with some inter- 
esting correlations of experimental results is a far cry from “Drug 
Design,” the mathematical approach is nevertheless a meaningful 
one which can be used and continuously developed for the study of 
structure-activity relationships. In this regard, the authors as well 
as other workers in this field are to be congratulated and encour- 
aged for being involved in this undertaking. 


Reviewed by C .  C. Cheng 
Midwest Research Institute 
Kansas City,  MO 641 10 


T h e  Chemistry and Biochemistry of the Sulfhydryl Groups in 
Amino Acids, Peptides and Proteins. By MENDEL FRIED- 
MAN. Pergamon Press, Elmsford, NY 10523,1973. vii + 485 pp. 
18 X 26 cm. Price $22.50. 
The main focus of the book is the sulfhydryl group (SH). The 


scientific literature is extensively reported and critical comment is 
offered. Division of the book is into 16 chapters, each devoted to a 
particular topic. 


The first chapter deals with the pKa and K, of the SH group in 
the aminothiol with greatest emphasis on methods used in their 


determination. A critical evaluation of the methods is offered. 
Chapters 2-9 cover a wide variety of reactions of SH groups. 


Reactions of SH and other groups with transition metals are dis- 
cussed in the second chapter. The affinity of SH for transition 
metals is related to the involvement of SH groups and metals in 
active sites of enzymes and in chelates. 


In the next chapter the role of the SH group in protein structure 
is presented. Major emphasis is placed on the return of protein de- 
natured by reduction of the disulfide bonds to the original struc- 
ture by oxidation. 


Reactions through which SH groups can be eliminated from pro- 
tein and the products of the reactions are considered in Chapter 5. 
The importance of these reactions to food, wool, leather, and other 
technologies is illustrated. 


Chapters 6-8 cover reactions through which SH groups may be 
modified. Chapter 6 deals with organic halides and epoxides. 
Chapter 7 emphasizes transfer of groups from S to N and S to S. 
Chapter 8 deals with the mechanisms through which simple thiols 
can be used to break disulfide bonds in protein. Practical applica- 
tion of the latter reactions are considered, for example, in relation 
to SH content of flour and bread quality. 


Procedures for introducing thiol groups into proteins are dis- 
cussed in Chapter 9. The primary areas of concern are synthesis of 
new cysteines, procedures used in thiolation, and methods used to 
protect S H  groups during peptide synthesis. 


The use of thiols as radioprotectives with various proposed 
mechanisms and conflicts is the focus of the next chapter. Consid- 
eration is given to factors such as the influence of pH and oxygen. 


A number of methods for analysis for SH and S-S content of 
protein are included in Chapter 11. 


Chapter 12 reports on the different reactivities of SH groups in 
proteins and the relation of enzyme activity and protein structure. 


The involvement of SH groups in active sites of enzymes is con- 
sidered next (Chapter 13). Major emphasis is on methods used to 
determine reaction mechanisms of S H  enzymes. 


Chapter 14 outlines several of the known biosynthesis routes for 
thiols. Involvement of SH in other aspects of metabolism is also 
discussed. Sulfhydryl groups are involved in certain cases in detox- 
ification reactions. Mechanisms of reaction are considered. 


The final chapter of the book is turned to the practical applica- 
tion of S H  chemistry to disease and drug action. 


The wide variety of topics covered in the book would make it of 
interest to any serious student of S H  chemistry or biochemistry. 
Although discussion of the literature is often only fragmentary, 
entry into the literature is provided by extensive references. The 
critical evaluation of the literature provides insight into problems 
present in SH research and also points out conflicts which could 
lead to needed research. 


Reuiewed by William M. Hadley 
College of Pharmacy 
Uniuersity of New Mexico 
Albuquerque, N M  87131 


Front iers  in Catecholamine Research. Proceedings of the Third 
International Catecholamine Symposium Held a t  the University 
of Strasbourg, Strasbourg, France, May 20-25, 1973. Edited by 
E. USDIN and S. H. SNYDER, Pergamon Press, Elmsford, NY 
10523, 1973. 1219 pp. 17.5 X 26 cm. Price $50.00. 
This challenging title holds in 1219 pages eight broad topics 


with 210 papers which were presented at the Third International 
Catecholamine Symposium in May 1973. “The Impact of Mono- 
amine Research on Drug Development” deals with mechanisms of 
drug action, e.g., drugs affecting biosynthesis, the amine pump, in- 
traneuronal storage, norepinephrine release, structure of the nerve 
terminal, receptors, and amine catabolism. 
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Cycloalkanones V: Synthesis, Distribution, and 
Effects on Triglyceride Metabolism 


IRIS H. HALL =, ROBERT G. LAMB *, MEI-HENG H. MAR, 
GERALD L. CARLSON. and CLAUDE PIANTADOSI 


~ 


Abstract 0 The 14C-labeled 2,8-dibenzylcyclooctanone was syn- 
thesized to study its absorption, distribution, and excretion in rats. 
Maximum drug absorption from the GI tract occurred between 12 
and 14 hr after administration. The major organs possessed maxi- 
mum amounts of the drug in 1 hr, with the liver concentrating the 
most with 6.56% 14C and the muscle mass reaching a maximum of 
41% 14C after 14 hr. The drug remained in the GI tract over the 
first 6 hr and was associated with the lipid and glycogen fractions. 
Eighty-seven percent was eliminated in the feces after 72 hr. 2,8- 
Dibenzylcyclooctanone caused a significant reduction in oitro of 
dihydroxyacetone phosphatase acyltransferase and sn-glycerol-3- 
phosphate acyltransferase, which is the proposed mechanism for 
the observed in oioo reduction of hepatic, intestinal, and serum 
triglycerides and total glycerolipids. I n  oiuo administration of the 
drug resulted in a depression of liver acid phosphatidyl phospha- 
tase, acid phosphatase and lipase, and adipose lipase. The drug in- 
creased the rates of excretion of exogenous cholesterol, palmitic 
acid, and progesterone. 


Keyphrases Cycloalkanones-synthesis of radiolabeled 2,B-di- 
benzylcyclooctanone, tissue distribution, effects on triglyceride 
metabolism, rats 2,8-Dibenzylcyclooctanone, radiolabeled-syn- 
thesis, distribution to tissues, effects on triglyceride metabolism, 
rats 0 Triglyceride metabolism-effects of 2,8-dibenzylcyclooctaa- 
none 0 Hypolipidemic activity-2,8-dibenzylcyclooctanone 


Previously, the synthesis and hypolipidemic activi- 
ty of cyclooctanone derivatives were reported (1). In 
these studies, 2,8-dibenzylcyclooctanone (I) lowered 
serum cholesterol by 50%, triglyceride by 42%, and 
glycerol by 31% in Sprague-Dawley rats. The struc- 
ture-activity relationship of some derivatives was re- 
ported (2), delineating the minimum requirement for 
hypocholesterolemic activity in this series of com- 
pounds. 


In a continuing effort to study the mechanism of 
action, I was labeled with I4C and studies were con- 
ducted on absorption, distribution, and excretion. 
Studies also were performed on the effects of I on tri- 
glyceride metabolism. 


EXPERIMENTAL 


Organic Synthesis-The chemical method used for isotopic la- 
beling of I was derived from that of Piantadosi et al. (1). Sodium 
(0.5 g) was dissolved in 12.5 ml of absolute ethanol, and the solu- 
tion was cooled to room temperature. Four milliliters of this solu- 
tion was added to a mixture of benzaldehyde (650 mg, 6.13 
mmoles) and cyclooctanone (386.8 mg, 3.065 mmoles) in a 10-ml 
round-bottom flask equipped with a condenser protected by a 
drying tube. The mixture was stirred at  room temperature for 4 hr. 
At this time, 5 ml of water was added and the mixture was extract- 
ed three times with 10 ml of benzene. 


The combined extracts were evaporated to yield a viscous resi- 
due, and the residue was purified by silica gel column chromatog- 
raphy (35 g, 2.4 X 30 cm). Benzene was used as an eluent, and the 
first 130 ml of eluent contained no product. The desired 2.8-diben- 
zylidenecyclooctanone was obtained in the next 60 ml, and this el- 
uate was evaporated to yield 320 mg (35%) of pure 2,8-dibenzyli- 
denecyclooctanone as a pale-yellow solid, mp loa l loo  [lit. mp 
10%llOo (1) and mp 111' (3)]. 


Ten percent palladium-on-carbon (50 mg) and sodium methyl- 
ate (30 mg) were added to a solution of 2,8-dibenzylidenecyclooc- 
tanone (320 mg, 1.06 mmoles) in 25 ml of ethyl acetate. The mix- 
ture was hydrogenated until exactly 2.12 mmoles of hydrogen was 
absorbed. The catalyst was filtered and washed with 5 ml of hot 
ethyl acetate. The filtrate was evaporated to yield a viscous resi- 
due, which was purified by silica gel column chromatography (12 g, 
1.2 X 40 cm), using benzene as the elution solvent. Fractions of 2 
ml were collected. After a forerun of 56 ml, 32 ml was collected and 
evaporated to dryness. All fractions were shown to contain only I 
by TLC [Rf 0.72 in benzene-chloroform (95:5)]. The yield was 190 
mg (62%), mp 82-83' [lit. (1) mp 82-83']. 
14C-2,8-Dibenzylidenecyclooctanone and 14C-2,8-Dibenzyl- 


cyclooctanone-The identical procedure as described for the 
preparation of unlabeled I was utilized. For the first run, 581 mg of 
benzaldehyde and 69.15 mg (1.5 mCi) of benzafdehyde-(carbon- 
yl-14C)' (2.25 mCi/mmole) were used. The labeled compound ob- 
tained was identical to the unlabeled compound in Rf value. The 
1%-labeled I (192 mg) (22% yield based on the starting material) 
was obtained with a specific activity of 460 pCi/mmole (1.5 pCi/ 
mg). 


For the second run, 31.3 mg (2 mCi) of benzaldehyde-(carbonyl- 


Amersham Searle. 
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Table I-Percent Recovery (Mean f Standard Deviation) of Radioactivity in the GI  Tract of Male Sprague-Dawley 
Rats following Oral Administration of 14C-2,8-Dibenzylcyclooctanone (20 mg/kg) 


Sample (n = 6) 0.083 hr 0.25 hr 0.50 hr l h r  2 h r  6 h r  


Esophagus content 0.501 f 0.159 0.194 0.086 f 0 . 0 3 2  0.152 f 0 . 1 0 2  0.107 f 0 . 0 6 4  0.123 f 0 . 0 6 6  
Stomach content 85.17 f 2 . 6 5  53.41 f 1 0 . 3 2  52.97 f 6 . 2 5  31.54 f 9 . 9 1  21.64 f 5 . 4 3  7.21 f 0 . 8 1  
Stomach 2 . 6 6 f 0 . 5 3  1 3 . 7 f 2 . 6 1  5 . 7 0 f 4 . 0 3  7 . 8 0 f 5 . 1 3  4 . 7 2 f 1 . 5 3  6 . 9 9 ~ t 3 . 5 6  
Small intestine 0 . 6 1 5 f 0 . 1 7 1  4 . 9 1 f 1 . 8 7  9 . 7 2 f 7 . 1 8  2 0 . 2 f 5 . 2 2  3 2 . 7 f 9 . 1 4  2 9 . 5 f 2 . 4 2  


Small intestine 0.358 f 0 . 1 3 0  8 .70  f 2 . 1 0  8.92 f i . 3 5  14.45 f 2 . 2 5  19 .6  f 2 . 6 5  7 .81  f 2 . 7 9  
Cecum content 0.020 f 0 . 0 2 4  0.160 f 0 . 0 6 0  0.042 f 0 . 0 4 8  0.103 f 0 . 0 6 3  0.216 f 0 . 1 1 6  22.7 f 3 . 6 7  
Cecum 0.025 f 0 . 0 2 3  0.160 f 0 . 0 8 1  0.048 f 0 . 0 2 4  0.035 f 0 . 0 2 7  0.069 f 0 . 0 5 1  1 . 0 3  f 0 . 2 4 1  
Large intestine 0.017 f 0 . 0 1 6  0.205 f 0 . 0 4 9  0.032 f 0 . 0 2 3 6  0.042 f O . 0 1 0  0.0947 f 0 . 0 1 1 8  7 .03  f 1 . 5 0  


Large intestine 0.078 f 0 . 0 4 1  0.057 f 0 . 0 1 3  0.044 f 0 . 0 3 6  0.241 f 0 . 1 9 4  0.179 f 0 . 1 0 3  0.512 f 0 . 3 5 6  
Head (site of 8 . 3 1 f 0 . 6 5  3 . 6 6 f 1 . 5 2  7 . 0 4 f 2 . 1 0  5 . 0 6 f 3 . 6 6  4 . 8 9 f 0 . 3 3  2 . 5 0 f 0 . 4 2  


content 


content 


administration) 
Feces - - 0 . 1 8 2 f 0 . 1 4 7  0.730 f 0 . 5 8 9  0.762 f 0 . 6 8 1  1 .63  f 0 . 6 5 2  


94.754 85.156 84.734 80.363 84.977 87.035 


Sample ( n  = 6) 14 hr 18 hr 24 hr 48 hr 72 hr 


Esophagus content 
Stomach content 
Stomach 
Small intestine 


Small intestine 
Cecum content 
Cecum 
Large intestine 


content 
Large intestine 
Head (site of 


Feces 


content 


administration) 


0.005 f 0.001 0.089 f 0.021 
2.86 f 1.35  4.42 f 2.76 


0.615 f 0.133 0.596 f 0 . 4 5 1  
10.0 f 3.01  26.6 f 9.78 


1 .31  f 0.81  7.81 f 3.72 
11.8 f 2.03 15 .4  f 3.78 


0.326 f 0.263 3.68 f 1.72  
4.03 It 2.04 0.032 f 0.026 


0.201 f 0 . 2 0 5  0.131 f 0 . 1 1 7  
1.79 =!= 0.88  


18 .8  f 11.7 


2.91 f 0.24 


21.79 f 2.97 
51.737 83.458 


- 
0.530 f 0.014 


5.74 f 0.63 


0.400 =k 0.156 
1 .96  f 0.36 


0.020 f 0.023 
0.115 f 0.010 


0.130 f 0.127 
3.89 =t 0.82 


57.6 f 9.62 
70.385 


~~ 


0.001 f 0 
O.Ql4 f 0 . 0 1 2  
0.021 f 0.025 
2.40 & 1.40 


0.556 f 0.406 
0.356 f 0.047 
0.055 f 0.008 
0.271 f 0 . 0 9 8  


0.032 f 0.028 
1 .69  f 0.49 


76 .1  f 10.6 
81.496 


0.003 f 0.001 
0.061 f 0 . 0 3 1  
0.144 f 0.097 


1 .73  f 2.02 


0.625 f 0.32 
0.625 f 0.605 
0.053 f 0.056 
0.487 f 0.337 


0.127 f 0.119 
2.07 f 0.95 


86 .7  f 20.2 
92.653 


14C)2 (6.8 mCi/mmole) and 619 mg of unlabeled benzaldehyde 
were used. The yield of product, Compound I, was 270 mg (31% 
based on the starting material) with a specific activity of 450 pCi/ 
mmole (1.47 pCi/mg). 


Radioactivity-The radioactivity was measured by placing a 
known volume of material in a scintillation vial; then 10 ml of the 
following scintillation fluid was added: 2,5-diphenyl~xazole~ and 
1,4-bis[2-(5-phenyloxazolyl)]benzene4 in toluene. These vials were 
counted in a scintillation countels, using the channel ratio tech- 
nique to correct for quenching. 


Animals-Male Sprague-Dawley rats6, 120 g, were used. Prior 
to the experiment, the animals were maintained on lab chow7 and 
water ad libitum. 


Compound I was suspended in 1% carboxymethylcellulose solu- 
tion. Each animal was administered 20 mg/kg of I4C-2,8-diben- 
zylcyclooctanone (specific activity 450-460 pCi/mmole) orally by 
an esophageal intubation needle in 0.2 ml of 1% carboxymethylcel- 
lulose. 


Collection of Samples-At appointed time periods (0.083,0.25, 
0.5,1,2,6,12 or 14, 18,24, and 48 or 72 hr), the rats wve killed by 
decapitation; the blood was drained from the carotid artery and 
immediately heparinized (0.2 ml heparin sodiums). The liver, kid- 
neys, brain, heart, testes, adrenal glands, spleen, and each section 
of the GI tract with its contents were excised. The tissues were 
weighed and homogenized with 10 volumes of distilled water (w/v). 
The urine and feces were collected at 0.25,0.5, 1, 2,6, 12, 18,24,48, 
and 72 hr. 


Radioactivity of Freeze-Dried Tissue Samples-These sam- 
ples were lyophilized using a freeze dryerg. Dried samples (-50 mg 
wet weight) were combustedlo, or dried samples were weighed into 


* ICN, Pharmaceutical, Inc. 
PPO, New England Nuclear. 
POPOP, Packard. 
Packard Tri-Carb model 3320. 
Zivic Miller, Allison Park, Pa. 
Purina rodent lab chow. 
Riker Lab Inc., 5000 USP units/ml. 
Virtis automatic model 10-010. 


lo Packard Tri-Carb model 305 sample oxidizer. 


scintillation vials (-10 mg) and 1 ml of tissue solubilizer" was 
added to each vial. These vials were closed tightly and heated to 
55' for 20 hr. Ten milliliters of the following scintillation.fluid was 
added: 10 g of 2,5-bis[2-(5-tert-butylbenzoxazolyl)~thiophene 
(scintillation grade), 200 g of naphthalene, 1500 ml of toluene, 
lo00 ml of methylcellulose, and 89 ml of water12. 


Radioactivity of Wet Homogenate-Aliquots (1 ml) of the wet 
homogenate were placed in scintillation vials, and 2 ml of tissue 
solubilizer was added to each vial; the vials were closed tightly and 
heated to 55' for 20 hr. After cooling to room temperature, 10 ml 
of scintillation fluid was added containing 1,4-bis[2-(5-phenyloxa- 
zolyl)]benzene4 and 10.8 g of 2,5-diphenyloxazole3 in 2 liters of tol- 
uene and 1.2 liters of octoxynol13. Aliquots (0.1 ml) of the tissue 
and feces homogenates were placed on a filter disk14 and dried. 
The head and body were solubilized separately by heating in 2 vol- 
umes of 30% potassium hydroxide at 80' overnight (4). Aliquots 
were taken to determine the radioactivity in scintillation fluid. 
In Vitro Absorption-The stomach and the first half of the 


small intestine were removed from male rats. The contents of each 
portion of the gut were washed out with pH 7.2 Hanke's buffer. 
The radiolabeled drug was dissolved in 1% carboxymethylcellulose 
and placed in the lumen of the gut with an'intubation needle. The 
gut was tied at both ends with No. 40 cotton thread so that no 
leakage of materials occurred. Then the gut was placed in 20 ml of 
pH 7.2 Hanke's buffer reinforced with 1 ghiter of dextrose and 
placed in a shaker15 at 37O. 


A t  intervals of 1 hr, aliquots were taken from the medium bath- 
ing the tissue to determine radioactivity. A t  the end of 6 hr, the ra- 
dioactivity of the contents and a 10% homogenate in water of each 
segment of gut was determined. 
In Vivo Absorption-Male rats were administered 20 mg/kg of 


14C-2,8-dibenzylcyclooctanone orally. The animals were sacrificed 
after 2 hr, and the stomach and duodenum were removed with 


l1 Protosol, 0.5 M, New England Nuclear. '* BBT. 
l3 Triton X-100, Rohm and Haas Co. 
I4 Whatman No. 1. 
l5 Dubnoff. 
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Table 11-Percent Recovery (Mean f Standard Deviation) of Radioactivity in the Tissue of Male Sprague-Dawley Rats 
following Oral Administration of 1~C-2,8-Dibenzylcyclooctanone (20 mg/kg) 


Sample 
(n = 6) 0.083 hr 0 .25  hr 0 .50  h r  l h r  2 h r  6 h r  


Liver 0.120 
Kidneys 0 .015  
Brain 0.026 
Lungs 0.073 
Heart 0 .015 
Spleen 0.004 
Testes 0 .003 
Blood 0 , 0 0 1  
Adrenals 0 .011 
Adipose tissue 0.377 
Muscle mass 0.897 


f 0.009 0.722 f 0.172 1.580 f 0.248 6.563 f 3.63  
f 0.002 0.202 0.225 f 0.192 0.359 f 0.081 
f 0.024 0.097 f 0.014 0.047 i 0.041 0.371' f 0.331 
f 0.056 0.268 f 1.05 0.048 f 0.030 0.214 =t 0.195 
f 0.014 0.253 f 0.248 0.028 f 0.029 0.080 f 0.100 
1 0  0.327 f 0.227 0.021 f 0.020 0.068 f 0.050 
f 0  0.493 f 0.329 0.049 f 0.009 0.362 f 0.051 
f O  0.167 f 0.158 0.015 f 0.003 0.160 f 0.032 
f 0.014 0.395 I!Z 0.231 0.027 f 0.022 0.130 f 0.150 
f 0.230 0.473 =t 0.300 0.356 f 0.129 0.881 =t 0 797 
=t 0.085 5 .05  f 0.037 12.298 f 1.632 12.504 f 6.761 


1 . 5 4  8.447 14.694 21.692 
Total recovery 96.296 93.603 99.428 102.05 


3.565 f 2.02  
0.147 f o . G i  
0 .071 f 0.065 
0.027 f 0.022 
0.035 f 0.034 
0.009 f 0.010 
0.047 f 0.023 
0.045 f 0.041 
0.033 i 0.030 
0.767 f 0.365 
7 .63  f 5 . 4 3  


12.376 
97.353 


2.221 f 0.958 
0.112 f 0.075 
0.013 f 0.010 
0.151 f 0.064 
0.009 f 0.014 
0.006 f 0.010 
0.027 f 0.030 
0.018 f 0.004 
0.008 i 0.001 
0.708 f 0.631 
5.943 f 1.832 


9.215 
96.251 


Sample 
(n = 6) 14  hr 18 hr 24 hr 48 hr 72 hr 


Liver 0 .247 f 0.246 2 . 5 8  f 1 . 1 2  0.165 f 0.233 0.242 f 0.046 0.007 f 0.033 
Kidneys 0.009 f 0.001 0.111 f 0.103 0 0.022 f 0.003 0.058 f 0.009 
Brain 0 0.071 f 0.069 0.055 f 0.028 0.014 i 0.017 0.041 f 0.044 
Lungs 0.070 f 0.072 0.040 f 0.042 0 0 0.066 f 
Heart 0 0.060 f 0.010 0 0.006 f 0.001 0.012 f 0.003 
Spleen 0 0.042 f 0.006 0 0.002 f 0 0.051 f 0.007 
Testes 0 .016  f 0.003 0.069 f 0.066 0 0.021 f 0.031 0.128 f 0.114 
Blood 0 0.026 f 0.005 0 0 .021  f 0.024 0 
Adrenals 0 0.031 f 0.011 0 0.006 f 0 0.050 f 0.008 
Adipose tissue 0.434 f 0.213 0.432 + 0.329 0 0.238 f 0.117 0.018 f 0.016 
Muscle mass 40 .91  f 1.29  7.98 f 1 . 6 4  21.107 f 9.072 7.566 f 3.814 10.788 f 9.532 


41.686 11.242 21.327 8.131 11.319 
Total recovery 93.423 94.692 91.712 89.627 102.972 


their contents. The chyme was removed from the GI tract, and a 
10% homogenate of the tissue or food in 0.25 M sucrose plus 0.001 
M ethylenedinitrilotetraacetic acid was prepared. Aliquots of the 
whole homogenates were extracted three times with chloroform 
and once with 10% methanol-90% chloroform. 


Aliquots were taken from the organic and aqueous extract to de- 
termine radioactivity. Forty milliliters of the aqueous extract was 
treated with 10 ml of 20% trichloroacetic acid and centrifuged to 
obtain a supernate and pellet. Ten milliliters of the whole homoge- 
nates was extracted by the method of Shibko eb al. (5) to obtain 
the ribonucleic acid, deoxyribonucleic acid, lipid, glycogen, and 
protein fractions. 


In Vivo Hepatic and Intestinal Glycerolipid Formation 
from 1.3-14C-Gl~cerol-Male Sprague-Dawley rats, 300-350 g, 
were divided into two groups which received either 0.5 ml of 1% 
carboxymethylcellulose or 10 mg/kg of I suspended in 1% carboxy- 
methylcellulose daily for 5 days by an oral intubation needle. After 
5 days, both control and experimental animals were injected intra- 
peritoneally with 1 ml of isotonic saline containing 5 pCi of 1,3- 
14C-glycerol (6.5 pCilpmole). Seventeen minutes later, the animals 
were anesthetized with ether, the abdomen was opened, and blood 
was removed from the abdominal aorta. The liver and small intes- 
tine were removed, washed with 0.05 M tromethamine-hydrochlo- 
ric acid (pH 7.5), quickly frozen in dry ice-acetone, and stored at 


Lipids from duplicate 1-g samples of tissue were extracted by 
the Bligh and Dyer procedure (6). Serum, hepatic and intestinal 
triglyceride, and serum glycerol levels and the rate of glycerolipid 
formation from 1,3-14C-glycerol were determined by techniques 
described previously (7). The time course of 1,3-14C-glycerol incor- 
poration into intestinal triglycerides and total hepatic and intesti- 
nal glycerolipids was similar to that described for hepatic triglycer- 
ides (7). Therefore, the 17-min time point was used to estimate in 
uiuo hepatic and intestinal triglyceride and total glycerolipid for- 
mation. 


sn-Glycerol-3-phosphate Acyltransferase-Rat liver micro- 
somes were prepared as previously described (8) and incubated 
with 30 mM tromethamine-hydrochloric acid (pH 8.0), 3.3 mM 
magnesium chloride, 0.7 mM dithiothreitol, 50 p M  coenzyme A, 0.5 
mh4 sn-1,3-14C-glycerol-3-phosphate, 3.3 m M  adenosine triphos- 


-40". 


phate, 0.60 mM ammonium palmitate, and 1.25 mg of albumin in a 
total volume of 0.40 ml. These conditions were optimum for total 
glycerolipid formation (8). After a 30-min incubation, reactions 
were stopped by the addition of 3 ml of chloroform-methanol (1: 
2). 


The lipids were extracted by the Bligh and Dyer procedure (6) 
and separated into phosphatidic acid and neutral lipid by TLC in 
a solvent system containing chloroform-methanol-3.5 N ammo- 
nium hydroxide (65:358) (8). Areas of the TLC plates which corre- 
sponded to known lipid standards were scraped into scintillation 
vials, and the radioactivity was determined with a scintillation 
counter. 


Dihydroxyacetone Phosphate Acyltransferase-The incu- 
bation mixture optimum for dihydroxyacetone phosphate esterifi- 
cation contained 1.5 mM dihydroxyacetone phosphate, 1.3 mM re- 
duced nicotinamide adenosine dinucleotide, 25 mM trometha- 
mine-hydrochloric acid (pH 7.5), 1.5 m M  magnesium chloride, 40 
p M  coenzyme A, 2.8 m M  adenosine triphosphate, 0.3 mM di- 
thiothreitol, 0.7 mM l-'4C-palmitate (0.1 pCi), 1.25 mg of fatty 
acid-poor albumin, and 0.3 mg of rat liver microsomal protein in a 
total volume of 0.5 ml. Reactions were started by the addition of 
microsomal protein and stopped after a 30-min incubation'by the 
addition of 3 ml of chloroform-methanol (1:2). Lipids were ex- 
tracted and identified as described for sn- glycerol-3-phosphate 
acyltransferase. 


Lipase, Acid Phosphatase, and Phosphatidyl Phosphatase 
Activity-Rats, 180 g, were treated in the identical manner as 
outlined in the in uiuo studies. After 5 days, the liver and adipose 
tissue were excised and blood was collected so that the following 
enzymatic assays could be performed liver phosphatidyl phospha- 
tase at pH 7.0 (control value = 0.152 mg phosphate released in 30 
min/g wet liver) and a t  pH 5.0 (0.448 mg phosphate released in 30 
min/g wet liver) (9), free acid phosphatase (0.598 mg phosphate re- 
leased in 10 min/g wet tissue), total acid phosphatase (11) (1.798 
mg phosphate released in 10 min/g wet liver), hormone sensitive li- 
pase (10) (6.4 ml of 0.025 N sodium hydroxide/ml of serum) and li- 
polysis (12) (1.7 ml of 0.05 N sodium hydroxide/ml of serum), and 
adipose hormone sensitive lipase (10) (22.5 ml of 0.025 N sodium 
hydroxide/g wet tissue). Inorganic phosphate was determined by 
the procedure of Chen et al. (11). 
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Table 111-Effect of 2,8-Dibenzylcyclooctanone on Serum, Hepatic, and  Intestinal Triglycerides, 
Serum Glycerol, and  Liver Weight 


Triglycerides 


Serum, Hepatic, Intestinal, Serum Glycerol, Liver Weight, 
Experiment (n) m g  % f SEM mg/g f SEM mg/g =I= SEM nmoles/ml f SEM g f SEM 


Control (5) 1 2 8 . 0 - f  22.9 6 . 4 8  f 0 . 6 3  1 4 . 8  f 1 . 9  154.6 f 24.7 1 3 . 1  f 0 . 6  
2,8-Dibenzylcyclooctanone 65.5  f l l . l a  5 .02  f 0 . 7 3  1 0 . 9  f 2 . 3  38.2 f 4.2b  12 .7  f ' 1 . 2  


p _< 0.05 (level of significance from control group). b p  _< 0.001 (level of significance from control group). 


Table IV-Effect of 2,8-Dibenzylcyclooctanone on I n  Viuo Hepatic, Intestinal, and Serum Triglycerides 
and Total Glycerolipid Formation from 1,3- *4C-Glycerol 


Intestine, 
nmoles/l7 min/g f SEM 


Serum, 


min/ml f S E N  
Liver, nmoles/l7 


nmoles/l7 min/g I!C SEM 
Experiment (n) Triglycerides Total  Triglycerides Total Triglycerides 


Control (5) 21 .4  f 3 . 3  3 3 . 1  f 2 . 5  9 5 . 9  f 10.8 131.5 f 14.7  21 .3  f 4 . 9  
2,8-Dibenzylcyclooctanone 7 . 5  f 1.2O 1 3 . 3  f 3.8b 30 .9  f 3.5a 4 5 . 3  f 4.7b 5 . 8  f O.& 


p 2 0.01 (level of significance from control group). b p 5 0.001 (level of significance from control group). 


Lipid Excretion-Other rats, treated identically, were given 
''C-cholesterol (1 pCi), 14C-palmitic acid (2 pCi), or SH-7-proges- 
terone (60 pCi) orally on the 5th day; the feces were collected after 
24 hr. Homogenates of the feces in water were prepared, and ali- 
quots were taken for radioactive determination. The homogenates 
were extracted three times with chloroform and once with chloro- 
form-methanol (9010) to obtain the lipid fraction; this fraction 
was dried and weighed. 


RESULTS 


Distribution of 2,8-Dibenzylcyclooctanone (1)- The 
freeze-dried sample and wet homogenate sample had no significant 
accumulation of 14C-2,8-dibenzylcyclooctanone or its metabo- 
lite@ in the kidneys, heart, brain, testes, or adrenal glands. Since 
there was such a low recovery of 14C in the freeze-dried samples, 
studies were performed on the total animals to determine the per- 
cent recovery of the administered radioactive dose. 


Table I notes the percent recovery of radioactivity in the GI 
tract after oral administration of 14C-2,8-dibenzylcyclooctanone. 
Very high concentrations of 14C were found in the GI tract and its 
contents, representing 7589% of the 14C administered over the 
first 6 hr, with the largest percentage present in the stomach and 
small intestine. After 6 hr, the 14C-2,8-dibenzylcyclooctanone 
began to decrease in the upper GI tract and gradually built up in 
the excreted feces. Table I shows that about 58, 76, and 87% of the 
14C was excreted in the feces 24, 48, and 87 hr, respectively, after 
an oral dosing. 


The total carcass (muscle mass) of the rat reached 41% 14C-2,8- 
dibenzylcyclooctanone after 14 hr (Table 11). The major organs of 
the body reached a maximum absorption of I a t  1 hr. A second 
peak was reached at 18 hr, especially in the liver. Fourteen hours 
probably represents the maximum absorption of the drug from the 
GI tract, since only 31% of the 14C-2,8-dibenzylcyclooctanone re- 
mained in the GI tract a t  this time. 


Organ distribution of 14C-2,8-dibenzylcyclooctanone after oral 
administration is shown in Table 11. These data on whole homoge- 
nates reflect the same conclusions as with the freeze-dried sam- 
ples, whether combusted or not. Only a small percentage (9.2% at  1 
hr) of 14C-2,8-dibenzylcyclooctanone was found in the tissues, and 
the concentration found was in the following order: liver >> adi- 
pose tissue > testes = kidneys = brain > lungs > blood > adrenal 
> heart > spleen. The blood was corrected for a total blood volume 
of 17.5 ml for rats. 


Absorption-Since a large amount of 14C-2,8-dibenzylcyclo- 
octafione was observed in the upper GI tract during the first 6 hr 


l6  Although no metabolites have been identified to date, the 14C-isotope 
would also be distributed in any metabolites. 
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of the percent recovery studies, absorption studies were undertak- 
en to determine why the drug remained there. It had been expect- 
ed that the drug would be lipophilic and be absorbed rapidly. 
However, in vitro incubation studies indicated that after 6 hr 83% 
of 14C-2,8-dibenzylcyclooctanone remained in the stomach in an 
isolated preparation and 84% remained in the small intestine in an 
isolated preparation, indicating that the drug was poorly absorbed 
from either site, which was congruent with the in vivo distribution 
data. 


When homogenates were extracted, it was observed that of the 
total 14C-2,8-dibenzylcyclooctanone present in the GI contents, 
5.6% was in the deoxyribonucleic acid fraction, 10.9% in the ribo- 
nucleic acid, 4.1% in the protein, 38.2% in the lipid, 40.6% in the 
glycogen, and 0.5% in the water. Of the total 14C-2,8-dibenzyl- 
cyclooctanone present in the GI tissue homogenate, 5.0% was in 
the deoxyribonucleic acid, 18.0% in the ribonucleic acid, 1.5% in 
the protein, 33.8% in the lipid, 38.8% in the glycogen, and 2.9% in 
the water. The 14C-labeled drug or its metabolite appears to be iso- 
lated predominantly with the glycogen and lipid fractions in both 
the GI contents (79%) and the GI tissue (73%). 


When whole homogenates were extracted (chloroform-metha- 
I nol), it was observed that 65% of the 14C-2,8-dibenzylcyclooc- 
tanone was in the aqueous fraction of the GI contents and 86% was 
in the aqueous fraction of the GI tissue. When the aqueous frac- 
tion was treated with 20% trichloroacetic acid, the 14C-2,8-di- 
benzylcyclooctanone remained in the supernate rather than the 
pellet. These results indicate that the 14C-drug is binding to a com- 
ponent in the glycogen and lipid fractions. 


Tissue Triglyceride, Serum Glycerol, and Liver Weight- 
The administration of 10 mgkg of I to rats for 5 days reduced 
mean serum, liver, and intestinal triglyceride concentrations to 49, 
22.5, and 26.5%, respectively (Table 111). Serum glycerol concen- 
trations were reduced 75.3%, and there was no change in mean 
liver weight in rats receiving I for 5 days. During the 5-day period, 
rats receiving I gained 22.0 f 3.6 g/kg and those receiving 1% car- 


Table V-In Vitro Effect of 2,8-Dibenzylcyclooctanone on 
Hepatic sn-Glycerol-3-phosphate Acyltransferase and  
Dihydroxyacetone Phosphate Acyltransferase Activity 


sn-Glycerol- Dihydroxyacetone 
2,s-Dibenzyl- 3-phosphatase Phosphate 


cyclooctanone, Acyltransferase Acyltransferase 
m M  Relative Rate  Relative Rate  


0 1 . 0 0  1.00 
0 . 7 5  0.44 0 . 4 3  
1 . 5  0 .37  0 . 3 4  
2 . 3  0.33 0 .28  
3.0 0 .32  0.22 







Table VI-Effects of 2,8-Dibenzylcyclooctanone on Enzyme 
Activities of Sprague-Dawley Rats I n  Viuoo 


2,s- 
Dibenzyl- 
cyclooc- 


1% tanone, 
Carboxy- 10 
methyl- mg/kg/day 
cellulose for 5 
(n = 8) days P 


Liver: 
PhosDhatidvl whos- 


phatas;! - 
pH 7.0 100 f 12 104 f 11 - 
pH 5.0 100 f 6 87 f 7 0.050 


Lipase 100 f 11 64 f 14 0.001 
Acid phosphatase 


Free 100 f 15 65 f 16 0.001 
Total  100 f 13 80 f 14 0.050 


Serum I .- _ _  
Lipase 100 f 29 94 f 33 - 
Lipolysis testb 100 f 25 41 f 21 0.001 


Adipose tissue: 
Lipase 100 f 17 64 f 13 0.001 


a The number of animals in the group is expressed as n. All values are ex- 
pressed as percent of control noted as mean and standard deviation, 3 f SD. 
The probable significant level ( p )  between each test group and the control 
group was determined by the Student t test. b Reference 12. 


boxymethylcellulose gained 68.3 f 8.2 g/kg. The difference in 
weight gain may be partially explained by a decrease in food intake 
for animals receiving I (1). 
In Vivo Glycerolipid Synthesis-Table IV shows the effect of 


I on the in uiuo incorporation of 1,3-'*C-glycerol into hepatic, in- 
testinal, and serum triglycerides and total glycerolipids. These cal- 
culations are based on the specific activity of serum glycerol 17 
min after intraperitoneal injection of 1,3-14C-glycerol. The meth- 
odology used for these calculations was presented previously (7). 


The administration of I produced marked decreases in hepatic 
and intestinal triglyceride and total glycerolipid synthesis from 
1.3- 14C-glycerol. The amount of labeled triglyceride found in the 
serum was also reduced 73% in animals treated with I. These re- 
sults suggest that I may lower serum triglyceride levels by inhibi- 
tion of hepatic and intestinal triglyceride synthesis. Since both 
total glycerolipid formation and triglyceride formation from 1,3- 
14C-glycerol are reduced to the same degree by administration of I, 
this agent may reduce triglyceride formation by inhibiting an early 
step of glycerolipid metabolism (Scheme I). 


Both the liver and intestine produce serum triglycerides. How- 
ever, in the postabsorptive state, the liver is the major source of 
serum triglycerides. Therefore, the effect of I on individual reac- 
tions of hepatic glycerolipid metabolism was studied in more de- 
tail. 
lo Vitro Hepatic Glycerolipid Metabolism-The effect of in- 


creasing concentrations of I on dihydroxyacetone phosphate acyl- 
transferase and sn-glycerol-3-phosphate acyltransferase is shown 
in Table V. Compound I produced greater than 50% inhibition of 
both reactions at 0.75 mM. Since both reactions govern initial 
steps of glycerolipid metabolism (Scheme I) (13), I may exert i ts  
lipid-lowering action by inhibition of these steps in oiuo. 


In Vivo Lipase and Phosphatase Activity-Compound I had 


glycerol 


Y 
GP +% DHlAP 


aeyl-DHAP CoA 


_... 


DAGP 


1' 
DG 


TG 
Scheme I-Pathways for Synthesis of Triglycerides: Step 1, 
glycerol kinase; Step 2, sn-glycerol-3-phosphate (GP) dehy- 
drogenase; Step 3, sn-glycerol-3-phosphate (GP) acyltransfer- 
ase; Step 4, morwacylglycerophsphute (MAGP) acyltrans- 
ferase; Step 5, dihydroxyacetone phosphate (DHAP)  acyl- 
transferase; Step 6, acyldihydroxyacetone phosphate reductase; 
Step 7, phosphatidate (DAGP) phosphatase; Step 8, diglyc- 
eride (DG) acyltransferase; Step 9. nicotinamide adenine 
dinucleotide;.and Step 10. nicotinamide adenine dinucleotide phos- 


phate. 


no effect on neutral phosphatidyl phosphatase in the liver but 
caused a reduction in the activity of liver acid phosphatidyl phos- 
phatase, free and total acid phosphatase, and lipase (Table VI). 
Serum lipase was unaltered, but adipose lipase was significantly 
reduced. The lipolysis test was drastically reduced by I, indicating 
low levels of triglycerides and fatty acids in the plasma. The drug 
increased the rates of excretion of orally administered, labeled, ex- 
ogenous cholesterol, progesterone, and palmitic acid (Table VII). 


DISCUSSION 


The results presented here and in a previous report (1) demon- 
strate that I lowers serum triglyceride and glycerol levels in rats. 
This agent may reduce serum triglycerides by inhibiting hepatic 
and intestinal triglyceride formation in uiuo, since the incorpora- 
tion of 1,3-14C-glycerol into hepatic, intestinal, and serum triglyc- 
erides was markedly reduced by I. The fall in serum triglyceride 
levels is accompanied by a decrease in hepatic and intestinal tri- 
glyceride concentrations, which also may indicate a reduction in 
triglyceride formation by these tissues. 


Scheme I outlines the basic hiosynthetic pathways of hepatic 
glycerolipid metabolism. In this study, 1,3-14C-glycerol was used to 
estimate in uiuo glycerolipid metabolism. Labeled glycerol is taken 
up by tissues and converted to sn- glycerol-3-phosphate (GP) by 
the action of glycerokinase (Step 1, Scheme I). sn- Glycerol-3- 
phosphate may be converted to dihydroxyacetone phosphate 


Table VII-Percent Recovery (Mean f Standard Deviation) of Radioactivity in Fecal Lipid Excretion af ter  
Treatment  with 2,8-Dibenzylcyclooctanone 


n = 6  


~ ~~~ ~ ~ _ _ _ _ _  ________~ ~~ 


Treated Control 


6hr 24 hr 6 h r  24 hr 


100 129 Lipid extracted, m g  - 
Exogenous 


W-Palmit ic  acid 
14C-Cholesterol 


100 f 2 100 f 6 
100 =k 15 100 f 9 


190 f 10 297 i 94 
225 f 14a 124 f 12 


3H-Progesterone 100 f 11 100 f 9 178 i i i a  237 i 2lCz 


y p  2 0.001. 
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(DHAP) by sn- glycerol-3-phosphate dehydrogenase (Step 2, 
Scheme I). Both sn- glycerol-%phosphate and dihydroxyacetone 
phosphate are converted to triglyceride (TG) by the sequential es- 
terification steps. 


Since hepatic total glycerolipid and triglyceride formation from 
1,3-*4C-glycerol were reduced to the same degree by I (Table IV). 
this agent may inhibit an early step of glycerolipid metabolism in 
uiuo. In uitro studies demonstrated that I inhibits sn- glycerol-3- 
phosphate acyltransferase (Step 3, Scheme I) and dihydroxyace- 
tone phosphate acyltransferase (Step 5, Scheme I). An in uiuo 
study also demonstrated that acid phosphatidate (DAGP) phos- 
phatase (Step 7, Scheme I) was slightly reduced by I. 


Other effects of I were decreased liver and adipose tissue lipase 
activity, reduced free and total acid phosphatase activity, and in- 
creased excretion of cholesterol, palmitic acid (triglyceride), and 
steroid hormone. Reduced lipase activity may explain the marked 
reduction in serum glycerol levels (Table 111). 


A number of agents effectively reduce serum triglycerides in hu- 
mans and experimental animals (7, 14-26). However, the mode of 
action of these agents bas not been elucidated. The hypolipidemic 
effect of I may partially be explained by inhibition of triglyceride 
formation, reduced lipolysis, and increased excretion of lipids. The 
effect of this agent on other factors that would lower serum lipids 
such as fatty acid biosynthesis, triglyceride clearance and release, 
and lipoprotein synthesis still remains to be studied. 


The absorption and distribution data demonstrated that only 
minute amounts of I were being absorbed from the GI tract. The 
drug or its metabolites remained associated with the glycogen and 
lipid component(s) of the digestive tract. Only minimal concentra- 
tions of the drug were found in the blood. The muscle mass pos- 
sessed more drug than the major organs of the body. The liver con- 
centrated 6.5% of the drug in 1 hr, and a second peak (2.6%) in the 
liver was reached at 18 hr. This second peak may represent recir- 
culation of the drug since the muscle mass decreased from this 
point in time and the fecal content increased. The drug and i ts  me- 
tabolites were essentially eliminated from the body uia the feces 
after 72 hr. Thus, it can be concluded that only very small quan- 
tities of the drug actually reached the cellular level. 
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Water-Sorption Properties of Tablet Disintegrants 


K. A. KHAN * and C. T. RHODES 


Abstract The water-sorption properties of four tablet disinte- 
grants, starch, sodium carboxymethylcellulose, sodium starch gly- 
colate, and a cation-exchange resin, were examined in the form of 
powders and in compressed tablets prepared from calcium phos- 
phate dibasic dihydrate. Dissolution properties of the tablets com- 
pare well to the water-sorption properties. The effect of storage in 
the presence of water vapor upon tablets containing the various 
disintegrants was evaluated in terms of tablet hardness and disin- 
tegration time. Differences in the effects produced in the various 
tablet formulations can be related to the differing mechanisms 
whereby the disintegrants effect tablet rupture. Photomicrogra- 
phic data support the conclusions drawn from the water-sorption, 
disintegration, and dissolution studies. Sodium starch glycolate 
and the cation-exchange resin merit careful consideration by for- 
mulators using calcium phosphate dibasic dihydrate or similar di- 
rect compression matrixes. 


Keyphrases 0 Water sorption of tablet disintegrants (starch, so- 
dium carboxymethylcellulose, sodium starch glycolate, cation-ex- 
change resin)-disintegration and dissolution, powders and calci- 
um phosphate dibasic dihydrate tablets Tablet disintegrants 
(starch, sodium carboxymethylcellulose, sodium starch glycolate, 
cation-exchange resin)-water sorption of powders and calcium 
phosphate dibasic dihydrate tablets, disintegration, dissolution 


Previously, the disintegration and dissolution 
properties of tablets containing sodium starch glyco- 
late and a cation-exchange resin were reported (1 ,2) .  
The results of these evaluations clearly showed that 
both the cation-exchange resin and sodium starch 
glycolate are extremely efficient disintegrants in a 
variety of tablet systems. The objective of the pres- 
ent study was to examine the water-sorption proper- 
ties of these disintegrants in an attempt to evaluate 
the basic factors controlling their disintegrant action. 
Starch and sodium carboxymethylcellulose were in- 
cluded for comparative purposes. 


EXPERIMENTAL 


Materials-The following were used: calcium phosphate dibasic 
dihydratel (unmilled), corn starch2 BP, sodium salicylate2, ama- 
ranth2 BPC, a cation-exchange resin2, sodium starch glycolate4, so- 
dium carboxymethylcellulose5, and magnesium stearate6. 


Dried Disintegrant Powders-The dried disintegrants were 


Albright and Wilson, Oldbury, England. 
J. M. Loveridge, Southampton, England. 
Amberlite IRP88, Lennin London, England. 
Primojel, Slater, Winsfor$England. 


British Drug Houses, Poole, England. 
’ Courlose P20, British Celanese, Coventry, England. 


Table I-Effect of Humidity on Disintegration Properties 
of Calcium Phosphate Dibasic Djhydrate  Tablets, 
Containing Several Disintegrants, Stored at 100% Relative 
Humidi ty  at 37” [Punch Size 1.1 cm (7/ls in.) F la t ]  


Disintegration Time, min 


Disintegrants, Ini- 
10% (w/v) tial 2 hr 4 hr 8 hr 22hr 30hr 


Starch 15= 15= 15@ 15a 15“ 150 
Sodium carboxy- 43 50 50 55 55 60 


Sodium starch 0 .6  2 .8  7 .0  13.0 15 15 


Cation-exchange 0.83 2.0 7.0 8.0 60 60 


methylcellulose 


glycolate 


resin 
~ 


Particles remaining. 


exposed to 100% relative humidity a t  3 7 O .  Two replicate readings 
of water uptake, always in good agreement, were obtained at  vari- 
ous times over 25 hr. Figure 1 shows the water sorption by the 
disintegrant as a function of time. 


Tablet Containing 10% Disintegrant-Calcium phosphate 
dibasic dihydrate was chosen as the excipient because of i t s  very 
low equilibrium moisture content (2.5%). Furthermore, tablets 
made from the material were easier to handle after having ab- 
sorbed moisture than were other tablets, such as those prepared 
from lactose. 


The tablets containing 10% disintegrant were made using 1.1-cm 
(7/16-in.) flat punches on a single-punch tablet press7. All tablets 
were made under the same conditions of pressure and die fill set- 
tings. Fifty tablets of each formulation were used for the water- 
sorption study. Five lots of 10 tablets of each formulation (one lot 
for each time interval of 5, 10, 15,20, and 25 hr) were weighed and 
labeled individually; their thickness and diameter measurements 
were taken, using a micrometer, before and after exposure to 100% 
relative humidity. 


Figure 2 shows the water uptake by these tablets as a function of 
time. The results of expansion and thickness changes accompa- 
nying water sorption are presented in Figs. 3 and 4. (Changes in 
density reflect overall structural changes, whereas individual mea- 
surement of thickness and diameter changes allows observation of 
whether expansion occurs preferentially in, or a t  right angles to, 
the plane of compression.) These tablets were also tested for disin- 
tegration times using the BP method and for hardnessg. The effect 
of storage on disintegration time and hardness of tablets prepared 
from calcium phosphate dibasic dihydrate is shown in Tables I and 
11. 


To express the relative affinities for water of these disintegrants, 
the term “absorption efficiency” was used; it is calculated in a sim- 
ilar way as dissolution efficiency (3). Figures 5 and 6 show the ab- 
sorption efficiencies of pure disintegrants and of the disintegrants 


Manesty F3. 
Manesty disintegration tester. 
Erweka hardness tester. 
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Table 11-Effect of Humid i ty  on Hardness  of Calcium 
Phosphate  Dibasic Dihydra t e  Tab le t s  Stored at  100% 
Relative Humid i ty  at  37" 


Hardness, Erweka  Un i t s  


Disintegrants, Ini-  22 30 
10% (w/w) tial 2 hr 4 hr 8 hr hr hr 


S ta rch  5 . 6  5 . 5  5.0 5 . 5  5.0 4 . 0  
Sodium carboxymethyl- 5 . 2  3 . 2  2 . 0  2 . 2  2 . 0  2 .0  


Sodium starch glycolate 4 . 0  3 . 5  3 . 0  3 . 0  2 . 0  - 
Cation-exchange resin 3 . 0  ~ 


- - - - 


cellulose 


incorporated into tablets after 5 and 25 hr. Dissolution efficiencies 
of tablets prepared from calcium phosphate dibasic dihydrate con- 
taining 1% amaranth are shown in Fig. 7. 


Surface S t ruc tu re  of Disintegrant Compacts a f t e r  Absorb- 
ing Moisture-To obtain further information about the mecha- 
nism of action of the disintegrants evaluated in this study, com- 
pacts of disintegrants were photographed after being exposed to 
moisture. The disintegrant (250 mg) was compressed at 76.1 
MNm-2, using a hydraulic press and 13-mm flat punches. The 
compacts were exposed to an atmosphere of 100% relative humidi- 
ty a t  37O. Photomicrographs of the compacts were taken before 
and after 2 and 4 hr of exposure to humid conditions. 


The surface structure of compacts prepared from sodium starch 
glycolate is shown in Figs. 8-10, and that of cation-exchange resin 
compacts is shown in Figs. 11-13. The structure of starch and its 
compacts has been extensively studied using a scanning electron 
microscope (4); therefore, the photomicrographs were not included 
in this report. Also, since the structure of sodium carhxymethyl- 
cellulose on absorbing moisture was quite similar to that of the 
resin compacts, only the resin compacts are shown here. 
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Figure 1- Water absorption by dried disintegrant powders. 
Key: 0, cation-exchange resin; 0, sodium starch glycclate; 
0, sodium carboxymethylcellulose; a n d  ., starch. 
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Figure 2-Water sorption of calcium phosphate dibasic di- 
hydrate tablets containing 10% (w/w) distintegrant. Key: 0, 
cation-exchange resin; 0, sodium starch glycolate; 0, sodium 
carboxymethylcellulcse; and m, starch. 


RESULTS AND DISCUSSION 


The water sorption by these disintegrants as a function of time 
in powder form and when incorporated in tablets is shown in Figs. 
1 and 2. The cation-exchange resin exhibited the highest water up- 
take followed by sodium starch glycolate, sodium carboxymethyl- 
cellulose, and starch. Figure 3 shows the expansion of calcium 
phosphate dibasic dihydrate tablets containing 10% (w/w) disinte- 
grant, when exposed to 100% relative humidity, as a function of 
time. Tablets containing 10% (w/w) cation-exchange resin showed 
the highest decrease in apparent density followed by tablets con- 
taining sodium starch glycolate, sodium carboxymethylcellulose, 
and starch. An interesting observation was made in the case of cal- 
cium phosphate dibasic dihydrate containing 10% (w/w) sodium 
carboxymethylcellulose; when tablets were exposed to 100% rela- 
tive humidity a t  37", they showed considerably more expansion in 
their thickness than in their diameter (Fig. 4). It is possible that 
the expansion in the axis in which compression was applied is due 
to the elastic behavior of sodium carboxymethylcellulose after ab- 
sorbing moisture. The other tablets showed more even expansion 
in both directions. 


The results of these water-sorption studies, as evidenced by ab- 
sorption efficiencies (Figs. 5 and 61, clearly demonstrate that  the 
disintegrants with the highest water uptake are generally the most 
effective in most tablet systems (Fig. 7 and Refs. 1 and 2). Al- 
though no attempt is made to define fully the complete mechanism 
of action of these disintegrants, it appears that  the main reasons 
for the effectiveness of sodium starch glycolate and the cation-ex- 
change resin are their high uptake of water (Fig. l ) ,  the relatively 
rapid absorption of water by tablets containing these disintegrants 
(Fig. 2), and their marked swelling and expansion properties (Figs. 
3 and 4). I t  is, of course, fully expected that there may be difficul- 
ties in comparing water sorption, in hours, and tablet dissolution, 
in minutes. 
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Figure 3-Change of apparent tablet density of calcium phos- 
phate dibasic dihydrate tablets containing 10% (w/w) disin- 
tegrant on exposure to 100% relative humidity a t  37'. Key: 
0, cation-exchange resin; 0, sodium starch glycolate; a. 
sodium corboxymethylcellulose; and ., starch. 


The effect of storage (100% relative humidity) on disintegration 
time and hardness of tablets prepared from calcium phosphate di- 
basic dihydrate containing disintegrants is shown in Tables I and 
11. Generally, tablet hardness decreased and disintegration time 
increased under humid conditions. Although very little informa- 
tion is available on the effect of storage on calcium phosphate di- 
basic dihydrate tablets containing disintegrants, these results are 
in general agreement with those obtained with tablets prepared 
from lactose (7). The results presented in Tables I and I1 also show 
that the tablets containing effective disintegrants, which possess 
higher affinity for water, were most affected. The tablets contain- 
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Figure 4-Change of tablet diameter and thickness of calcium 
phosphate dibasic dihydrate tablets contuining 10% (w/w) 
disintegrant when exposed to 100% relative humidity ut 37'. 
Key: 0, cation-exchange resin; 0, sodium sfarch glycolate; 
a, sodium carboxymethylcellulose; and ., starch. 
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Figure &Absorption efficiencies of disintegrant powders on 
exposure to 100% relative humidity at 37O. Dark bars represent 
5 hr, and open bars represent 25 hr. Key: A, starch; B, sodium 
carboxymethylcellhe; C, sodium starch glycolate; and D, 
cation-exchange resin. 


ing cation-exchange resin and sodium starch glycolate showed a 
considerable increase in their disintegration time and a marked re- 
duction in their strength after storage. 


Tablets containing a disintegrant break up rapidly in water be- 
cause of the sudden and immediate application of stress. However, 
when a tablet containing such a disintegrant is exposed to water 
vapor, stress is built up slowly and the tablet absorbs some of the 
strain. Because the disintegrants within these tablets have lost 
some of their absorption and swelling ability, the disintegration 
time tends to increase. It can be seen that tablets containing disin- 
tegrants in which swelling is an important mechanism of action 
were most affected, i.e., cation-exchange resin and sodium starch 
glycolate.. Because swelling is not thought to be an important 
mechanism in the action of starch, the properties of tablets con- 
taining this disintegrant were not greatly affected on exposure to 
100% relative humidity. The reduction in the strength of tablets 
can be explained by the absorption of moisture by the disinteg- 
rant, thus causing swelling and bond disruption. Because moisture 
has an especially deleterious effect on the disintegration time and 
hardness of tablets containing the most effective disintegrants 
(with high affinity for moisture), suitable packaging is of supreme 
importance when such a disintegrant is used in tablets. 


A complete picture of the mechanism of action of sodium starch 
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Figure &Absorption efficiencies of calcium phosphate dibasic 
dihydrate tablets containing 10% (w/w) disintegrant on expo- 
sure to 100% relntive humidity at 37". Dark bars represent 
5 hr, and open bars represent 25 hr: Key: A, starch; B, sodium 
carboxymethykellUe; C, sodium starch glycolate; and D, 
cation-exchange resin. 
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r I 
-re I-Dissolution efficiencies of tablets prepared from 
calcium phosphate dibasic dihydrate containing 1% (w/w)  
amaranth as tracer. Key: A,  without disintegrant; B l ,  stamh, 
5%; B2, starch, 10%; Cl, sodium carboxymethylcellubw 
5%; C2, sodium carboxymethylcellule, 10%; D1, sodium 
&mh glycolate, 5%; 02, sodium starch glycolate, 10%; El, 
cation-exchange resin, 5% ; and E2, cation-exchange resin, 
10%. 


-re 9-Photomicrograph of sodium starch glycolcrte 
pact after 2 hr of exposure to 100% rehtive humidity at 370. 


glycolate emerges from the results presented in Figs. 8-10. On ab- 
sorbing moisture, the sodium starch glycolate grains show consid- 
erable structural changes. Initially, the grains swell and become 
distorted, followed by the dissolution of disintegrant particles. The 
mechanism of action of sodium starch glycolate is probably similar 
to that of starch, as described by Lowenthal and Wood (4). Sodium 
starch glycolate possesses the additional advantages of being solu- 
ble and readily dispersible in water. Its spherical particles, dis- 
persed in a tablet system, offer a larger surface, thus improving 
"wicking" (if this mechanism is operative) and allowing rapid pen- 
etration of water into the tablet interior (Fig. 4). The main reasons 
for the efficiency of this disintegrant probably are its high rate of 
water uptake (Fig. 1) and its marked swelling properties (Figs. 4 
and 5); these factors cause pressure to be exerted within the tablet, 
thus breaking up interparticle bonding. This is then followed by 
the dissolution of sodium starch glycolate particles, which results 
in the crumbling and disintegration of the entire tablet structure. 


Figures 11-13 show the surface structure of cation-exchange 
resin compacts before and after absorbing moisture (the absorbed 
moisture may be seen on the surface of compacts in Figs. 12 and pact after hr O f  b at 370. 


Figure 'QPhotomicm@'aph Of sodium starch g1W0lote com- 


13). These photographs confirm previous findings t h a t  the resin 
possesses a very high rate of water uptake (Figs. 1-3). Kun and 
Kunin (5) described hydration of the cation-exchange resin as a 
two-step process: ( a )  the hydration of the gel phase or the microre- 
ticular phase, and ( b )  the filling of macroreticular pores with 


Figure 11-Photomicrograph of cation-exchange resin compact 
before exposure to humidity. 


water, either by capillary condensation or hydraulically. From the 
results of the study of water sorption by the cation-exchange resin 
(Figs. 1, 2, and 11-13), it becomes clear that the disintegration of 
tablets containing the cation-exchange resin is probably caused by 


Figure &Photomicrograph of sodium starch glycolate com- 
pact before exposure to humidity. 
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Figure 12-Photumicmgmph of cation-exchange resin com- 
pact after 2 hr of exposure to 100% relative humidity at 37". 


the rapid penetration of water into the tablet interior and the 
crumbling of the tablet is brought about by the extensive swelling 
of resin particles. The nonadhesiveness of the cation-exchange 
resin in the hydrated state is also a useful property. 


There is a similarity between starch and the cation-exchange 
resin in that both require a minimum effective concentration (1, 
2). For starch it is said that a certain concentration is required to 
form an effective capillary system that will draw the water into the 
tablet interior (6,7). Lowenthal and Wood (4), however, disagreed 
with this explanation and proposed that water hydrates the hy- 
droxy group of starch molecules, causing them to move apart. The 
slight swelling that occurs is due to the rapid hydration step and a 
slower sorption of water step, These authors believed that the de- 
gree of breakup depends upon the number and size of starch grain 
agglomerates (total starch concentration in the tablet). The great- 
er the number and size of agglomerate, the greater is the disrup- 
tion. Similarly, a certain critical amount of cation-exchange resin 
would be necessary to produce sufficient swelling to rupture the 
tablet. Although sodium carboxymethylcellulose has a very high 
affinity for water, i t  is well known that its adhesiveness in the hy- 
drated state is responsible for the poor disintegration properties 
(1, 2) of this material. 
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Chlorpromazine Metabolism IV: Quaternization as a 
Key to Determination of Picomoles of 
Chlorpromazine and Other Tertiary Amine Drugs 


ROLAND E. LEHR and PUSHKAR N. KAUL" 


Abstract 0 Reaction of chlorpromazine with 9-bromomethylacri- 
dine under appropriate conditions yields a nonfluorescent quater- 
nary ammonium derivative which, on subsequent photolysis, liber- 
ates fluorescence. The  major component of this fluorescence is 9- 
methylacridine (86%). while two minor components are 9-acridine- 
carboxaldehyde (6%) and 9-acridinemethanol (8%). The  mecha- 
nism of photolysis leading to formation of these products appears 
to  involve homolytic as well as heterolytic cleavages of the quater- 
nary salt. Both the quaternization and the photolysis are stoichio- 
metric. Appropriate isolation of the fluorescence and its quantita- 
tive determination constitutes the basis of a new and highly sensi- 
tive assay applicable to chlorpromazine and other tertiary amine 
drugs. 


Keyphrases 0 Chlorpromazine-assay by quaternization and 
photolysis, picomole quantities 0 Tertiary amine drugs-assay by 
quaternization and photolysis, picomole quantities 0 Metabolism- 
chlorpromazine assayed by quaternization and photolysis, pico- 
mole quantities 0 9-Bromomethylacridine-quaternization re- 
agent for picomole assay of chlorpromazine and tertiary amine 
drugs 


Currently increasing interest in generic bioequiv- 
alence of drugs and in drug dose-blood level-clinical 
response relationships of potent agents has created a 
general need for sensitive assay methods of high pre- 
cision. Many tertiary amine drugs acting on the cen- 
tral nervous system exhibit a large volume of distri- 
bution and, therefore, yield low blood levels which 
are not amenable to  available analytical methods. In 
some instances, GC or GLC alone or in conjunction 
with mass spectrometry has been successful in assay- 
ing levels less than 20-30 ng/ml. However, in the case 
of phenothiazine derivatives, one limitation of GC 
has been poor precision, and coupled GC-mass spec- 
trometry is not easily available in most clinical labo- 
ratories. Therefore, there is a need for a sensitive 
assay applicable to potent tertiary amine drugs re- 
quiring routine monitoring in a clinical situation or 
warranting pharmacokinetic studies. 


An approach of introducing a fluorescent tag into 
the tertiary amine molecule of chlorpromazine uia a 
quaternization reaction was considered. On the bases 
of relatively high absorptivity and quantum yield of 
fluorescence of acridine, 9-bromomethylacridine was 
chosen for the purpose. However, the quaternary 
product obtained did not fluoresce as such, but on 
photolysis (Scheme I) i t  yielded fluorescence that  
could be determined fluorometrically. Preliminary 
attempts to apply this approach to assaying solutions 
and blood samples containing tertiary amine drugs 
were recently reported (1). 


Other papers in this series have dealt with various 
analytical and pharmacological aspects of chlorpro- 
mazine metabolites (2-6). This paper describes the 


syntheses of various compounds involved in the qua- 
ternization of chlorpromazine and in confirming the 
nature of the fluorescent products resulting from the 
photolysis of the quaternary salt. 


EXPERIMENTAL 


Synthesis of 9-Methylacridine-Two procedures, both based 
upon literature methods, were used. Method B has proven more 
successful than Method A for the preparation of large quantities of 
9-methylacridine. 


H,q-Br 


I 


(CHd,N(CHd, 
I: 9-bromornethylacridine 11: chlorpromazine 


@ax I c1 
dH,h 
CH, I -,i 
I 


CHLh 
+ I  


I 
' H  ,C-N-CH,' Br- 


CH: 
I & @ -  hu 


111: quaternary salt 
of chlorprornazine 


- 
HC=O r 


IV: 9-methylacridine V: 9-acridinecarboxaldehyde 
H,C-OH 


L VI: 9-acridinemethanol - 
Scheme I-Quaternization reaction of chlorpromazine and the  
fluorescent products resulting from the photolysis of the quater- 
nary salt; a ,  b, c, and d refer to the protons reflected in  N M R  


spectrum 
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Method A: From 9-Chloroacridine (7)-To 16.8 g (74.8 mmoles) 
of 9-chloroacridine in 48 ml of hot toluene was added ethyl sodi- 
omalonate derived from the treatment of 18.7 g of diethyl malo- 
nate with 2.6 g of sodium in 48 ml of ethanol. The mixture was re- 
fluxed for 17.5 hr, and 7.0 g (48%) of 9-methylacridine was isolated 
according to the published procedure. 


Method B: From Diphenylamine @--To 50 g (295 mmoles) of 
diphenylamine in a pressure bottle were added 30 ml of acetic acid 
and 85 g of anhydrous zinc chloride; the bottle then was heated a t  
220' for 14 hr. The crude product mixture was extracted with chlo- 
roform, and the chloroform layer was washed with water and evap- 
orated under reduced pressure to yield the crude product. Al- 
though 9-methylacridine could be obtained by fractional crystalli- 
zation from hexane, the remaining diphenylamine interfered with 
the crystallization. Thus, diphenylamine was separated from 9- 
methylacridine by column chromatography on silica gel', with tol- 
uene being used to elute the diphenylamine, which left 9-methyla- 
cridine on the column. Subsequent elution with acetone gave 17 g 
(30%) of 9-methylacridine, mp 113-115' [lit. (8) mp 115-116'1. 


Synthesis of 9-Bromomethylacridine-According to a modi- 
fied literature procedure (7), 3.1 g (16.1 mmoles) of 9-methylacri- 
dine and 3.4 g (19.1 mmoles) of N-bromosuccinimide in carbon tet- 
rachloride were mixed with a few milligrams of dibenzoyl peroxide. 
The suspension was refluxed to dissolve all components, and the 
appearance of 9-bromomethylacridine was monitored by TLC. Ace- 
tone-benzene (5:95) was used as the developing solvent in which 
9-bromomethylacridine had a slightly higher R f  than that of 9- 
methylacridine. In some instances, refluxing did not initiate the 
reaction, but irradiation2 of the mixture was successful. After 1 hr 
of reflux, the reaction mixture was filtered hot to remove succinim- 
ide. On cooling the filtrate, 9-bromomethylacridine crystallized 
and 3.4 g (12.5 mmoles, 78%) was collected by filtration. Recrystal- 
lization from carbon tetrachloride yielded 2.1 g (7.6 mmoles), mp 
166-168' [lit. (9) mp 169-170' dec.]. 


Synthesis of 9-Acridinecarboxaldehyde-The selenium diox- 
ide oxidation method (9) was followed, with 100 mg (0.51 mmole) 
of 9-methylacridine and 58 mg of selenium dioxide being added to 
30 ml of xylene. After the mixture was refluxed for 1 hr, the organ- 
ic phase was extracted repeatedly with 0.5 N HC1 until the ex- 
tracts appeared nearly colorless. The pooled aqueous phases were 
combined, made basic with sodium carbonate, and extracted with 
chloroform. The chloroform layer was dried over sodium sulfate. 
Filtration and removal of chloroform under reduced pressure af- 
forded a crude product, from which 51 mg (48%) of 9-acridinecar- 
boxaldehyde was obtained by preparative TLC3, with acetone- 
benzene (5:95) being used as the developing solvent, mp 145-146' 
[lit. (10) mp 147'1. 


Syhthesis of 9-Acridinemethanol-A new synthesis of the al- 
cohol was devised. T o  50 ml of methanol was added 455 mg (2.2 
mmoles) of 9-acridinecarboxaldehyde. The solvent was heated to 
dissolve the aldehyde, and 100 mg of sodium borohydride was 
added. Some precipitate formed immediately. The reaction mix- 
ture was stirred for 30 min, treated with 10 ml of 2 N sodium hy- 
droxide, and refluxed for 1 hr. The mixture, on cooling to room 
temperature, gave 280 mg (61%) of 9-acridinemethanol, mp 166- 
167.5' [lit. (7) 164-165'1. 


Quaternization Reaction-For quaternization on a prepara- 
tive scale, 179 mg (0.56 mmole) of chlorpromazine in 5 ml of aceto- 
nitrile was added to a solution of 200 mg (0.73 rnmole) of 9-bro- 
momethylacridine in 45 ml of dry acetonitrile. The mixture was 
stirred a t  room temperature for 4 hr and concentrated under vacu- 
um to 20 ml. On cooling in ice water, 198 mg (68%) of hygroscopic 
quaternary salt (111, Scheme I) was obtained, mp 178.5-179.5'; UV 
(ethanol): 254 (log c 5.176) and 366 (3.987) nm; IR (KBr): major 
peaks a t  1558, 1450, 1400, 1315, 1270, 1225, 1082, 1025, 920, 830, 
801, 770, and 740 cm-'. The NMR spectrum [(CD:&30] (Fig. 1) 
exhibited acridine aromatic protons a t  6 8.52 (d, 2, J = 8 Hz), 7.98 
(d, 2, J = 8 Hz), and 7.3-7.7 (m, 4); the chlorpromazine aromatic 
protons signaled a t  6.6-7.1 (m, 7); other absorptions were a t  5.57 
(s, 2, Ha),  3.3-3.8 (m, 4, Hb),  2.8 (s, 6, Hc), and 1.9 (s, 2, Hd). The 
peak a t  6 3.14 was found to be due to water, since it could be en- 
hanced by addition of more water to the solution. The multiplet a t  


Fisher Silicar CC-7. 
General Electric sunlamp. :' E. Merck silica gel PF254+xfifi 


6 2.26 was inherent to dimethyl sulfoxide due to its incomplete 
deuteration. 


Anal.-Calc. for C3lH29BrClN$+O.SH20: C, 62.05; H, 5.04; Br, 
13.32; N, 7.00. Found: C, 61.83; H, 4.87; Br, 13.30; N, 6.95. 


Photolysis of Quate rna ry  Salt of Chlorpromazine-A solu- 
tion of the quaternary salt (111) was spotted on a silica gel TLC 
plate, and the dried spot was exposed to UV light of 200-300-nm 
wavelength, with peak emission a t  254 nm. The result of irradia- 
tion was the appearance of a fluorescent spot which, after elution 
with 0.01 N sulfuric acid containing 20% methanol, was subjected 
to spectrofluorometric determination. 


RESULTS A N D  DISCUSSION 


The reaction of chlorpromazine with 9-bromomethylacridine 
under the conditions described to yield 111 appears to be stoichio- 
metric. Assignment of the structure of the product as 111 is in ac- 
cord with elemental analysis and NMR, UV, and IR spectra. Also 
consistent with the assignment of the product as a quaternary am- 
monium salt, as opposed to a sulfonium salt, is the reaction of 
promazine and chlorpromazine sulfoxide with 9-bromomethylacri- 
dine to form products with properties similar to those of 111. Chlor- 
promazine N-oxide and chlorpromazine 5,N-dioxide do not react 
under the cited conditions to produce any quaternary products. 


The quaternary product obtained is fairly stable as a solid or in 
organic solutions at temperatures up to 80°, but it is highly sensi- 
tive to light of a wide range of wavelengths. Effective photolysis 
occurs with a UV source emitting between 200 and 300 nm, with 
peak emission a t  254 nm. With this source of light, the optimum 
photolysis of the quaternary salt occurred in 3 min, provided the 
distance between the source and the salt was maintained a t  12 cm. 


Photolysis of the quaternary salt 111 on a silica gel TLC plate 
produced a fluorescent spot exhibiting absorption and emission 
maxima a t  350 and 474 nm, respectively. However, on develop- 
ment with methanol-benzene (1:9), this fluorescent spot separated 
into three fluorescent components. Of the total fluorescence, the 
major component contributed 86% while the minor spots were re- 
sponsible for 6 and 8%, in order of their increasing R/ values, re- 
spectively. Structural assignments to these components were made 
by isolating sufficient quantities of the products following large- 
scale photolysis and comparing their physical, spectral, and TLC 
properties with those of the synthesized authentic samples. The 
major component was found to be 9-methylacridine, while the 
minor components were 9-acridinemethanol and 9-acridinecarbox- 
aldehyde in order of their increasing Rf values. Based on calcula- 
tions, the yields of the photolytic products obtained from the qua- 
ternary compound are as follows: 9-methylacridine, 26%; 9-acri- 
dinecarboxaldehyde, 1.0%; and 9-acridinemethanol, 0.6%. 


Although a detailed mechanism of photolysis of 111 has not been 
studied, the products obtained are in line with the work of Ratcliff 
and Kochi ( I l ) ,  who presented evidence for competing solvolytic 
and radical processes in the photolysis of benzylarnmonium salts 
as shown in Schemes I1 and 111. 


Scheme I1 


I x- h. heterol y t ic D e H 2  + :y- + X- 


Scheme III 
The homolytic pathway subsequently leads to formation of tolu- 


ene by hydrogen abstraction from a N-CH:{ group by the benzyl 
radical. Scheme IV indicates an analogous manner in which the 
various products of photolysis of the chlorpromazine quaternary 
salt could arise. Thus, 9-methylacridine would reasonably arise by 
homolytic cleavage, followed by hydrogen abstraction by the 9-ac- 
ridinyl radical (IX) from the chlorpromazine cation radical (VIII). 
One minor component, 9-acridinecarboxaldehyde, could result 
from a reaction of IX with oxygen, followed by decomposition. 
This latter pathway was not observed by Ratcliff and Kochi ( I l ) ,  
but their experiments were carried out in solution whereas this 
photolysis was effected on silica gel. That  B-acridinecarboxal- 
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Scheme IV-Postulated photolytic reaction mechanisms 


dehyde is not a secondary photochemical product resulting from 
irradiation of 9-bromomethylacridine or 9-methylacridine was es- 
tablished by photolyzing pure samples of those two compounds ad- 
sorbed on silica gel. In neither instance was a detectable amount of 
9-acridinecarboxaldehyde formed. 


Heterolytic cleavage (Scheme 11) of 111 should lead to formation 
of 9-bromomethylacridine (I), a product that  is not observed under 
the reaction conditions. However, photolysis of I adsorbed on silica 
gel rapidly yields 9-acridinemethanol (VI), as shown by TLC com- 


parison of the product with an authentic sample. This finding 
suggests that  9-bromomethylacridine is the precursor for 9-acri- 
dinemethanol observed in the photolysis of 111 and that both 
homolytic and heterolytic cleavages are occurring in the photoly- 
sis. 


Although the structures of the phenothiazine nucleus-containing 
products have not been rigorously established, ferric chloride-ac- 
tive spots of R/ values [developing solvent of acetone-methanol- 
ethanolamine (100:301)] identical to those of chlorpromazine and 


y- 


-1' 
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Figure 1-NMR spectrum of 9-acridylmethyl quaternary salt  of chlorpromazine in  deuterated dimethyl sulfoxide; a, b, c, and  d 
refer to the protons labeled in the structure of the quaternary salt shown. 
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(0) CH, 
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Scheme V 


its monodemethylated derivative were observed. The latter should 
arise from hydrolysis of the chlorpromazine immonium salt (X) re- 
sulting from homolytic cleavage as shown in Scheme IV. 


In applying the quaternization reaction to the assay of chlorpro- 
mazine (l), an aliquot of the reaction mixture after completion of 
the reaction is spotted on a silica gel TLC plate and developed first 
with methanol-methylal-benzene (2:2:1) and then with methanol- 
chloroform-benzene-ammonia (35:16:105). The first solvent sys- 
tem removes all nonquaternary products to the solvent front; the 
second system moves the quaternary product, which can now be 
photolyzed to yield determinable fluorescence. In the case of chlor- 
promazine, however, a minor secondary quaternary spot also arises 
with an R/ value slightly greater than that of the chlorpromazine 
quaternary. Although this minor product has not been rigorously 
identified, it is believed to be the quaternary salt resulting from 
the reaction of chlorpromazine sulfoxide with B-bromomethylacri- 
dine on the basis of several pieces of indirect evidence. First, the 
spot also develops fluorescence upon photolysis. Second, the prod- 
uct has an Rf value identical to that of an independently prepared 
quaternary salt of chlorpromazine sulfoxide. Third, the quaternary 
salts of both chlorpromazine and its sulfoxide can be dequater- 
nized with thiophenoxide according to Scheme V. 


Pure, recrystallized 111, upon dequaternization, yielded chlor- 
promazine as the only phenothiazine nucleus-containing product, 
as judged by TLC comparison with an authentic chlorpromazine 
sample. Similarly, upon dequaternization, the quaternary pre- 
pared from chlorpromazine sulfoxide yielded only chlorpromazine 
sulfoxide as the phenothiazine product. However, when chlorpro- 
mazine was reacted with 9-bromomethylacridine under the condi- 
tions of quaternization and an aliquot of the reaction mixture was 
treated with thiophenoxide for dequaternization, chlorpromazine 
as well as its sulfoxide was observed on TLC fractionation. Under 
identical conditions, but in the absence of 9-bromomethylacridine, 
chlorpromazine did not convert to any detectable amounts of its 
sulfoxide. This finding suggests that  the chlorpromazine sulfoxide 
quaternary was produced under the reaction conditions of quater- 
nization. 


Furthermore, two-dimensional TLC has shown that the chlor- 
promazine quaternary can be converted to the sulfoxide product 
on the silica gel TLC plate, which is consistent with the reported 
(12) conversion of chlorpromazine to chlorpromazine sulfoxide on 
silica gel. On the whole, however, the generation of the sulfoxide 
product is generally limited to a total of <lo%. In the actual assay, 
the calculations can be appropriately adjusted for this conversion. 


Of significance are the facts that  the quaternization reaction as 
well as the photolytically generated fluorescence is stoichiometric 
and that the fluorescing products can be successfully eluted from 
the TLC plate for fluorometric determination. This, in essence, 
constitutes the basis for the potential of the described quaterniza- 
tion reaction as a tool for a sensitive assay for chlorpromazine and 
other tertiary amine drugs. Several compounds other than chlor- 


promazine, including chlorpromazine sulfoxide, atropine, imipra- 
mine, chlorprothixene, codeine, morphine, and pilocarpine, were 
tested for reactivity with 9-bromomethylacridine; all yielded qua- 
ternary products and generated fluorescence on subsequent pho- 
tolysis. 


The fluorescence of the acridine moiety is totally quenched fol- 
lowing introduction uia quaternization into a tertiary amine mole- 
cule. Although no plausible explanation for this observation can be 
offered at present, a series of acridine derivatives is now being syn- 
thesized to determine whether or not the charge on the tertiary 
amine nitrogen is responsible for this total quenching of the acri- 
dine fluorescence or if there are other reasons for it. 


The data presented and other preliminary experiments have 
confirmed that the overall approach of quaternization and photol- 
ysis is applicable to the determination of several tertiary amine 
drugs. In the case of chlorpromazine and its sulfoxide, for example, 
50 ng and higher amounts have been quantitated (1). The amine 
concentration-fluorescence correlation is linear over a range of 
0.05-1.00 fig. The detailed development and standardization of the 
specific assay for various tertiary amine drugs in aqueous solutions 
and human blood will be reported later. 
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The so-called crisis in medical malpractice insurance’has been very much 
in the news, both in the lay press and in the medical press. All of this, of 
course, has grown out of a rather recent inclination on the part of the public 
to hold individual medical practitioners personally responsible for perfor- 
mance at  a certain accepted level or standard. 


Many feel that the pendulum has swung much too far, with the result that 
damages awarded are excessive, liability findings in some cases are unjusti- 
fied, and many physicians have resorted to practicing “defensive medicine” 
in an effort to protect themselves. Be this as it may, the fact remains that 
medical malpractice lawsuits have become a major concern in the medical 
field. 


Except perhaps for attorneys who specialize in food and drug law, relative- 
ly few people in the area of pharmaceutical production and distribution are 
even aware that a somewhat comparable situation potentially exists with re- 
spect to liability relative to the manufacture and distribution of pharmaceu- 
tical products. 


To date, most action on the part of regulatory agencies is directed either a t  
a specific product or a corporation. That is to say, a particular product is al- 
leged to be adulterated or misbranded and is condemned or seized; or in 
other cases, a specific corporation is found to be in violation of good manu- 
facturing practices and may be forced to close down. 


For some time, however, questions have been asked as to whether this line 
of enforcement is either adequate or effective. Comments have been made to 
the effect that a certain major corporation when found guilty pays its $lo00 
fine and the next day resumes its multimillion dollar business with no real 
effort to correct the situation about which court action was initiated. In 
other instances, it has been felt that those responsible for supplying the pub- 
lic with pure food and with safe and effective drugs have not exercised suffi- 
cient concern, with the result that substantial injury-and a t  times, even 
death-have directly resulted. This experience has prompted thoughtful ob- 
servers to suggest that enforcement-related action in more cases should be 
against persons within the corporation, and that such court action might 
even take the form of prosecution on the basis of criminal liability. 


A case is now before the United States Supreme Court, United States u. 
Park, in which the president of a major food company has been held to be 
criminally responsible for not seeing that necessary steps were taken to pre- 
vent rodents from contaminating food stored in one of his corporation’s 
warehouses. The outcome of this test case will undoubtedly have a signifi- 
cant impact on the degree of personal liability individuals may be held to 
have in the case of pharmaceutical manufacturing and distribution. 


Indeed, it is reported that proposed revisions in good manufacturing prac- 
tice (GMP) regulations for large-volume parenterals will place direct and 
specific responsibility on the designated quality assurance officer for certify- 
ing as to the qualifications of the manufacturing plant, all processes and pro- 
cedures in the production of the article, and the suitability of the container 
and its enclosure before the product is released. Undoubtedly, many ques- 
tions can be raised as to who specifically should bear the responsibility if 
criminal liability action is brought as the result of some defective product. 


Although he did not originate it, Harry Truman made famous the com- 
ment “the buck stops here!” But again, where is “here”? Is it the person or 
persons who work out the formulation, or is it those who prepare the formu- 
lation, or is it those who are responsible for assuring the quality of the for- 
mulation, or is it those in some high strata of company management? These 
are questions which eventually the courts will decide. 


In the meantime, it appears to us that the only prudent course of action 
for everyone involved in drug production is to perform in a manner as if such 
liability does rest directly on one’s personal shoulders. 


But, even putting the issue of personal liability aside, isn’t such an atti- 
tude what we ought to expect from those who have assumed responsibility 
for producing and supplying our drug products? At  times, it seems that a 
good deal of lip service is given to the term “a reputable manufacturer.” 
Saying “we are sorry” after having a recall for a defective drug product really 
is not sufficient. A reputable drug manufacturer, in the true sense, is one 
which, to the extent possible, takes the necessary actions to anticipate and 
prevent the defect from occurring. It seems to us that companies as well as 
individual employees and corporation executives who perform with this phi- 
losophy will have little cause for concern in the event that criminal liability 
does indeed become a strategy of drug quality enforcement. 








Evaluation of Nuclear-Substituted Styryl Ketones and 
Related Compounds for Antitumor and Cytotoxic Properties 


J. R. DIMMOCKX and W. G. TAYLOR 


Abstract A number of nuclear-substituted styryl ketones, the 
related Mannich bases, and allyl alcohols were synthesized and 
evaluated for antitumor activity, principally in the L-1210 lym- 
phoid leukemia and P-388 lymphocytic leukemia screening tests. 
The cytotoxicity of some of these compounds assessed in Eagle’s 
9KB carcinoma cell culture system was also recorded. Two of the 
Mannich bases showed promising levels of activity in the P-388 
screening; of the results obtained to date, over one-third of the de- 
rivatives showed cytotoxicity at dose levels of 1-3 ppm. Other 
pharmacological results of these compounds are briefly reported. 


Keyphrases 0 Styryl ketones, nuclear substituted-synthesis, 
spectroscopy, and antitumor evaluation 0 Mannich bases (related 
to styryl ketones)-antitumor evaluation Ally1 alcohols from 
styryl ketones and related Mannich bases-antitumor evaluation 


Antitumor activity-nuclear-substituted styryl ketones and re- 
lated Mannich bases and allyl alcohols 


Approximately 70 years ago, it was shown that con- 
jugated olefinic ketones undergo nucleophilic attack 
with thiols (1, 2) which, along with amines and car- 
boxylate and phosphate anions, constituted the pri- 
mary target sites for biological alkylating agents in 
uiuo (3). Recent studies have demonstrated the reac- 
tivity of a,&unsaturated ketones with thiols (4, 5) 
and amines (6), and enzyme-catalyzed alkylation of 
the thiol group of cysteine with a,&unsaturated car- 
bony1 compounds has been observed (7,8). 


It is known that Mannich bases have antitumor 
properties (9, 10) and the formation of the water-sol- 
uble Mannich bases derived from a,&unsaturated 
ketones seems of interest. The higher chemical and 
biological reactivity of allyl alcohol compared to the 
saturated analog (11, 12) suggested the synthesis of 
substituted allyl alcohols as potential alkylating 
agents. Furthermore, it has been shown that the pyr- 
rolizidine alkaloids with tumor-inhibiting properties 
possess an allylic ester function (13), which has been 
shown to react with thiols to give the corresponding 
S-alkylated product (14). The carbonyl reduction of 
both a,P-unsaturated ketones and the corresponding 
Mannich bases followed by esterification would lead 
to substituted allyl alcohols and esters that may have 
antitumor properties. The aim of the present investi- 
gation, therefore, was to synthesize a number of sub- 
stituted styryl ketones (I), the related Mannich bases 
(II), and finally the related allyl alcohols and esters 
(111) for evaluation in various tumor systems, princi- 
pally the L-1210 and P-388 leukemias in uiuo and the 
KB cell culture system in uitro. 


RESULTS AND DISCUSSION 


With the exception of Ii, the styryl ketones were synthesized by 
the Claisen-Schmidt condensation between the appropriate benz- 
aldehyde and either 2-octanone or 2-butanone. The possibility ex- 
ists of condensation of the aromatic aldehyde with either the 


methyl or methylene group of the 2-alkanone. Base-catalyzed con- 
densation between benzaldehyde and 2-octanone gave In, whereas 
acid-catalyzed condensation gave an oil which was shown to con- 
sist mainly of 3-benzylidene-2-octanone (Im ). 


GLC analysis of the crude reaction products indicated that the 
base-catalyzed reaction did not give the methylene condensation 
product ( Im) and that the acid-catalyzed reaction did not furnish 
the methyl condensation product (Ia).  However, the reaction prod- 
uct between benzaldehyde and 2-butanone was shown to consist of 
84% I j  and 16% In, which was unexpected since earlier work had 


I 
Iu: R 1 = & = 9 n = 5  
Ib: R, = 2C1, RL = H, n = 5 
Ic: R, =3Cl, $ = H ,  n = 5  
Id: R1=4-C1, & = H ,  n = 5  
IC R, =2€1, & = 443, n =5 
I f :  R, = 2C1, & = 6 - 9  n = 5 
Ig: R, = 3-Cl, & = 4C1, n = 5 
Ih: Rl = 4-N(CH&, & = H, n = 5 


Ii: R, = 4-N(CH3),I, R2 = H, n = 5  
4- - 


Ij: R 1 = & = H ,  n = l  
Ik: Rl=4Cl,  R L = H , n = l  
11: R1 =4-N02, R1 = H, n = 1 


I 


OR2 R3 
I11 


IIIQ: Rl = 4C1, & = RJ = H 
IIIb: Rl = 


IIIc: R, = & = H, RJ = CH,N(CH,),I 


IIIe: R1 = 2421, & = CO *NO,, RJ = CH,N(CH,)I.HCl 


ID/: R, = H, RL = C *NO1, R, =CH,N(CH,),.HCl 


= H, RJ = CH,N(CH,),.HCI 
+ - 


IIId: R l =  2C1, RL = H, RJ = JCH,N(CH,)L.HCl 
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Table I-Evaluation of Some (E)-1- (Substituted phenyl)-l-alken-3-ones (Series I) in the L-1210 and KB Test System 


Inter- 
valb of Sur- Animald 
Injec- Number Dose per vivorsc Weight 


Com- tion, of In- Injection, (out Difference, 
pound Vehiclea Route of Injection days jections mg/kg of 6) g T/C, %* KBf 


I b  


Ic 


Id 


Ie 


If 
Ig 


Ih 


Ii 


Ij 


I k  


la 7 


4 


7 


M 


T 


T 


C 


C 


C 


7 
C 


C 


4 


4 


4 


4 


4 


M 


M 


M 


I1 7 


Subcutaneous 


Subcutaneous 


Intraperitoneal 


Intraperitoneal 


In traperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Subcutaneous 
Intraperitoneal 


Intraperitoneal 


Subcutaneous 


Subcutaneous 


Subcutaneous 


Subcutaneous 


Subcutaneous 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


1 


4 


1 


4 


1 


4 


1 


4 


1 


1 
4 


1 


1 


4 


1 


4 


1 


4 


4 


1 


4 


1 400 
200 
100 


3 400 
200 
100 


9 400 
200 
100 


3 4009 
2009 
1000 


9 400 
200 
100 


3 400 
200 
100 


9 400 
200 
100 


3 400 
200 
100 


9 400 
200 
100 


1 350 
3 400 


200 
100 


9 400 
200 
100 


1 400 
200 
100 


3 400 
200 
100 


1 400 
200 
100 


3 100 
50 
25 


9 100 
50 
25 


3 400 
200 
100 


3 400 
200 
100 


9 400 
200 
100 


3 400 
200 
100 


6 
6 
6 
0 
0 
0 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
2 
5 
6 
6 
6 
6 
6 
6 
6 
0 
2 
6 
6 
6 
6 
0 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 


-1.8 
-0.5 
+0.5 
- 
- 
- 


-1.6 
-1.7 
+0.5 
-0.5 
+0.2 
-1.0 
-3.3 
-0.7 
-1.0 
-1.4 
+0.4  
-0.3 
-2.5 
-2 .1  
-0 .3  
-2.3 
-2.1 
-1.4 
-3.1 
-1.0 
-0.7 
- 0 . 4  
-1.1 
-0.3 
-1 .o 
-3.6 
-3.1 
-1.6 
-0.7 
+0.1 
+0.1 
-1.6 
-0.6 
-1.6 
- 


+1.3 
-1.4 
-1.0 
-0.5 
$0.9 


-0.9 
-1.3 
-0 .4  
-0.3 
+0.2 
+0.5 
-0.2 
-0 .1 
-1.1 
+1.2 
+0.8 
-0 .4  
-0.8 
-1.0 


- 


100 >loo 
91 
94 


93 
92 
98 
91 


102 
104 
95 
88 
88 
93 
98 
96 
92 
90 
93 
93 
91 
86 
95 
90 


23 


>10 


30 


28 


95 
108 N.A. 
98 27 
93 


101 
- 
92 
92 
97 > 100 


105 
97 


102 
103 
105 


24 
- 
86 


106 
92 
94 


97 
93 


- 


91 N.A. 
107 
96 


102 25 
104 
98 
97 
97 
98 
93 N.A. 
93 


101 


a C = acetone, D = alcohol, M = hydroxypropylcellulose, S = saline sonified. T = saline with Tween 80, 2 = saline, 4 = steroid suspending so- 
lution, and 7 = unspecified vehicle. * l = injections given daily, and 4 = injections made every 4 days. C Number of survivors on 5th day after the first 
injection. Average weight of teat group minus average weight of control animals. c Ratio of survival time of treated animals to control animals expressed 
as a percentage. I The figures (in micrograms per milliliter) in the KB cell culture screen indicate the dose inhibiting 50% growth of human epidermoid 
carcinoma of the nasopharynx in Eagle’s medium. N.A. = result not available. I The CDFl strain of mouse used. 


shown that in dilute alkali the reaction product consisted of Ij 
(15). The compounds in Series I submitted for screening were 
shown by spectroscopic means to be formed by condensation be- 
tween the methyl portion of the appropriate 2-alkanone and the 
aromatic aldehyde. 


The quaternary ammonium compound (Ii) was prepared by 


quaternization of Ih with methyl iodide. Attempts to condense p -  
nitrobenzaldehyde with 2-octanone to give 1-(p-nitropheny1)-1- 
nonen-3-one using aqueous sodium hydroxide solution were un- 
successful. Other workers have also noted the failure of nitro- 
benzaldehydes to react with both y-butyrolactone and 2-hexanone 
in the presence of aqueous alkali (16, 17). Piperidine acetate has 


242 /Journal of Pharmaceutical Sciences 







Table 11-Evaluation of Some (E)-4-Dimethylaminomethyl-l- (substituted phenyl)-l-nonen-3-one Hydrochlorides 
(Series 11) in the L-1210 and KB Test Systems 


In- 
tervalb 
of In- Sur- Animald 
jec- Number Dose per vivorsc Weight 


Com- tion, of In- Injection, (out Difference, 
pound Vehiclea Route of Injection days jections mg/kg of 6) g T/C, % e  KBf 


I I b  


I I C  


IId 


IIe 


I I U  4 


7 


7 


7 


4 


4 


7 


7 


D 


D 


D 


M 


M 


7 


C 


C 


C 


2 


S 


S 


S 


S 


Subcutaneous 


Subcutaneous 


Subcutaneous 


Intraperitoneal 


Subcutaneous 


Subcutaneous 


Subcutaneous 


Subcutaneous 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


1 


4 


1 


1 


1 


4 


1 


1 


4 


4 


1 


1 


1 


1 


4 


4 


1 


1 


4 


4 


1 


1 


1 


3 


9 


9 


1 


3 


9 


9 


3 


3 


9 


1 


9 


9 


3 


3 


9 


9 


3 


3 


9 


9 


400 
200 
100 
400 
200 
100 
200 
100 
50 


400 
200 
100 
400 
200 
100 
200 
100 
50 
50 
25 
12.5 


170 
115 
75 


400 
200 
100 


50 
25 
12.5 
500 
250 
12.50 


400 
200 
100 
100 
50 
25 
25 
12.5 
6.25 


400 
200 
100 
50 
25 
12.5 
250 
12.50 


809 
550 
350 


400 
200 
100 


500 
250 
12.50 
50 
25 
12.5 


170 
115 
75 


6.250 


5 
5 
5 
1 
6 
6 
0 
6 
6 
0 
0 
5 
0 
5 
6 
4 
6 
6 
6 
6 
6 
0 
4 
6 
0 
0 
2 
6 
6 
6 
5 
5 
6 
0 
1 
5 
2 
6 
6 
6 
6 
6 
0 
0 
0 
3 
6 
6 
6 
6 
6 
0 
0 
1 
0 
0 
6 
6 
6 
6 
6 
6 
6 
0 
3 
6 


-4.3 
+0.2 
-2.9 
-1.1 
-1.1 
-0.9 


-1.4 
-0.8 


- 


- 
- 


-3.8 


-2.9 
-0.3 
-1.3 
-0.4 
$0.3 
-1.9 
+0.2 
-0.4 


+0.2 
+0.3 


- 


- 


- 
- 
- 


-0.9 
+0.5 
-0 .4 
-3.6 
-2.2 
-0.7 
- 
- 


-2 .8  


-4.7 
-3.6 
-1.4 
-0.3 
-0 .1  


- 


- 
- 
- 
- 


-1.4 
+1.1 
-3.9 
-1.0 
-0.5 
- 
- 
- 
- 
- 


-0.7 
-0.6 
+0.4 
-0.5 
-2 .1  
-0.6 
-0.8 
- 
- 
0 


100 1 . 5  
93 
93 


90 
101 


102 
95 


- 


- 


- 
72 


116 
91 
79 
78 
95 
93 


100 
100 


100 
98 


- 


- 


- 
97 
97 
87 
82 


102 
102 
- 
- 
94 


75 
106 
104 
101 
101 


- 


- 
- 


- 
92 
95 
97 
94 
92 


- 
86 


102 
106 
102 
107 
104 
103 
- 
- 
84 


2.4 


1 . 7  


1 . 0  


2.8 


1 . 2  


1 . 2  


a-g See Table I. 


been employed successfully as the catalyst in the synthesis of 3- 
(p-nitrobenzylidene)-2,4-pentanedione from 2,4-pentanedione and 
p-nitrobenzaldehyde (18), but use of this catalyst in the present 


investigation led only to the isolation of unreacted starting materi- 
als and a low yield of a multicomponent oil. The literature de- 
scribes the preparation of an analog of 1-(p-nitrophenylbl-nonen- 
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Table 111-Evaluation of Some Substituted (E)-l-Phenyl-l-nonen-3-ols a n d  Related Compounds (Series 111) against 
L-1210 and  KB Test Systems 


In- 
tervalb 
of In- Sur- Animald 
jec- Number Dose per vivorsc Weight 


Com- tion, of In- Injection, (out Difference, 
T/C, %' KBf pound Vehicle. Route  of Injection days jections mg/kg of 6) g 


I I Ib  


I I I C  


IIId 


I I I e  


IIIf 


I I I U  T 


T 


4 


7 


4 


T 


2 


2 


2 


2 


2 


T 


T 


T 


I ntraperitoneal 


Intraperitoneal 


Subcutaneous 


Intraperitoneal 


Subcutaneous 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


Intraperitoneal 


4 


1 


4 


4 


1 


4 


4 


1 


4 


4 


1 


4 


4 


1 


3 


9 


3 


3 


9 


3 


3 


9 


3 


3 


9 


3 


3 


9 


4009 
2009 
1000 
400' 
200 
100 
400 
200 
100 
50 
25 
12.5 
50 
25 
12.5 


400 
200 
100 
20 
10 


10 
5.0 


5.0 
2.5 


400 
200 
100 
100 
50 
25 


100 
50 
25 


400 
200 
100 
400 
200 
100 
400 
200 
100 


6 
6 
6 
6 
6 
6 
4 
6 
6 
6 
6 
6 
6 
6 
6 
0 
0 
0 
0 
6 
6 
6 
6 
6 
1 
0 
5 
5 
6 
6 
3 
6 
6 
6 
6 
6 
5 
6 
6 
3 
6 
5 


-0.2 
-0.5 
-0 .1  
-0.6 
-3.8 
-2.1 
+0 .8  
-0.6 
-0.6 
$0.8 
+ O . l  
-0.5 
-0.9 
-0.7 
-0.9 
- 
- 
- 
- 


+ 0 . 6  
+ 0 . 3  
-0.6 
-0.7 
+0 .1  


-0.8 
-1.6 
-0.2 
-0.6 


-0.5 


-~ 
- 


- 


+ 0 . 3  
+0.1 
+0.1 
+0.1 
-0.2 
-0.6 
-0.4 


-4.9 
-3.4 


- 


111 N.A. 
102 
110 
- 
91 
94 
61 
75 
75 


103 
106 
119 
97 
98 
97 


- 
- 
- 
98 


103 
99 
97 
97 


6.4 


42 


3.2 


88 
95 
97 
96 


94 
102 
92 N.A. 
92 
95 


- 


106 >10 
105 
90 
- 
100 
97 


See Table I. 


3-0ne, namely 11, which was synthesized by an aldol condensation 
between 2-butanone and p-nitrobenzaldehyde followed by dehy- 
dration of one of the intermediate hydroxyketones (19). Two 
short-chain analogs of 11, namely 1; and Ik, were prepared by Cla- 
isenSchmidt condensation of the appropriate aldehyde and 2- 
butanone. 


The styryl ketones I were shown by GLC to be homogeneous. 
Examination of the PMR spectra of the styryl ketones in Series I 
showed that the olefinic protons at  C-1 and C-2 resonated in the 
range of 6 7.32-7.80 and 6.37-6.85, respectively. An olefinic cou- 
pling constant of 16 Hz was observed, indicating the (El-configu- 
ration of the double bond (17, 20). A strong IR band at  980 cm-', 
due to the carbon-hydrogen out-of-plane vibration characteristic 
of ethylenic compounds possessing the (E) -configuration (21), was 
noted in most compounds. Two carbonyl absorptions at  1695-1675 
and 1690-1640 cm-' due to the presence of s-cis- and s-trans- ro- 
tational isomers (17,22,23) were also observed. 


In an attempt to prepare Ih, using the conditions of the normal 
Claisen-Schmidt condensation, only unreacted starting materials 
were obtained, even when the time of heating under reflux was ex- 
tended from 24 to 58 hr. However, Neilsen and Dubin (24) pre- 
pared Ih by employing sodium hydroxide in a mixture of ethanol 
(92%) and water (8%), a solvent kxown to enhance dimer formation 
of styryl ketones (25,261. In the present study, Ih (48% yield) was 
obtained along with a colorless solid (IV) (-2% yield), which was 


shown to be a dimer of Ih. 
The preparation and properties of the Mannich bases 110 -1I f  


and the related compounds Va and Vb were reported recently 
(27). The syntheses and spectral characteristics of the substituted 
ally1 alcohols and esters (111) and the related compound (VI) are 
described in the literature (28) or under Experimental. In an at- 
tempt to prepare (E) -l-(p- dimethylaminophenyl)-l-nonen-3-ol 
by sodium borohydride reduction of Ih, a mixture of the desired 
alcohol (70%) and unreacted Ih (30%) was obtained, which was not 
separated by fractional crystallization or by preparative GLC. 


The antineoplastic activity of a variety of epoxides (29, 30) sug- 
gested the preparation of 1,2-epoxy-l-(p- chlorophenyl)-3-nona- 
none by reaction of Id with hydrogen peroxide. The derivative ob- 
tained gave the predicted spectral characteristics for the epoxide 
and was homogeneous by TLC, but its rapid decomposition pre- 
cluded its submission for screening. 


The evaluation of the styryl ketones (I) against L-1210 lymphoid 
leukemia in mice is shown in Table I. None of the compounds 
showed activity. In the P-388 lymphocytic leukemia screen, Ic 
showed no activity (Table V). In the KB test system in uitro, 
which is a measure of cytotoxicity and may indicate tumor-inhibit- 
ing properties (31), the chlorophenyl derivatives (Ib, Id, Ie, Ig, 
and I k )  and the quaternary ammonium iodide ( I i )  had a low level 
of activity, namely 23-30 ppm (Table I). At 400 mg/kg, no toxicity 
appeared in the mice, with the exception of Compounds Ig and Ii. 
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Table IV-Evaluation of IV, Va, Vb, a n d  VI in the L-1210 and KB Tes t  Systems 


In- 
terval* 
of In- Sur- Animald ~~ 


jec- Number Dose per vivorsc Weight 
Com- tion, of In- Injection, (out Difference, 
pound Vehicle. Route  of Injection days jections mg/kg of 6) g T / C ,  %‘ KB’ 


IV 


Va 


Vb 


V I  


T Intraperitoneal 4 3 400 
200 
100 _.. 


T Intraperitoneal 1 9 400 
200 
100 


M Intraperitoneal 4 3 400 
200 
100 


T Intraperitoneal 1 9 400 
200 
100 


M Intraperitoneal 4 3 400 
200 
100 


100 
50 


M Intraperitoneal 1 9 400 
200 


M Intraperitoneal 1 9 200 


100 


6 
6 
6 
6 
6 
6 
2 
4 
6 
0 
0 
4 
6 
5 
6 
6 
4 
5 
6 
5 
6 


- 1 . 0  
+ 1 . 1  
-0 .4  
- 1 . 8  
-0 .5  
$ 1 . 2  


- 1 . 3  
- 1 . 8  


- 


- 
- 


- 2 . 1  
- 2 . 4  
- 1 . 6  
- 1 . 0  
-0 .1  
+5 .2  
+ 0 . 2  
-2 .6  
-1 .2  
-1 .3  


92 N.A. 
90 
89 
95 
95 
86 


2 . 1  - 
106 
96 


103 2 . 3  
100 
102 
95 
97 


103 
113 N.A. 
102 
103 


a -’ See Table I. 


The Mannich bases (11) showed no appreciable activity against 
the L-1210 lymphoid leukemia (Table II), although a high level of 
cytotoxicity (KB test) may be seen in this series for the results ob- 
tained to date. In the P-388 leukemia screen (Table V), IId and IIf 
showed promising levels of activity, with increases in mean surviv- 
al time of 30 and 42% at doses of 18 and 6.25 mg/kg, respectively. If 
the rate of reactivity of styryl ketones with biologically important 
nucleophiles is considered to be dependent on the fractional posi- 
tive charge on C-1, then maximum activity would be expected to 
occur when the nuclear substituents are two chlorine atoms as in 
IId, IIe, and IIf. In the case of compounds containing one or two 
ortho- chloro atoms, IId and IIe, steric impedence of an approach- 
ing nucleophilc would occur, reducing reactivity; the effect would 
be less in the case of IId, which contains only one chlorine atom. In 
the case of IIf, neither of the two chlorine atoms occupies the 
ortho- position on the aromatic ring so reaction with nucleophiles 
should be increased. 


Activity against P-388 leukemia decreases in the order IIf, IId, 
and IIe, following a pattern of probable decreased chemical reac- 
tivity with nucleophiles a t  the cellular level. The toxicity in mice 


Iv 


V 


Va: X = CH,N(CH,),I, Y = H 
Vb: X, Y =CH, 


+ - 


for the chlorinated compounds IIb-IIf is higher than for the unsub- 
stituted coppound, IIa. In additioh, IIg, possessing a shorter alkyl 
chain than IIa, had greater toxicity. The mammalian toxicity in- 
creased in the dichloro derivatives IId-IIf in the same sequence as 
the increases in activity in the P-388 screen. Compounds IIa-IIc 
showed no appreciable activity against the Ehrlich ascites tumor in 
mice (Table VI). 


The ally1 alcohol (IIIa ) formed by reduction of Id showed only 
minor improvements in the L-1210 screen when the injections were 
given every 4 days. Both compounds were nontoxic a t  400 mg/kg. 
Reduction of the Mannich bases IIa and IIb gave IIIb and IIId, 
respectively. Both of these compounds had similar levels of toxici- 
ty and inactivity in the L-1210 screen as their precursors, although 
IIIb had a marginal level of activity (T/C 119%) when the injec- 
tions were made every 4 days. While esterification of IIIb to give 
IIIf did not alter mammalian toxicity, quaternization of IIIb as 
the free base gave IIIc, with sharply increased mammalian toxici- 
ty. Esterification of IIld gave IIIe, which showed reduced mam- 
malian toxicity, hut neither of the esters IIIe and IIIf had activity 
in the L-1210 screen. In the Ehrlich ascites screen (Table VI), IIIb 
and IIIc showed no activity but marginal activity (T/C 118%) was 
found for IIId. 


The possible metabolite of IIc, namely Vb, showed decreased 
toxicity in mice but no improvement in activity in the L-1210 
screen (Table IV). The saturated alcohol (VI) was inactive and 
nontoxic a t  the dose levels examined. 


Compounds Ia, Ib, Id, I f ,  Ih, and Ii were screened against Strep- 
tococcus faecalis, Escherichia coli, and Candida albicans at  con- 
centrations of 200 and 10 pg; the Mannich bases Ha-IIc, IIe, and 
IIIe were screened against S. faecalis and E. coli a t  the same con- 
centrations. Compound Ia inhibited the growth of S. faecalis a t  10 
pg, and there was only partial growth of this organism when 10 pg 
of Ib, Id, or If was added to the medium. The remaining com- 
pounds were inactive against the organisms at  a concentration of 
200 fig. 


H,C--C--C-(CH,),,CH,, 
II II 
0 CH 


CH,CH,CH--(CH,),CH,, 
@ I  


OH 
VI 


Irn: n = 4  
In: n = O  
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In view of the fact that  the potent diuretic ethacrynic acid pos- 
sesses an a,p-unsaturated keto group attached to an aromatic ring 
containing two chlorine atoms, i t  was decided to examine IId and 
IIf for possible diuretic activity. A t  15 mg/kg, IId and IIf showed 
marked antidiuretic activity with approximately 37 and 39%, re- 
spectively, of the urine output of the control rats. At 2 mg/kg, IId 
had 72% of the urine output of the control rats while IIf had nei- 
ther antidiuretic nor diuretic activity. 


EXPERIMENTAL' 


Substi tuted Styryl Ketones (Ia-II)-The preparation of Ia, 
Ib, Id-Ih, Ij, and Ik was described previously (32). Utilization of 
the general method used earlier (32) gave (E) -l-(m- chlorophen- 
yl)-l-nonen-3-one ( I c )  as colorless crystals (33%), mp 34'; IR 
(KBr): 1695 (s) (C=O), 1665 (s) (C=O), 1615 (s) (C=C), and 980 
(s) (trans- CH=CH) cm-'; NMR (CC14, 0.5 M): 6 7.33 (m, 5, CIH 
and aromatic H), 6.55 (d, 1, 5 2 . 1  = 16 Hz, CzH), 2.53 (t, 2, 54,s = 
6.5 Hz, C4H2), 1.87-1.10 (m, 8, CHz), and 0.90 (m, 3, CyHd ppm; 
mass spectrum: 250 (M+, relative intensity 15%). 


Anal. -Calc. for C15H19C10: C, 71.84; H, 7.64. Found: C, 71.99; 
H, 7.51. 


(E) -l-(p- Dimethylaminophenyl)-l-nonen-3-one methiodide 
(Ii ) was prepared by heating under reflux a mixture of Ih (20.00 g, 
0.077 mole), methyl iodide (21.86 g, 0.154 mole), and ethanol (20 
ml) as brown platelets (19.69 g, 64%) from methanol, mp 142' dec; 
IR (KBr): 1695 (s) (C=O), 1665 (s) (C=O), and 1620 (C=C) crn-'; 
NMR (CDC13): 6 7.80 (m, 5, CIH and aromatic H), 6.75 (d, 1, 5 2 . 1  = 
16 Hz, CzH), 4.03 [s, 9, +N(CHs):<], 2.67 (t, 2, 54,s = 6.5 Hz, C ~ H Z ) ,  
2.00-1.10 [m, 8, (CH2)4], and 0.90 (m, 3, C9H3) ppm. 


Anal. -Calc. for C18H28INO: C, 53.87; H, 7.03. Found: C, 54.05; 
H, 7.22. 


(E) -l-(p- Nitrophenyl)-l-penten-3-one (11) was prepared in 7% 
yield from 2-butanone and p- nitrobenzaldehyde, according to a 
literature method (19), as orange crystals from ethanol, mp 108.5' 
[lit. (19) mp 108-110°]; IR (KBr): 1695 (5) (C=O), 1670 (s) 
(C=O), and 1620 (s) (C=C) cm-I; NMR (CDC13,0.5 M): 6 8.23 (m, 
2, aromatic H), 7.63 (m, 3, CIH and aromatic H), 6.85 (d, 1,Jz.i = 
16 Hz, CzH), 2.75 (4, 2, 54 .5  = 7.5 Hz, C4H2), and 1.18 (t, 3,55,4 = 
7.5 Hz, C5H:d ppm. 


Anal. -Calc. for CIIH1lNOS: C, 64.38; H, 5.40; N, 6.83. Found: 
C, 64.55; H, 5.45; N, 6.87. 


In an attempt to prepare (E) -l+ -nitrophenyl)-l-nonen-3-one, 
2-octanone (16.03 g, 0.125 mole) and p- nitrobenzaldehyde (3.78 g, 
0.025 mole) were added to piperidine acetate (from 2.1 g from pi- 
peridine and 2.0 g acetic acid). The mixture was stirred a t  room 
temperature for 2 hr and then poured onto ice; the precipitate was 
collected and recrystallized from ethanol to give unreacted p-  ni- 
trobenzaldehyde (0.445 g) (melting point and NMR evidence). Ex- 
traction of the aqueous phase with ether (3 X 40 ml) gave a brown 
oil (0.63 g), shown by GLC analysis to consist of a t  least seven 
components. 


Melting points were determined on a Gallenkamp MF-370 apparatus. 
Boiling p0int.s and melting points are uncorrected. The  NMR spectra were 
determined using a Varian T-60 spectrometer, with tetramethylsilane as the 
internal standard. IR absorption spectra were recorded on a Unicam SP- 
200G spectrophotometer previously calibrated with polystyrene. Band in- 
tensities are denoted as s (strong), m (medium), and w (weak). Mass spectra 
were determined at 70 ev on an AEI MS- 12 single-focusing mass spectrome- 
ter, operated by M-r. D. Bain of the Department of Chemistry and Chemical 
Engineering, University of Saskatchewan, Saskatoon, Saskatchewan, Cana- 
da. The instrument used a heated inlet system operating near the melting 
point of the compound, and samples were introduced by direct probe tech- 
nique. Elemental analyses were performed by Dr. F. B. Strauss, Microanaly- 
tical Laboratories, Oxford, England, and by Mr. R. M. Smith of the College 
of Pharmacy, University of Saskatchewan, Saskatoon, who used a Coleman 
model 33 carbon-hydrogen analyzer. 


TLC plates, 0.5 mm thick, were prepared using silica gel G (E. Merck and 
C o . )  and subsequently heated at 120' fur 2 hr prior to use. The chromato- 
grams were deveioped (20-120 min), and the compounds were detected with 
a spray composed of a 1% (w/v) aqueous solution of potassium permanga- 
nate containing 1% sulfuric acid. GLC was undertaken on a Pye 104 model 
64 instrument using the conditions previously described (27). For prepara- 
tive GLC, a Hewlett-Packard 5750B research instrument was employed. 
The aluminum columns 11.8 m X 0.952 cm (6 ft X 0.375 in.) o.d.1 were 
packed with 1096 Carbowax on Chromosorb G ,  6&80 mesh, acid washed and 
silanized. Organic extracts were washed with water and dried over anhy- 
drous magnesium sulfate. 


Preparat ion of 3-Benzylidene-2-alkanones (Im and  In)-A 
stirred mixture of 2-octanone (12.82 g, 0.10 mole) and benzalde- 
hyde (10.61 g, 0.10 mole) was cooled (-5'), and hydrogen chloride 
gas (1.82 g, 0.05 mole) was bubbled through the reactants. The 
mixture was stirred a t  room temperature for 24 hr and heated 
under reflux for 2.5 hr t o  give a dark-brown oil, which was distilled 
to give a yellow oil, 6.60 g, bp  130'/9.0 mm [lit. (33) bp 161-162'/ 
14 mm]. GLC analysis showed that two products were present, the 
major one ( I m )  to the extent of 95%. IR (neat): 1660 (s) (C=O) and 
1620 (m) (C=C) cm-'; NMR (CC14): 6 7.29 (m, 6, phenyl H and 
benzylidene H), 2.31 (broad s, 5, C1H3 and C4H2), 1.60-1.10 [m, 6, 
(CHd31, and 0.90 (m, 3, C6H3) ppm. 


GLC analysis of the crude reaction product between benzalde- 
hyde and 2-butanone indicated a mixture of 1; (84%) with a longer 
retention time than In (16%). The mixture was separated using 
preparative GLC (10% Carbowax 20M, 215O). The characteristics 
of In are as follows: IR (neat): 1665 (s) (C=O) and 1625 (s) (C=C) 
cm-'; NMR (CC14): 6 7.30 (m, 6), 2.40 (s, 3), and 2.00 (d, 3, J = 
2Hz) ppm; mass spectrum: 160 (M+, relative intensity 100%). 
3,5-Bis(p-dimethylaminophenyl)-4-heptanoyl-2-penty~cy- 


clohexanone (1V)-This compound was obtained from the reac- 
tion between p- dimethylaminobenzaldehyde (74.58 g, 0.50 mole) 
and 2-octanone (64.10 g, 0.50 mole) in ethanol (340 ml) and 25% 
aqueous sodium hydroxide solution (30 ml). After the reaction 
mixture had been stirred a t  room temperature for 1 hr, it was set 
aside for 22 hr a t  room temperature; then Ih (61.98 g, 48%) was re- 
moved by filtration. The mother liquor was concentrated in U ~ C U O  


to give a semisolid. TLC on silica gel, using benzene-acetic acid- 
95% ethanol (1O:l:l v/v), showed that Ih and a less mobile compo- 
nent were present. The semisolid was washed with the minimum 
quantity of ethanol to give a colorless powder (3.97 g), which was 
removed by filtration. Recrystallization from ethanol-ethyl acetate 
(1:l v/v) gave IV (2.293 g, 1.8%), with an Rf value corresponding to 
the less mobile compound on TLC, mp 17G-177' [lit. (24) mp 
184-186']; IR (KBr): 1720 (s) (C=O) and 1695 (s) (C=O) cm-'; 
mass spectrum: 518 (M+, relative intensity 100%). 


Anal. -Calc. for C S S H ~ ~ N ~ O ~ :  C, 78.71; H, 9.72; N, 5.40. Found: 
C, 78.90; H, 9.74; N, 5.18. 


Substi tuted 4-Dimethylaminomethy1-l-phenyl-l-nonen-3- 
one Hydrochlorides (11-IIgj and  Va and  Vb-The preparation 
of IIa-IIf and Va and Vb was described previously (27). (E)-5- 
Dimethylamino-4-methyl-l-phenyl-l-penten-3-one hydrochloride 
(IIg) was prepared by the general method (27), crystallizing as a 
colorless hygroscopic powder (43%) from acetone, mp 114-115O 
[lit. (34) mp 115-117' for 1:l maleate salt]; IR (KBr): 1685 (s) 
(C=O), 1660 (w) (C=O), 1615 (s) (C=C), and 975 ( 5 )  ( trans-  
CH=CH) cm-'; NMR (CDC13, 0.5 M): 6 12.5-11.7 (broad s, 1, 
+NH, exchanged with D20), 7.75 (d, 1, J1.2 = 16 Hz, CIH), 7.47 (m, 
5, phenyl H), 6.82 (d, 1, 52.1 = 16 Hz, CZH), 3.73 (m, 2, CsHz), 
3.33-2.50 [m, 7, C4H and +N(CH&], and 1.33 (d, 3, J = 6.5 Hz, 
C4CHd ppm. 


Anal. -Calc. for C14H2"ClNO: C, 66.26; H, 7.94; N, 5.52. Found: 
C, 65.75; H, 7.90; N, 5.48. 


Substi tuted 1-Phenyl-1-nonen-3-01s (IIIeIIId) and Related 
Compounds (IIIe, 1116 a n d  V1)-The preparation of IIIa, VI, 
and diastereoisomeric modifications of IIIb-IIId and IIIf was re- 
ported previously (28). The samples evaluated in the L-1210 
screens (Table 111) were the major diastereoisomers in the cases of 
IIId and 1111 and a preponderance of the major isomers from the 
mixture in the cases of IIIb, mp 122-122.5' [lit. (28) mp 126O] and 
IIIc, mp 110-112° [lit. (28) mp 112.5-113.5O]. The alcohols IIlb 
(mp 120-121.5') and IIIc (mp 110-112°) were screened against the 
Ehrlich ascites tumor (Table VI). The IIId alcohol was a pure 
sample of the major isomer (NMR evidence). 


The synthesis of IIIe was accomplished by the esterification of a 
diastereoisomeric mixture of (E) -1 -(o- chloropbenyl)-4-dimethyla- 
minomethyl-1-nonen-3-01s (5.10 g, 0.0164 mole) (28) with p- nitro- 
benzoyl chloride (3.70 g, 0.020 mole) in ether, using the method 
previously described (28), except that  the time of stirring a t  room 
temperature was 24 hr. The colorless crystals deposited (6.73 g), 
mp 140-144', were recrystallized from ethanol to give IIIe (1.33 g, 
16%), mp 177' dec. The compound was homogeneous on silica gel 
thin-layer plates [R, 0.67; n- butanol-acetic acid-water (12:3:5 v/ 
v)]; IR (KBr): 1715 (s) (C=O), 1530 (s) (NOz), and 965 (s) ( trans - 
CH=CH) cm-'; NMR (CDCI:<): 6 12.93-12.27 (broad s, 1, +NH, 
exchanged with D20), 8.28 (s, 4, p- N O Z C ~ H ~ ) ,  7.37 (m, 5, CIH and 
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Table V-Activity of Some S ty ry l  Derivatives against  P-388 Lymphocyt ic  Leukemia 


Interval* Sur- - -_ 
of In- Number Dose per vivorsc Animald 


jection, of In- Injection, (ou t  Weight  
Compound  Vehiclea R o u t e  of Inject ion . days  jections mg/kg of 6) Difference, g T / C ,  % $  


Ic  2 Intraperi toneal  


T Intraperitoneal 


IId 2 Intraperitoneal 


2 Intraperitoneal 


D Intraperitoneal 
2 Intraperitoneal 


M Intraperitoneal 


M Intraperitoneal 


IIe 


2 


I I f  2 


2 


2 


Intraperitoneal 


Intraperitoneal 


Intraperi toneal  


Intraperitoneal 


1 


1 


1 


1 


2 Intraperitoneal 4 


1 


9 


400 
200 
100 
4000 
2000 


259 
12.59 
6.259 


180 
12.50 
8.30 


35 
18 
12 


25 


12.5 
12.5 


1009 


8 .0  


6.25 


6.25 
3.12 


40 
28 
18 
28 
14 


95 
65 
40 
80 
55 
35 
25 
12.5 


7 .0  


6.25 
4.12 
2.75 


400 
200 
100 
50 
25 
12.5 
6.25 


110 
75 
37.5 
18 .7  


225 


6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
6 
6 
4 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
3 
6 
6 
0 
0 
0 
5 
6 
6 
6 
5 
0 
0 
2 
6 
6 
6 
6 
2 
6 
6 
6 
0 


f 1 . 2  
+0 .5  
f 0 . 7  
-0 .7  
-0.8 
-0 .5  
-2 .1  
-1 .9  
-0 .6  
-3 .3  
-2 .2  
-0 .2  
-3 .5  
-2 .8  
-1 .9  
-2 .3  
-5.4 
-5.8 
-0 .7  
-0.6 
+ 0 . 2  
+0 .5  
-4 .0  
-2.5 
-4 .9  
-1 .7  
-1.0 
f 0 . 3  


-1 .8  
-1.7 


- 


- 
- 


-4 .1  
-3.7 
-2 .2  
-1 .7  
+ 1 . 1  
- 
- 
- 


-1 .6  
0 


+ 0 . 3  
+0.1 


-0 .8  
0 


-0 .2  


- 


- 


100 
0 


88 
104 
104 
108 
115 
125 
90 


130 
120 
110 
110 
122 
122 
122 
60 


110 
100 
104 
109 
104 
90 


115 
105 
100 
110 
110 


104 
109 


- 


~. 


- 
- 


136 
126 
142 
105 
110 


- 
- 


100 
106 
106 
106 


109 
109 
100 


- 


" - p , u  .See Table I.  


O - C I C ~ H ~ ) ,  7.27 (m, 2, CzH and CsH), 3.53-2.37 [m, 9, C4H and 
CHzN(CH&], 2.07-1.10 [m, 8, (CH2)4], and 0.90 (m, 3, CgH3) ppm. 


Anal.-Calc. for C25H32C12N204: C, 60.60; H, 6.51; N, 5.67. 
Found: C, 60.64; H ,  6.55; N, 5.75. 


Attempted Preparat ion of (E)-1-(p-Dimethylaminophen- 
yl)-l-nonen-3-ol-A solution of sodium borohydride (1.135 g, 
0.03 mole) in water (18 ml, adjusted to  pH 8.5 with aqueous sodi- 
um hydroxide solution) was added dropwise to a solution of Ih 
(7.780 g, 0.03 mole) in methanol (45 ml) at 0" under nitrogen. The 
reaction mixture was stirred a t  0" for 1 hr and then a t  room tem- 
perature for 19 hr, after which the solvents were removed in uacuo 
to give a yellow residue; this residue was added to water (150 mi) 
a t  pH 4. The pH of the reaction mixture was adjusted to pH 7.5 
and extracted with ether to give a yellow solid (7.30 g). TLC of the 
solid on silica gel, using n- hutanol-acetic acid-water (12:3:5 v/v), 
showed the presence of a t  least two poorly resolved components. 
NMR spectroscopy indicated a mixture of Ih (-30%) and the de- 
sired alcohol (-70%); NMR (CDC13): 6 6.62 (dd, Jz.1 = 16 Hz, 5 2 . 0  


= 6.5 Hz, C2H), 4.20 (4, J = 6 Hz, CnH), and 1.90 (s, CsOH, ex- 
changed with D20) ppm. Fractional crystallization from petroleum 


ether, hexane, methylene chloride, and ethanol was unsuccessful. 
The crude solid changed to a red oil upon storage in a vacuum des- 
iccator. 
1,2-Epoxy-l-(p-chlorophenyl)-3-nonanone-A solution of 


hydrogen peroxide (4.25 g, 0.125 mole, 14.2 ml of 30% solution) in 
aqueous sodium hydroxide solution (5% w/v, 15 ml) was added 
dropwise to a solution of Id (3.135 g, 0.0125 mole) in dioxane (30 
ml) a t  10'. The mixture was stirred a t  10-12O for 0.5 hr and, after 
standing a t  room temperature for 16 hr, water (350 ml) was added 
and the resultant precipitate was removed by filtration and dried 
overnight in a vacuum desiccator protected from light. The color- 
less precipitate (2.505 g, 75%), mp 61-62O, was recrystallized from 
petroleum ether (bp 60-80°), which did not alter the melting 
point. The title epoxide migrated as a single spot on silica gel thin- 
layer plates, using benzene-acetic acid-water (10: 1: 1 v/v) as the 
developing solvent; IR (KBr): 1710 (s) (C=O) cm-'; NMR (CC14, 
0.5 M): 6 7.20 (m, 4, aromatic H),  3.87 (d, 1, J I , ~  = 2.0 Hz, CIH), 
3.25 (d, 1, J2,1 = 2.0 Hz, C*H), 2.40 (m, 2, CdHz), 1.73-1.07 [m, 8, 
(CH2)4], and 1.07-0.67 (m, 3, CyH:,) ppm. 


A sample of the epoxide became yellow, mp 48-49', after stand- 
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Table VI-Activity of Some S ty ry l  Derivatives against 
Ehrlich Ascites Tumor in Mice 


Dose, 
Com- mg/ T/C, 
pound Ri X Y kga % 


IIa H c=o HCl 10 103 
I Ib  2-c1 c=o HCI 25  111 


10 108 
I I C  4-C1 C=O H C l  25  110 


10 111 ~ _ _  ~~ 


I I I b  H C H ( 0 H )  HCI 25 101 


IIId 2-C1 C H ( O H )  HCl 50 118 
I I I C  H C H ( 0 H )  C H J  25 104 


. .  
25  117 


a The same dose was given for 7 consecutive days. The control animals 
received injections of physiological saline. 


ing a t  room temperature for 3 days; after 5 days, it became a yellow 
oil. Another sample of the title compound was stored at 0’; after 
10 and 30 days, i t  melted at 59-60 and 51-54O, respectively, after 
which it became a yellow oil [IR (neat) showed absorptions a t  3350 
and 1630 cm-’, which were absent in the pure epoxide]. 


Screening of Compounds-The screening results listed in Ta- 
bles I-V were carried out by the Drug Research and Development 
Division of the National Cancer Institute, Bethesda, Md., using 
the N.C.I. protocols (35). Unless otherwise stated, the BDFl strain 
of mouse was used as the host. In the evaluation of the compounds 
against the Ehrlich ascites tumor2 (Table VI), the compounds were 
dissolved in physiological saline and injected intraperitoneally 24 
hr after inoculation with 106 tumor cells. Ten tumor-bearing fe- 
male Swiss mice were used in each experiment, with the 10 control 
animals receiving physiological saline intraperitoneally. 


The antimicrobial evaluations were carried out using several 
strains of microorganisms3. The compounds were dissolved in 
methanol and diluted with sterile broth. S. faecalis (stock number 
40) and E. cob (stock number 7) were added to the culture and in- 
cubated a t  37O; growth was checked a t  18 and 24 hr. The culture 
media containing the compounds and C. albicans (stock number 
96) were incubated at  25”. 


In the screen to assess the potential of IId and I I f  as diuretic 
agents, adult male albino rats of the Wistar strain, weighing he- 
tween 225 and 275 g, were fasted overnight (18 hr) with water ad 
libitum. The rats were divided into groups of eight, one control 
group and one group for each dose level of 2,and 15 mg/kg. Each 
rat received an oral load of 2.4 ml of 0.9% NaC1/100 g of body 
weight, administered by means of a graduated syringe fitted with a 
stomach tube. The saline-drug solution or suspension (1.0 ml) was 
administered to each rat intraperitoneally and, in addition, the 
control group received 1 ml/kg of 0.9% NaCl intraperitoneally. 


The rats were placed in metabolism cages and urine was collect- 
ed and recorded for a 6-hr period. It was found that 25 control 
groups of eight rats excreted 52.58% of the volume of the saline 
load with a standard deviation of 11.04%. At 15 mg/kg, IId-, I I f - ,  
and hydrochlorothiazide-treated rats excreted 19.374, 20.50, and 
137.38% of the volume of the saline load, respectively. At 2 mg/kg, 
IId-, I I f - ,  and hydrochlorothiazide-treated rats excreted 37.65, 
52.79, and 113.52% of the volume of the saline load, respectively. 
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Indolizines 11: Search for 
Potential Oral Hypoglycemic Agents 


A. U. DEx and B. P. SAHA 


Abstract 0 A few 1,2-bis(N-alkylaminomethyl)indolizines, simple 
indolizinecarboxylic acids, and several 6-alkoxyindolizine-2-car- 
boxylic acids were synthesized and screened as possible oral hypo- 
glycemic agents. The absence of any significant hypoglycemic ac- 
tivity excludes these compounds from the predicted structural 
lead provided by some hypoglycemic Vinca alkaloids, such as vin- 
camine, vindoline, and vindolinine, having the indolizine ring as 
one structural component. But an extension of the rationale that 
indolizines are also the structural components of some carcinolytic 
Vinca alkaloids, such as vincristine and vinblastine, used in cancer 
chemotherapy provided encouraging results. One indolizine deriv- 
ative showed significant antineoplastic activity in Ehrlich ascites 
carcinoma. 


Keyphrases Indolizine derivatives-synthesized and screened 
as possible oral hypoglycemic agents 0 Hypoglycemic agents, po- 
tential-synthesis and screening of indolizine derivatives An- 
tineoplastic agents-screening of indolizine derivatives 


The rationale for undertaking the synthesis of 
some N- alkyl 1,2,3,3a,4,8b-hexahydroindeno[ 1,2- 
blpyrroles (I) and 2-(N- alkylaminomethy1)indoliz- 
ines (11) as possible oral hypoglycemic agents was dis- 
cussed previously (1,2). Three additional compounds 
(I, R = n-pentyl, and 11, R = n-pentyl or n-hexyl) 
were prepared according to the reported methods (1, 
2) and biologically evaluated (Table I). 


The failure of the compounds (11) to show any sig- 
nificant activity might be due to some undesirable 
biotransformation taking place through the very ac- 
tive 1- and 3-positions of I1 in any of the four inter- 
mediate steps of absorption, transport, barrier pas- 
sage, and metabolism. Therefore, indolizine deriva- 
tives of type 111, having only one active position free, 
were synthesized (Scheme I). 


EXPERIMENTAL 


Chemistry-Ethyl 2-pyridyl acetate (IIIb ), prepared from 2- 
picolyllithium (IIIa ) and ethyl carbonate according to the modifi- 
cation proposed by Goldberg et al. (3), was condensed with ethyl 
bromopyruvate to furnish indolizine 1,2-dicarboxylate (IIIc ) (4). 
The diester was treated with various alkylamines to give 1,2-bis(N- 
alky1carboxamido)indolizines (IIId) and subsequently reduced 


I I1 


Table I-Hypoglycemic Activity0 


Maxi- 
m u m  
Blood 
Sugar 


Com- Lowering, 
pound Compound Type  R % 


1 I 
2 I 


9 I11 
10 I V  
11 I V  
12 V 


H 5 
n-CJL,  7 
n-CsHI1 12 
~ - C ~ H U  10 
CH3 5 
CXH, Nil 
n-C.HT Nil 
n-CaHi Nil 
n-C,HII 5 
H 5 
COOH 4 
CHa 3 


13 V C?Hi 11 
14 Tolbutamide 40 


~~ 


a Hypoglycemic tests were carried out by Central Drug Research In- 
stitute, Lucknow, India, 


with lithium aluminum hydride to 1,2-bis(N-alkylaminomethyl)- 
indolizines (111). The reaction between IIIc and an amine might 
also lead to an imide (IIIe) under the conditions followed, but the 
usual elemental analysis and IR and NMR spectra confirmed the 
diamide structure (IIId). 


The synthesized compounds (111) were inactive. The introduc- 
tion of two basic side chains with one active position free in 111 
abolished the activity in comparison to 11. It appeared that intro- 
ducing an activating group and an acid function in the indolizine 
moiety while keeping positions 1 and 3 free might lead to better bi- 
ological response. Moreover, various carboxylic acids and their de- 
rivatives, such as 5-methylpyrazole-3-carboxylic acid, 5-methyli- 
soxazole-3-carboxylic acid (5), salicylic acid, and mesoxalic acid 
(6), have significant activity. 


The simple indolizinecarboxylic acids (IV: R = H or COOH) 
were already known (4,7) and prepared accordingly. 2-Methylpyr- 
idine-5-sulfonic acid ( V b ) ,  obtained from 2-picoline (Va ) by sulfo- 
nation with fuming sulfuric acid (8), was fused with potassium hy- 
droxide to 5-hydroxy-2-methylpyridine (Vc ) and subsequently 
methylated with diazomethane to 5-methoxy-2-methylpyridine 
(Vd: R = methyl) according to a modification of the method of 
Marion and Cockburn (9). 


Attempts a t  methylation of Vc with methyl iodide and dimethyl 
sulfate completely failed. However, ethylation of Vc with diethyl 
sulfate led to 5-ethoxy-2-methylpyridine (Vd: R = ethyl). The fail- 
ure in alkylation with dimethyl sulfate and methyl iodide might be 
due to the weaker polarized character in C-0 and C-I bonds of 
these molecules in comparison to diethyl sulfate, the ionic charac- 
ter being a necessary feature for this type of reaction. 


Condensation of 5-alkoxy-2-methylpyridines (Vd) with ethyl 
bromopyruvate and their subsequent cyclization with sodium bi- 
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N O T E S  


Effects of Cyproterone Acetate on Uterine 
Motility in Rats 


ELVERA R. ABBATIELLO and JOSEPH CATUOGNO 


Abstract 0 The effect of cyproterone acetate, an antiandrogen, on 
uterine contractility when the compound is administered to rats 
during midpregnancy was investigated. Pregnant Wistar rats were 
given cyproterone acetate subcutaneously on Days 8-11 of gesta- 
tion. The results indicate that cyproterone acetate, either directly 
or indirectly, inhibits uterine contractility, an effect that may ex- 
plain the prolongation of the gestational period observed in all 
treated animals. 


Keyphrases 0 Cyproterone acetate-effect on uterine motility, 
rats Uterine motility-effect of cyproterone acetate, rats 0 Anti- 
androgens-effect of cyproterone acetate on uterine motility, rats 


An antiandrogen is a substance that prevents the 
testicular hormone from exerting its normal effects 
on the organism without interfering with the secre- 
tion of the hormone (1). Therefore, an antiandrogen 
should not cause testicular atrophy. This appears to 
be true of the progestational steroid cyproterone ace- 
tate (6-chloro-l~,2~-dihydro-17-hydroxy-3'H- cyclo- 
propa[ 1,2]pregna-1,4,6-triene-3,20-dione acetate). Its 
toxicity is low, the LD50 being greater than 2 g/kg 
orally in the mouse. 


Preliminary studies have shown that cyproterone 
acetate is: (a) strongly progestational (being 250 
times more active than progesterone), (b) weakly es- 
trogenic (being less than as active as estradiol'), 
and (c) weakly androgenic (being less than %4 as ac- 
tive as testoterone propionate) (2). 


When given to pregnant rats, cyproterone acetate 
antagonizes fetal testicular androgens, leading to 
feminization of the male offspring. Changes produced 
during sexual differentiation are always irreversible, 
in contrast to changes induced in the adult animal 
(3). 


The extensive literature relative to the effects of 
cyproterone acetate on the developing offspring is in- 
complete since little, if any, work has been done to 
determine the effects of this compound on the preg- 
nant mother. Recent investigations in this laboratory 
have shown the following: 


1. The duration of gestation increases in cyproter- 
one acetate-treated rats. 


2. A t  the time of parturition, rats treated during 
gestation with cyproterone acetate cannibalized their 
offspring with much greater frequency than untreat- 


10.3 mm f 1.3* 9.5 mm f 1.9 


CONTROL GROUP PLACEBO GROUP 


7.1 mm f 2.3 6.4mm + 2.2 


GROUP Ill, 
2 mg/DOSE 


GROUP IV. 
10 mg/DOSE 


Figure 1-Spontaneous contractions: paper speed = 0.0005 
cmjsec; time marker = 30 sec; calibration = 5 mm of graph = 
1 mm of contraction. *Height of contraction: mean & SD. 


ed rats. This effect has also been demonstrated in 
mice treated with cyproterone acetate (4,5). 


The present investigation was undertaken to study 
the effect of cyproterone acetate treatment during 
pregnancy on uterine contractions a t  the terminal 
stage of gestation. 


EXPERIMENTAL 


Forty Wistar virgin female rats, average weight 295 g, were 
mated in a 2:l ratio with 20 Wistar male rats2. Vaginal washings 
were performed to detect the presence of sperm or vaginal plugs, 
and positive washings were designated as Day 1 of pregnancy. The 
animals were then randomly divided into four groups of 10 ani- 
mals. 


Group I-The control group received no treatment. 
Group 11-The placebo group received 0.2 ml of a solution of 


benzyl benzoate3 and peanut oil (5050) subcutaneously on Days 
8-11 of gestation. 


Group 111-This test group received 0.2 ml of a solution con- 


1 Vaginal smear method of Allen and Dojsy ( M .  X. Zarrow et ol., "Experi- 
mental Endocrinology: A Sourcebook of Basic Techniques," Academic, New 
York, N.Y., 1964). 
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The animals were obtained from Camm Research Institute, Wayne, N.Y. 
Eastman Organic Chemicals, Rochester, N.Y. 







10.6 mm =t 1.1* 10.0 m m  k 1 . 7  


CONTROL GROUP 


7.3 mm i 2.9 
PLACEBO GROUP 


7.5 mm i 1.86 


GROUP Ill, 
2 mg/DOSE 


GROUP IV, 
10 mg/DOSE 


Figure 2-The effect of 10 punits of oxytocin on uterine con- 
traction. Paper speed = 0.0005 cmlsec; time marker = 30 sec; 
calibration = 5 mm of graph = 1 mm of contraction. *Height 
of contraction: mean =k SD. 


taining 2 mg cyproterone acetate4 dissolved in benzyl benzoate and 
50% peanut oil subcutaneously on Days 8-11 of gestation. This 
dose was chosen because of its frequency of use in previous studies 
as the low dose producing an effect. 


Group IV-This test group received 0.2 ml of a solution con- 
taining 10 mg cyproterone acetate dissolved in benzyl benzoate 
and 50% peanut oil subcutaneously on Days 8-11 of gestation. This 
dose was chosen because it was the standard dose used in several 
reported investigations (3 ,7 ,8) .  


On the 21st day of gestation, the animals were sacrificed. The 
abdominal cavity was opened, the fetuses were removed, and a 10- 
mm section of uterine muscle was obtained. This section was then 
cleaned of all fatty tissue and associated blood vessels and set up 
in a 10-ml isolated organ bath a t  37.5'. The composition of the 
bathing solution was (grams per liter): NaCI, 9; KCI, 0.42; 
NaHCO3, 0.5; CaC12, 0.24; MgC12, 0.44; and glucose, 0.55 (8). The 
bath was aerated with a gas mixture of 95% 0 2  and 5% CO$, and 
the pH was 7. 


Mechanical records were obtained on the physiograph7 through 
an isotonic myograph. 


The spontaneous motility of the isolated preparation was stud- 
ied for 45-60 min. Between 1 and 3 hr, the activity of the uterus 
decreases and this is the most convenient phase for the study of 
drug actions. The effects of 2.5 and 10 punits of oxytocins on the 
isolated uterine muscle were studied within this interval. Each 
dose of oxytocin was injected into the bath as a 0.1-ml solution. 


Assay of the oxytocic effect was accomplished by a bracketing 
procedure (8). It consisted of four doses of oxytocin per compari- 
son: 10 punits followed by 2.5 punits, then 2.5 punits again, and, fi- 


4 Lot 21236, Internal Code 11586B micronized, Schering Corp., Bloom- 
field, N.J. 


All chemicals except glucose were supplied by J. T. Baker Chemical Co., 
Phillipsburg, N.J. Glucose was supplied by Sigma Chemical Chemical Co., 
St. Louis, Mo. 


Matheson Co., East Rutherford, N.J. 
7 Desk model type DMP-4A, Narco-Bio-Systems, Inc., Houston, Tex. * Pitocin, Parke-Davis, Detroit, Mich. 


Table I-Statistical Analysis of Uterine Contract ions 


Spontaneous Contract ions p-Valueso 


Control  versus placebo N.S. 
Control versus G r o u p  I11 0 .0025  
Control  versus G r o u p  IV 0 .0005  
Placebo versus Group 111 0 . 0 1 2 5  
Placebo versus G r o u p  IV 0 .0025  
Group I11 versus Group IV N.S. 
10 punits Oxytocin 
Control versus placebo NS.  
Control versus Group I11 0 .0005  
Control  versus Group  I V  0 .0005  
Placebo versus G r o u p  111 0 .0005  
Placebo versus Group IV 0.0005 
Group I11 uersus G r o u p  I V  N.S. 
2.5 punits Oxytocin 
Control  versus placebo N.S. 
Control versus Group 111 0 . 0 2 5  
Control  versus G r o u p  IV N.S. 
Placebo versus Group  I11 N.S. 
Group I11 uersus G r o u p  I V  N.S. 


t-Test of significance. Degrees of freedom = 18/test. N.S. = not signifi- 
cant. 


nally, 10 punits. Each dose was allowed to act' on the muscle for 10 
min, followed by a flushing of the fluid and a rest period of 6 min 
before the next dose:The bath was also flushed 30 min after the 
initial setup. 


RESULTS 


The control group uterine sections exhibited strong, uniform, 
and continuous contractions, with similar results manifested by 
the sections obtained from placebo animals (Fig. 1). The mean 
strengths of contraction (i.e., measurement of the strongest con- 
traction per strip) were: control, 10.3 f 1.3 mm; and placebo, 9.5 f 
1.9 mm. 


The animals in Group 111 showed a variety of spontaneous activ- 
ity. The range of contractions in the spontaneous activity portion 
was 3-10.5 mm, and the mean strength of contractions was 7.1 f 
2.3 mm. Group IV, except for three samples, exhibited weak but 
continuous contractions, with a mean strength of contraction of 6.4 
f 2.2 mm. 


The decreased spontaneous contractions in the strips taken 
from the cyproterone acetate-t,reated animals suggests that  estro- 
gen dominance in the myometrium is not as great as in the control 
and placebo groups. The effects of 2.5 punits of oxytocin on the 
isolated uterine sections are shown in Fig. 3. The mean strengths 
of contraction were: control, 7.4 f 3.7 mm; placebo, 5.5 f 4.0 mm; 
Group III,4.7 f 3.7 mm; and Group IV, 5.6 f 1.8 mm. 


The data obtained during this investigation indicate that no sig- 
nificant differences in the strengths of contractions exist between 
the control and placebo groups in any of the three parameters 
measured (Table I). Moreover, the strengths of contractions in 
Groups I11 and IV are significantly lower than those of the control 
and placebo groups when comparing spontaneous contractions and 
following the addition of 10 punits of oxytocin to the tissue bath. 
Furthermore, the strengths of contractions in all groups following 
the addition of 2.5 punits of oxytocin are lower but tend to return 
to levels comparable to those obtained spontaneously and subse- 
quent t o  the addition of 10 punits of oxytocin to the tissue bath. 


DISCUSSION 


In the rat, the data obtained during this investigation indicate 
that cyproterone acetate has an inhibiting effect on uterine con- 
tractions. This inhibitory effect is apparent in spontaneous con- 
tractions of the uterine segments as well as in oxytocin-induced 
contractions. 


The ovulatory cycle in the rat is considered to  be 5-6 days. The 
animal will mate only when in estrus, a period of high estrogen 
concentration. Once conception occurs, progesterone synthesis in- 
creases to a higher level than estrogen in an effort to maintain 
pregnancy. This high level of progesterone continues until ap- 
proximately midpregnancy, at which time estrogen levels slowly 
begin to increase. Estrogen dominance occurs late in the last week 
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of pregnancy and is needed to initiate uterine excitability and in- 
duce contractions at a force capable of expelling the fetuses. 


It appears from this study that the administration of cyproter- 
one acetate, an antiandrogenic, progestational compound, a t  mid- 
pregnancy prolongs the progesterone dominance. That the action 
of this compound is prolonged is in agreement with the findings of 
Bridge and Scott (2) who observed that prostatic secretion in dogs 
treated with cyproterone acetate was abolished for a period greater 
than 47 days after the termination of drug treatment. 


The duration of action of this compound would also explain the 
increase in the gestational period of rats treated at midpregnancy 
with cyproterone acetate and the inability of these animals to de- 
liver a t  term, Since the undelivered fetuses continue to grow, 
forceful and painful expulsion might account for the high percent- 
age of cannibalization observed in these animals (4). 


Since i t  was determined that the force of contractions is reduced 
following the administration of cyproterone acetate, investigations 
are presently in progress to assay the levels of estrogens and pro- 
gesterone in the treated animals. The results obtained from these 
studies are important in elucidating the mechanism of action of 
this compound on uterine contractility. 
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Anticonvulsant Activity of 
N, N’- Bis[ 3 - (3 -substituted urea) propyllpiperazines 


ARVIND K. CHATURVEDI *, JAYANTI P. BARTHWAL *, 
SURENDRA S. PARMAR *Sx, and VIRGIL I. STENBERG + 


Abstract Several N,N‘- bis[3-(3-substituted urea)propyl]pipera- 
zines were synthesized and characterized by their sharp melting 
points, elemental analyses, and IR spectra. All substituted pipera- 
zines were found to possess anticonvulsant activity, which was re- 
flected by 20-70% protection observed against pentylenetetrazol- 
induced seizures in mice. Some of these compounds inhibited oxi- 
dation of pyruvic acid by rat brain homogenate. No correlation 
could be observed between the anticonvulsant activity possessed 
by these substituted piperazines and their ability to inhibit the ox- 
idation of pyruvic acid. 


Keyphrases 0 N,N’-Bis[3-(3-substituted urea)propyl]pipera- 
zines-synthesis, anticonvulsant activity and relationship to inhi- 
bition of pyruvic acid oxidation 0 Structure-activity relation- 
ships-fl,N’-bis[3-(3-substituted urea)propyl]piperazines, anti- 
convulsant activity, rats, inhibition of pyruvic ., acid oxidation 


Oxidation, pyruvic acid-effect of piperazinoureas, relationship 
to anticonvulsant activity Piperazines, N,N‘- bis[3-(3-substitut- 
ed urea)propyl]-synthesis, anticonvulsant activity and relation- 
ship to inhibition of pyruvic acid oxidation 


Anticonvulsant, antireserpine, and central nervous 
system (CNS) depressant properties exhibited by 
substituted piperazines (1, 2) and the inhibition of 
the oxidation of pyruvic acid by N,N‘- bis[3-(3-substi- 
tuted thiourea)propyl]piperazines (3) possessing an- 
ticonvulsant activity ( 4 )  led to the synthesis of some 
N,N‘-bis[3-(3-substituted urea)propyl]piperazines 
(piperazinoureas). In the present study, a t -  


tempts were made to correlate the anticonvulsant ac- 
tivity possessed by these piperazinoureas with their 
enzyme inhibitory effectiveness. 


EXPERIMENTAL’ 


N,N-Bis[3-(3-substituted urea)propyl]piperazines (I-XILI) 
-Compounds I-XIII were prepared by refluxing a mixture of N,N’- 
bis(3-aminopropyl)piperazine* (0.01 mole) and the appropriate 
isocyanate (0.02 mole) in dry benzene on a steam bath for 2 hr. Ex- 
cess benzene was removed by distillation under reduced pressure. 
The solid mass which separated out was collected by filtration and 
recrystallized from suitable solvents. These substituted pipera- 
zinoureas were characterized by their sharp melting points, elemen- 
tal analyses?, and IR spectra (Table I). 


Determination of Anticonvulsant Activity-Anticonvulsant 
activity was determined in mice of either sex weighing 25-30 g. 
The mice were divided into groups of 10, keeping the group 
weights as near the same as possible. Each piperazinourea was sus- 
pended in 5% aqueous gum acacia to give a concentration of 0.25% 
(w/v). The test compound was injected in a group of 10 animals at  
a dose of 100 mg/kg ip. 


Four hours after the administration of the piperazinourea, the 
mice were injected with pentylenetetrazol (90 mg/kg s c ) .  This dose 


’ All compounds were analyzed for their carbon, hydrogen. and nitrogen 
content. Melting points were taken in open capillary tubes and are correct- 
ed. IR spectra were obtained with Perkin-Elmer Infracord spectrophotome- 
ter model 137 equipped with NaCl optics in KBr films in the range of 700- 
3500 cm-1. 


Aldrich Chemical Co., Milwaukee, Wis. 
Central Drug Research Institute, Lucknow, India. 
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Synthesis of 
5-  (3,3-Disubstituted- 1 -triazenyl)imidazole-4-carbonitriles 


Y. FULMER SHEALY and C. ALLEN O'DELL 


Abstract The 3,3-dimethyl-, 3-n-butyl-3-methyl-, 3-(2-hydrox- 
yethyl)-3-methyl-, 3,3-bis(2-fluoroethyl)-, and 3,3-bis(2-chlo- 
roethy1)-1-triazenyl derivatives of imidazole-4-carbonitrile were 
prepared from 5-diazoimidazole-4-carbonitrile, a stable compound 
which produced a mass spectrum consistent with its structure. In 
contrast to the corresponding carboxamides, none of the triazenyl- 
imidazole-4-carbonitriles were active against lymphatic leukemia 
L-1210 in mice. Like the analogous carboxamide, the bis(2-chlo- 
roethy1)triazene readily cyclizes to the 1,2,3-triazolinium chloride. 


Keyphrases 0 Triazenylimidazoles-derivatives of imidazole-4- 
carbonitrile, synthesis 0 Diazoimidazolecarbonitrile-synthesis 
and stability Triazenes-synthesis of 5-(3,3-disubstituted-l-tri- 
azenyl)imidazole-4-carbonitriles, screened against leukemia L- 
1210 O Antileukemia activity-triazenylimidazolecarbonitriles 
screened 


The effect of structural modifications on the an- 
tineoplastic activity of triazenes may be evaluated by 
varying the substituents on either the terminal nitro- 
gen atom or the aryl (or heteroaryl) moiety. When 
the primary amide group of 5-(3,3-dimethyl-l-tria- 
zenyl)imidazole-4-carboxamide (Ia) was replaced by 
ester groups (1-3), activity was retained. However, 
the esters, with the exception of the methyl ester 
(Ib), were somewhat less effective against L-1210 
lymphoid leukemia than was Ia, and some of the 
ester analogs (Ic) with terminal substituents identi- 
cal with those of active congeners (Id) of Ia did not 
show significant activity. Further alteration of the 
imidazole moiety of imidazole triazenes was effected 
by replacing the amide group of Ia and a few of its 
active congeners (Id) with a nitrile group. 


DISCUSSION 


5-Aminoimidazole-4-carbonitrile (11) (4, 5) was prepared by 
dehydrating 5-aminoimidazole-4-carboxamide with phosphorus 
oxychloride (Scheme I) (6). The amino nitrile was diazotized in 
aqueous solution, and 5-diazoimidazole-4-carbonitrile (111) was 
isolated (80-90% yield) by extraction with ethyl acetate and was 
easily recrystallized. The IR spectrum included identifying bands 
a t  3100 (imidazole CH), 2240 (CN), and 2185 (diazo group, strong) 
em-'. The mass spectrum of this diazoheterocycle was readily ob- 
tained and included prominent peaks arising from the molecular 
ion (m/e  119), loss of nitrogen (m/e  91), and loss of nitrogen and 
HCN (m/e 64), as well as metastable ions of m/e 69.6 (119 - 91) 
and 45.0 (91 - 64). 


Coupling of 111 with the appropriate amine in ethyl acetate (or 
in ethyl acetate-ethanol) furnished the dimethyltriazenyl (IVQ ), 
n-butylmethyltriazenyl (IVb), and (2-hydroxyethy1)methyltri- 
azenyl (IVc) derivatives. Reactions of 111 with bis(2-fluoroeth- 
y1)amine in aqueous solution or with bis(2-chloroethy1)amine in 
methylene chloride gave the bis(2-fluoroethy1)triazenyl (IVd) 
and bis(2-ch1oroethyl)triazenyl (We) derivatives, respectively. 
Triazenes IVa, IVb, and IVd were also obtained by diazotizing I1 
and allowing the coupling reaction to proceed in situ. 


Material isolated after reaction of I11 with bis(2-chloroethy1)am- 
ine contained 10-40'36 of the isomeric 1,2,3-triazolinium salt (V) as 
well as the triazene (IVe). Washing the isolated material with 
water reduced the amount of V to 5-10%. The triazolinium salt 


was isolated from the aqi.dous filtrate and was also prepared by 
stirring a mixture of IVe and aqueous methanol. The IR spectra of 
the triazenes (IVd-IVe) included a medium strong band at 1495- 
1500 cm-', whereas the triazolinium salt (V) produced a strong 
band a t  1510 cm-*. Although the analogous amide (NSC-82196) 
may be stored in the solid state a t  -15 to -2OO for prolonged peri- 
ods (7), triazene IVe slowly cyclizes to V under comparable condi- 
tions. The amount of V in a specimen of IVe stored a t  -15 to -2OO 
had increased from about 10% to about 30% after 50 days. The hy- 
drochloride of IVe, as well as the free base, cyclized to V rapidly in 
dimethyl sulfoxide solution. 


The bis(2-fluoroethy1)triazene (IVd) was readily isolated and 
purified without the difficulties accompanying the obtainment of 
We.  However, a UV absorption study showed that IVd changes 
rapidly a t  approximately pH 13 and indicated that the triazo- 
linium fluoride analogous to V was formed. There was also evi- 
dence of a slower-presumably analogous-change in phosphate 
buffer. 


All of the triazenes (IVa-IVe) and the diazoimidazole (111) were 
tested against lymphatic leukemia L-1210 in mice on the dosage 
schedules of Day 1, Days 1, 5, 9, and Days 1-9. Newly prepared 
specimens of IVe were used in these tests, and all compounds were 
injected within 5 min of the preparation of suspensions or solu- 
tions. No significant antileukemic activity was observed in any of 
these tests (Table I); in contrast, all of the corresponding imidaz- 
olecarboxamides (Ia and Id) analogous to IVa-IVe are active 
against L-1210 leukemia (8-10). Except for the bis(2-fluoro- 
ethy1)triazene (IVd), triazenes IVa-IVe either were nontoxic (at  
doses up to 400 mg/kg) or were less toxic than the amide analogs. 
Although the failure of IVe to show activity may be due to its labil- 
ity, the absence of observed activity by the remaining triazenes- 
and, perhaps, IVe-must be ascribed to replacement of the pri- 
mary amide group by the nitrile group. 


EXPERIMENTAL' 


During all operations employed in the preparation, isolation, 
and purification of the triazenes (IVa-IVe) and the diazo deriva- 
tive (III), the compounds were routinely protected from light. 
Specimens were routinely stored at  5' except for the bis(2- 
ha1oethyl)triazenyl derivatives, which were stored a t  -15 to -2OO. 
5-Aminoimidazole-4-carbonitrile (11) (4,5)-This compound 


was prepared by the method of Suzuki et ~ l .  (6), except that  the 
period of heating 5-aminoimidazole-4-carboxamide hydrochloride 
in phosphorus oxychloride was shortened to 2 hr to improve the 
yield (yields 40-50%); IR: 2220 and 2210 (CN) cm-I; mass spec- 
trum (direct-probe inlet temperature of 40O): m/e 108 (M),  81 (M 
- HCN), and 54 (81 - HCN). 
5-Diazoimidazole-4-carbonitrile (111)-A solution of 5.20 g 


UV spectra were recorded with a Cary model 17  or model 14 spectropho- 
tometer. UV maxima are in nanometers; sh = shoulder. Solutions for UV de- 
terminations were prepared by diluting a 5-ml aliquot of an ethanol solution 
(water for V) to SO ml with 0.1 N HCI, phosphate buffer (pH 7), or 0.1 N 
NaOH; absorption maxima are reported as being at  pH 1, 7, or 13, respec- 
tively. IK spectra were recorded with a Perkin-Elmer model 621 or model 
521 spectrometer from samples in KBr disks. NMR spectra were determined 
with a Varian model A-6OA spectrometer for observing proton resonance at  
60 MHz. Chemical shift data (6) are in parts per million downfield from tet- 
ramethylsilane, the internal reference. Mass spectral data were taken from 
low-resolution spectra determined with a Hitachi-Perkin-Elmer RMU-7 
double-focusing instrument (70-ev electrons); M = molecular ion. Melting 
temperatures were determined in capillary tubes heated in a Mel-Temp ap- 
paratus and are nut corrected. Unless otherwise indicated, TLC was per- 
formed on plates of silica gel H in chloroform-methanol ( 9 1 )  and spots were 
detected by: (a)  UV light (254 and 365 nm) and (b) UV light (254 nm) after 
spraying the chromatogram with an  optical whitening agent (Ultraphor WT, 
BASF Colors and Chemicals, Inc., Charlotte, N.C.). The quantity applied is 
shown parenthetically at appropriate places in the procedures. 
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Table I-Tests of 5- (3,3-Disubstituted-l-triazenyl) imidazole-4-carbonitriles against  L-1210 Leukemia- 


Dose. me /ke*  


Compound Day 1 Days 1, 5, 9 Days 1-9 Resultsc 


IVa 


IVb 


IVC 
IVd 


IVe 
I11 


400 


400 (6/6) 
300, 150, 75 
400, 200, 100 
150 (5/6) 
75 (-2.6) 
400; 200, ioo 
25 (4/6) 
12 (-2.0) 


400, 200, 100 


300, 150, 75 
400, 200, 100 
75 6/61  
37 (-2.7), 18 
400, 200, 100 


12 (-1.9) 
6 (-2.1), 3 


200 (-2.8), 100 
400 (6/6) 


300, 150, 75 
400d, 200, 100 
37 (6/6) 


400, 200, 100 
18 (-3.2), 9 (-1.9) 


12 (-3.5) 
6 (-1.9), 3 


I ,  NT  
T 
T 
I ,  NT 
I, NT 
T 
I ,  NT 
I ,  NT 
T 
I, N T  
I ,  NT 


Tests were performed in accordance with protocols of the National Cancer Institute (11). These compounds were administered intraperitoneally in saline 
containing polysorbate 80 (Tween 80); the suspensions or solutions were prepared no more than 5 min prior to injection. * Numbers in parentheses give data 
either for deaths (treated/total) on or before Day 5 or for the difference (AW) in weight change (negative numbers, grams) on Day 5. Values for AW that were 
positive or were leas than -1.8 g in magnitude are not shown. AW = average change in weight of treated mice minus average change in weight of control 
mice. This summary of results applies to all of the doses listed on the same line in columns 2-4. I = inactive, T = toxic, and NT = nontoxic according to 
protocol criteria. AW = - 1.8 g. 


(48 mmoles) of I1 in 50 ml of 2 N hydrochloric acid was added, 
dropwise, during 45 min to a stirred solution of 3.32 g (48 mmoles) 
of sodium nitrite in 50 ml of water a t  0-5'. The red solution was 
stirred at  0-5" for 45 min and then extracted with ethyl acetate (5 
x 100 ml). The organic solution was dried with magnesium sulfate, 
treated with activated charcoal, and concentrated in uacuo to a 
crystalline residue. The residue was triturated with cyclohexane, 
washed on a filter with cyclohexane, and dried in uacuo a t  56' for 
0.5 hr and at room temperature for 3 hr; the yield was 4.85 g (85%), 
mp 96-99'. 


A specimen was recrystallized by treating a warm ethyl acetate 
solution of crude material with activated charcoal, diluting the hot 
filtrate with cyclohexane, and cooling the mixture, mp 97-100'; IR 
[medium and strong (s) bands in 3600-1000-cm-' region]: 3100 
(imidazole CH), 2240 (CN), 2185 s (diazo), 1465,1425 s, 1320,1285, 
1260, 1225 s, 1150 s, and 1105 cm-'; UV: A,,, 270 (sh) and 309 (c  
9000) nm in 0.1 N HCI; mass spectrum (direct-probe inlet temper- 
ature of 40'): m/e 119 (M), 91 (M - N2), 69.6 (metastable, 119 - 
91), 64 (91 - HCN), and 45.0 (metastable, 91 - 64). 


Anal.-Calc. for C4HNs: C, 40.34; H, 0.85; N, 58.81. Found: C, 
40.31; H, 1.17; N, 58.65. 
5-(3,3-Dimethyl-l-triazenyl)imidazole-4-carbonitrile ( IVa)  


-To a solution of 10 ml of anhydrous dimethylamine, 80 ml of 
ethyl acetate, and 10 ml of ethanol a t  0' was added, portionwise 
and with stirring, 1.5 g of the diazoimidazole (111). Stirring at  0' 
was continued for 1 hr, and the solvents were evaporated in UQCUO. 


The solid residue was triturated with ethyl acetate-cyclohexane 
( l : l ) ,  washed with ethyl acetate, and dried in uacuo at  56'; the 
yield was 1.98 g (87%), mp 186-189' dec. 


A solution of the product in 100 ml of hot ethanol was treated 
with activated charcoal, filtered, diluted with 100 ml of cyclohex- 
ane, and stored a t  5'; the yield of recrystallized IVa was 1.25 g 
(55%), mp 187-189' dec. (inserted at  loo', 3'/min); TLC: 1 spot 
(20 or 40 fig); IR: 2225 (CN) cm-I; UV: A,,, 225 (c  11,200) and 326 
(c  15,300) nm in phosphate buffer (pH 7) and 235 (c  15,500) and 
333 ( c  11,600) nm in 0.1 N NaOH; NMR (CF3COOD): 6 3.48 (s, 
CH:O, 3.78 (s, CHd, and 8.63 (s, imidazole CH). 


Anal.-Calc. for C6HsN6: C, 43.89; H, 4.91; N, 51.20. Found: C, 
43.54; H, 4.82; N. 51.08. 
5-(3-Butyl-3-methyl-l-triazenyl)imidazole - 4-carbonitrile 


(1Vb)-A solution of 173 mg of sodium nitrite in 4 ml of water was 
added slowly to a solution of 250 mg of the aminonitrile (II), 8 ml 
of water, and 2 ml of 2 N HCl a t  0-5". The mixture was stirred a t  
0-5' for 0.5 hr, filtered to  remove a small amount of precipitate, 
and treated with sulfamic acid to decompose excess nitrite. Butyl- 
methylamine (2 ml) was added to the cold solution, and the mix- 
ture was stirred for 1 hr a t  0-5' and filtered to separate a precipi- 
tate (255 mg). Recrystallization of the crude product from a mix- 
ture of ethyl acetate (5 ml) and cyclohexane (12 ml) afforded white 
needles; the yield was 200 mg (42%), mp 103-105' dec. (inserted a t  
80°, 2'/min); TLC: 1 spot (40 or 80 fig); IR: 2225 (CN) cm-I; UV: 
A,,, 226 ( c  11,600) and 328 ( 6  15,600) nm in phosphate buffer (pH 
7) and 236 ( c  16,600) and 334 (c  11,500) nm in 0.1 N NaOH. 


And-calc.  for CgHldN6: C, 52.41; H, 6.84; N, 40.75. Found: C, 
52.71; H, 7.08; N, 40.62. 
5-[3-(%-Hydroxyethyl)-%-methyl - l-triazenyl]imidazole-4- 


carbonitri le (1Vc)-This compound was prepared from 111 (476 
mg) and N-methylethanolamine (1 ml) in ethyl acetate (20 ml) by 
the procedure used for IVQ except that  the reaction was carried 
out a t  room temperature. Sufficient methanol was added to  dis- 
solve a gummy material which precipitated in the reaction mix- 
ture, the solution was treatzd with activated charcoal, and the fil- 
trate was concentrated in uacuo to a syrup. Stirring the residue 
with ethyl acetate (15 ml) containing methanol (1 ml) gave a crys- 
talline solid (670 mg) which was recrystallized from ethyl acetate- 
cyclohexane (or, on a larger scale, from ethyl acetate-ethanol-cy- 
clohexane); the yield was 570 mg (72%), mp 153-155' dec. (insert- 
ed a t  60°, 3'/min); TLC: 1 spot (40 or 80 pg); IR: 2220 (CN) cm-'; 
UV: Amax 225 (c  11,300) and 327 ( e  15,600) nm in phosphate buffer 
(pH 7) and 235 ( c  15,500) and 333 (e  11,900) nm in 0.1 N NaOH. 


Anal.-calc. for C7HloNsO: C, 43.28; H, 5.19; N, 43.28. Found: 
C, 43.24; H, 5.11; N, 43.19. 
5-[3,3-Bis(2-fluoroethyl) - l-triazenyl]imidazole-4-carboni- 


\ R? 
Iu: X = NH,, R, = & = CH, 
Ib: X = OCHa R, = R2 = CHJ 
Ic: X = OR, Rl = CH3, & = alkyl 
Id X = NH2, R, = CH, R2 = alkyl 


111 
I1 J 


V NU: R, = Rz = CH, 
IVb: RI = CHB, & = n-C,H, 
IVc: R, = CH3, RL = CH,CH20H 
IVd: R, = & = CH,CH2F 
IVe: R, = RL = CH,CH,CI 


Scheme I 
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trile (1Vd)-A solution of 4.56 g of bis(2-fluoroethy1)amine hy- 
drobromide (12), 20 ml of water, and 12 ml of 2 N aqueous sodium 
hydroxide was prepared a t  0' and added in one portion to a solu- 
tion of 1.0 g of the diazo derivative (111) in 30 ml of water a t  0-5'. 
An orange precipitate formed immediately. The mixture was 
stirred at 0-5' for 15 min, and the precipitate was separated by fil- 
tration, washed thoroughly with water, and dried in uacuo at 55' 
for 45 min and a t  room temperature for 3 hr; the yield was 1.45 g, 
mp 125-128' dec. 


A warm solution of the product in ethyl acetate (56 ml) was 
treated with activated charcoal, filtered, diluted with cyclohexane 
(20 ml), and chilled; the yield of recrystallized IVd was 1.2 g (62%), 
mp 129-131' dec. (inserted a t  75O, 3O/min); TLC, 1 spot [40 pg, sil- 
ica gel H, chloroform-methanol (95:5), detection by 12, UV, and 
UV + whitening agent]; IR (KBr): 2220 (CN) cm-I; UV: A,,, 226 
(c 9600) and 323 (c  15,000) nm in 0.1 N HCI, 226 (c 11,400) and 328 
( C  14,200) nm in phosphate buffer (pH 7), and unstable in 0.1 N 
NaOH; mass spectrum (direct-probe inlet temperature of ,200'): 
m/e 228 (M), 120 [M - N(CHZCH~F)~] ,  108 [ (FCH~CHZ)~N+] ,  and 


Anal.-Calc. for C S H I ~ F ~ N ~ :  C, 42.10; H, 4.42; N, 36.83. Found: 
C, 42.07; H, 4.43; N, 36.52. 


A 10-ml aliquot of an ethanol solution of IVd was diluted to  200 
ml with 0.1 N NaOH, and UV spectra of aliquots were determined 
a t  intervals up to 2.5 hr. The spectrum changed rapidly and within 
20 min was essentially identical with that of V in 0.1 N NaOH: 
Amax 234 ( c  10,500), 307 ( c  4200), and 412 (c 13,300) nm. 
5-[3,3-Bis(2-chloroethyl) - l-triazenyl]imidazole-4-carbon- 


itrile (We)-A solution of bis(2-chloroethy1)amine free base 'was 
prepared from 8.96 g of the hydrochloride and 150 ml (2 X 75 ml) 
of methylene chloride by the procedure described previously (7). 
To this solution at 15' was added 2.0 g of the diazoimidazole (111); 
the solution was stirred for 15 min, treated with activated charcoal, 
filtered, and diluted with 150 ml of cyclohexane. An oil precipitat- 
ed and solidified when the mixture was chilled. The crystalline 
product was collected by filtration, washed with methylene chlo- 
ride-cyclohexane (l : l) ,  and dried in uacuo a t  room temperature; 
the yield was 3.97 g, mp 195-197' dec. (inserted a t  70', 3'/min). 


The crude product was stirred in 50 ml of water in the dark for 5 
min, separated by filtration, washed with water, and dried in 
uacuo; the yield was 3.76 g (86%); NMR (CFBCOOD): d 4.17 (center 
of A& multiplet, CHzCH2CI) and 8.73 (s, imidazole CH). The 
NMR spectrum showed that this specimen was about 90% IVe and 
about 10% V ( 6  5.1,8.2). NMR analyses showed that the amount of 
V increased to about 15% after this specimen was kept for 20 days 
at  -15 to -20' and that the amount of V in another specimen 
stored similarly had increased from about 10% to about 30% after 
50 days. The melting temperature, 196-198' dec. (inserted at 70°, 
3"/min), was the same as that of the triazolinium chloride (V). 
When a specimen was inserted a t  130°, it melted immediately, 
resolidified, and remelted a t  196-198O dec. 


Anal.-Calc. for C&IloCl&: C, 36.79; H, 3.86; N, 32.19. Found: 
C, 36.51; H, 3.65; N, 32.16. 


The IR spectra of typical specimens of IVe containing 5-10% of 
V included the following bands in the 1600-1200-cm-' region: 1570 
m, 1510 sh, 1495 m, 1450 s, 1420 m, 1395 ms, 1375, 1355 ms, 1335 
ms, 1285 ms, 1275, 1265 ms, 1220, and 1210 sh. A medium strong 
band a t  1100 cm-' and medium bands a t  1160 and 1140 cm-' were 
in a region where V showed only weak bands (at  1180, 1170, and 
1135 cm-I); other prominent bands in the spectra of IVe were a t  
2230 s (CN), 955, and 650 cm-'. The shoulder a t  1510 cm-I in the 
spectra of specimens of IVe was probably due to the presence of 
the triazolinium salt (V). Attempts to correlate the results of NMR 
assays of IVe samples containing different amounts (5-40%) of V 
with IR spectra indicated that IVe was sometimes partly convert- 
ed to V during the preparation of the potassium bromide disk. 


A hydrochloride of IVe was prepared as follows. A mixture of 
350 mg of IVe, 20 ml of ether, and 40 ml of methanol was filtered, 
the filtrate was treated with an excess of hydrogen chloride, the 
turbid mixture was filtered, and the filtrate was concentrated to a 
syrup in uacuo. Evaporation of several portions of ether from the 
residue converted it to a crystalline solid, which was washed with 
several portions of ether and dried in uacuo; the yield was 280 mg. 


92 (120 - Nz). 


The NMR spectra (CFsCOOD) of the hydrochloride and the free 
base were identical. 


Anal.-Calc. for CsH10C12N6. HCI: C, 32.29; H, 3.73; N, 28.24. 
Found: C, 32.52; H, 3.48; N, 28.58. 
l-(2-Chloroethyl)-3-(5-cyanoimidazol-4-yl)-Az-l,2,3-triazo- 


linium Chloride (V)-Another experiment performed by the pro- 
cedure described for the reaction of 111 and bis(2-chloroethy1)am- 
ine afforded a crude product that  contained (NMR analysis) about 
40% of the 1,2,3-triazolinium salt (V). A suspension of this material 
(2.9 g) in 40 ml of water was stirred in the dark for 5 min. The in- 
soluble fraction (1.88 g) was separated by filtration and was shown 
by NMR analysis to be the bis(2-ch1oroethyl)triazene (IVe), con- 
taining about 10% of V. The filtrate was treated with activated 
charcoal, filtered, and lyophilized. 


The residual, yellow crystalline solid was triturated with ethyl 
acetate and dried in uacuo at 56'; the yield was 640 mg, mp 197- 
199' dec. (inserted a t  70', 3'/min); UV: Amax 232 (e  13,100), 252 
(plateau), and 345 (c 8800) nm in 0.1 N HCl; 233 (e  11,300), 277 ( c  
3750), and 375 (c  8300) nm in phosphate buffer (pH 7); 233 ( c  
10,500), 305 ( c  4200), and 410 (e 13,600) nm in 0.1 N NaOH; IR 
(1600-1200-~m-~ region): 1575 ms, 1510 s, 1460 ms, 1440, 1420 s, 
1365,1350,1325,1300,1280 s ,  1270 s, and 1210 cm-I; also medium 
strong IR bands at 3120, 2510 (broad), 2230 (CN), 930, and 865 
cm-'; NMR (CF3COOD): d 4.38 (center of A& multiplet, 
CH2CH2CI), 5.12 (multiplet approaching singlet, CHZCH~) ,  and 
8.25 ( s ,  imidazole CH). 


Anal.-Calc. for CsHloClzNs: C, 36.79; H, 3.86; C1, 27.16; N, 
32.19. Found: C, 36.71; H, 3.78; C1.27.18; N, 32.41. 


Compound V was also prepared by stirring isolated IVe in 90% 
methanol; several days were required to complete the cyclization 
because of the sparing solubility of IVe. 
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The so-called crisis in medical malpractice insurance’has been very much 
in the news, both in the lay press and in the medical press. All of this, of 
course, has grown out of a rather recent inclination on the part of the public 
to hold individual medical practitioners personally responsible for perfor- 
mance at  a certain accepted level or standard. 


Many feel that the pendulum has swung much too far, with the result that 
damages awarded are excessive, liability findings in some cases are unjusti- 
fied, and many physicians have resorted to practicing “defensive medicine” 
in an effort to protect themselves. Be this as it may, the fact remains that 
medical malpractice lawsuits have become a major concern in the medical 
field. 


Except perhaps for attorneys who specialize in food and drug law, relative- 
ly few people in the area of pharmaceutical production and distribution are 
even aware that a somewhat comparable situation potentially exists with re- 
spect to liability relative to the manufacture and distribution of pharmaceu- 
tical products. 


To date, most action on the part of regulatory agencies is directed either a t  
a specific product or a corporation. That is to say, a particular product is al- 
leged to be adulterated or misbranded and is condemned or seized; or in 
other cases, a specific corporation is found to be in violation of good manu- 
facturing practices and may be forced to close down. 


For some time, however, questions have been asked as to whether this line 
of enforcement is either adequate or effective. Comments have been made to 
the effect that a certain major corporation when found guilty pays its $lo00 
fine and the next day resumes its multimillion dollar business with no real 
effort to correct the situation about which court action was initiated. In 
other instances, it has been felt that those responsible for supplying the pub- 
lic with pure food and with safe and effective drugs have not exercised suffi- 
cient concern, with the result that substantial injury-and a t  times, even 
death-have directly resulted. This experience has prompted thoughtful ob- 
servers to suggest that enforcement-related action in more cases should be 
against persons within the corporation, and that such court action might 
even take the form of prosecution on the basis of criminal liability. 


A case is now before the United States Supreme Court, United States u. 
Park, in which the president of a major food company has been held to be 
criminally responsible for not seeing that necessary steps were taken to pre- 
vent rodents from contaminating food stored in one of his corporation’s 
warehouses. The outcome of this test case will undoubtedly have a signifi- 
cant impact on the degree of personal liability individuals may be held to 
have in the case of pharmaceutical manufacturing and distribution. 


Indeed, it is reported that proposed revisions in good manufacturing prac- 
tice (GMP) regulations for large-volume parenterals will place direct and 
specific responsibility on the designated quality assurance officer for certify- 
ing as to the qualifications of the manufacturing plant, all processes and pro- 
cedures in the production of the article, and the suitability of the container 
and its enclosure before the product is released. Undoubtedly, many ques- 
tions can be raised as to who specifically should bear the responsibility if 
criminal liability action is brought as the result of some defective product. 


Although he did not originate it, Harry Truman made famous the com- 
ment “the buck stops here!” But again, where is “here”? Is it the person or 
persons who work out the formulation, or is it those who prepare the formu- 
lation, or is it those who are responsible for assuring the quality of the for- 
mulation, or is it those in some high strata of company management? These 
are questions which eventually the courts will decide. 


In the meantime, it appears to us that the only prudent course of action 
for everyone involved in drug production is to perform in a manner as if such 
liability does rest directly on one’s personal shoulders. 


But, even putting the issue of personal liability aside, isn’t such an atti- 
tude what we ought to expect from those who have assumed responsibility 
for producing and supplying our drug products? At  times, it seems that a 
good deal of lip service is given to the term “a reputable manufacturer.” 
Saying “we are sorry” after having a recall for a defective drug product really 
is not sufficient. A reputable drug manufacturer, in the true sense, is one 
which, to the extent possible, takes the necessary actions to anticipate and 
prevent the defect from occurring. It seems to us that companies as well as 
individual employees and corporation executives who perform with this phi- 
losophy will have little cause for concern in the event that criminal liability 
does indeed become a strategy of drug quality enforcement. 








Research, University of Saskatchewan, Saskatoon, Saskatchewan, 
undertook the testing against the Ehrlich ascites carcinoma. The 
antimicrobial evaluation of certain of the compounds described 
was supervised by Dr. V. S. Gupta of the Department of Veterina- 
ry Physiology, University of Saskatchewan. Thanks are extended 


to Mrs. J. L. Brandvold who prepared several of the compounds 
and to Dr. D. G. K. Gorecki of the College of Pharmacy, University 
of Saskatchewan, who undertook the screening of IId and IIf as 
potential diuretic agents. 
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Indolizines 11: Search for 
Potential Oral Hypoglycemic Agents 


A. U. DEx and B. P. SAHA 


Abstract 0 A few 1,2-bis(N-alkylaminomethyl)indolizines, simple 
indolizinecarboxylic acids, and several 6-alkoxyindolizine-2-car- 
boxylic acids were synthesized and screened as possible oral hypo- 
glycemic agents. The absence of any significant hypoglycemic ac- 
tivity excludes these compounds from the predicted structural 
lead provided by some hypoglycemic Vinca alkaloids, such as vin- 
camine, vindoline, and vindolinine, having the indolizine ring as 
one structural component. But an extension of the rationale that 
indolizines are also the structural components of some carcinolytic 
Vinca alkaloids, such as vincristine and vinblastine, used in cancer 
chemotherapy provided encouraging results. One indolizine deriv- 
ative showed significant antineoplastic activity in Ehrlich ascites 
carcinoma. 


Keyphrases Indolizine derivatives-synthesized and screened 
as possible oral hypoglycemic agents 0 Hypoglycemic agents, po- 
tential-synthesis and screening of indolizine derivatives An- 
tineoplastic agents-screening of indolizine derivatives 


The rationale for undertaking the synthesis of 
some N- alkyl 1,2,3,3a,4,8b-hexahydroindeno[ 1,2- 
blpyrroles (I) and 2-(N- alkylaminomethy1)indoliz- 
ines (11) as possible oral hypoglycemic agents was dis- 
cussed previously (1,2). Three additional compounds 
(I, R = n-pentyl, and 11, R = n-pentyl or n-hexyl) 
were prepared according to the reported methods (1, 
2) and biologically evaluated (Table I). 


The failure of the compounds (11) to show any sig- 
nificant activity might be due to some undesirable 
biotransformation taking place through the very ac- 
tive 1- and 3-positions of I1 in any of the four inter- 
mediate steps of absorption, transport, barrier pas- 
sage, and metabolism. Therefore, indolizine deriva- 
tives of type 111, having only one active position free, 
were synthesized (Scheme I). 


EXPERIMENTAL 


Chemistry-Ethyl 2-pyridyl acetate (IIIb ), prepared from 2- 
picolyllithium (IIIa ) and ethyl carbonate according to the modifi- 
cation proposed by Goldberg et al. (3), was condensed with ethyl 
bromopyruvate to furnish indolizine 1,2-dicarboxylate (IIIc ) (4). 
The diester was treated with various alkylamines to give 1,2-bis(N- 
alky1carboxamido)indolizines (IIId) and subsequently reduced 


I I1 


Table I-Hypoglycemic Activity0 


Maxi- 
m u m  
Blood 
Sugar 


Com- Lowering, 
pound Compound Type  R % 


1 I 
2 I 


9 I11 
10 I V  
11 I V  
12 V 


H 5 
n-CJL,  7 
n-CsHI1 12 
~ - C ~ H U  10 
CH3 5 
CXH, Nil 
n-C.HT Nil 
n-CaHi Nil 
n-C,HII 5 
H 5 
COOH 4 
CHa 3 


13 V C?Hi 11 
14 Tolbutamide 40 


~~ 


a Hypoglycemic tests were carried out by Central Drug Research In- 
stitute, Lucknow, India, 


with lithium aluminum hydride to 1,2-bis(N-alkylaminomethyl)- 
indolizines (111). The reaction between IIIc and an amine might 
also lead to an imide (IIIe) under the conditions followed, but the 
usual elemental analysis and IR and NMR spectra confirmed the 
diamide structure (IIId). 


The synthesized compounds (111) were inactive. The introduc- 
tion of two basic side chains with one active position free in 111 
abolished the activity in comparison to 11. It appeared that intro- 
ducing an activating group and an acid function in the indolizine 
moiety while keeping positions 1 and 3 free might lead to better bi- 
ological response. Moreover, various carboxylic acids and their de- 
rivatives, such as 5-methylpyrazole-3-carboxylic acid, 5-methyli- 
soxazole-3-carboxylic acid (5), salicylic acid, and mesoxalic acid 
(6), have significant activity. 


The simple indolizinecarboxylic acids (IV: R = H or COOH) 
were already known (4,7) and prepared accordingly. 2-Methylpyr- 
idine-5-sulfonic acid ( V b ) ,  obtained from 2-picoline (Va ) by sulfo- 
nation with fuming sulfuric acid (8), was fused with potassium hy- 
droxide to 5-hydroxy-2-methylpyridine (Vc ) and subsequently 
methylated with diazomethane to 5-methoxy-2-methylpyridine 
(Vd: R = methyl) according to a modification of the method of 
Marion and Cockburn (9). 


Attempts a t  methylation of Vc with methyl iodide and dimethyl 
sulfate completely failed. However, ethylation of Vc with diethyl 
sulfate led to 5-ethoxy-2-methylpyridine (Vd: R = ethyl). The fail- 
ure in alkylation with dimethyl sulfate and methyl iodide might be 
due to the weaker polarized character in C-0 and C-I bonds of 
these molecules in comparison to diethyl sulfate, the ionic charac- 
ter being a necessary feature for this type of reaction. 


Condensation of 5-alkoxy-2-methylpyridines (Vd) with ethyl 
bromopyruvate and their subsequent cyclization with sodium bi- 
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Table 11--Antineoplastic Activity" of Diethylindolizine-l,2-dicarboxylate (IIIc) in 
Ehrlich Ascites Carcinoma 


Aver- 


Average Average 
Number of Number of 


age Average Weight 
Percent Weight of 


Inhibition of Ascitic 
of Ascitic Ascitic Fluid 


Percent 
Inhibition 
of Ascitic 


Cells per Cells per Cells, Fluid in in T/C. Fluid, 


into Each  Animal Control (C) Tes t  (T) Cells X 100 (C), g (T), g Fluid X 100 
Cells Injected Milliliter in Milliliter in T / C  of (1 - T / C )  Control Test  Ascitic (1 - T/C) 


18.5 X lo6 450.0 X lo6 8 0 . 5  X lo6 0.1788 82.12 0 .8  0 . 2  0.25 75.00 
Mitomycin 450.0 X lo6 0 0 100.00 0.8 0 0 100.00 


(as standard), 
18.5 X lo6 


Antiieoplastic activity test was carried out by B.C. Panda (14). 


carbonate (7) gave 6-alkoxyindolizine-2-carboxylic acids ( V  R = 
methyl or ethyl), confirmed by the usual elemental analysis and IR 
and NMR spectra (Scheme 11). Attempts to prepare 6-hydroxyin- 
dolizine-2-carboxylic acid ( V  R = H) from Vc and ethyl bromopy- 
ruvate according to various methods (4,7,10) failed in the cycliza- 
tion step, although the quaternary salt formation in the intermedi- 
ate step took place. This failure in cyclization of the quaternary 
salt might be due to some deactivating influence of the hydroxy 
group in contrast to an alkoxy substituent a t  the same position. 


Biological Activity-Hypoglycemic activity of the synthesized 
compounds are recorded in Table I. The absence of any significant 
activity in the indolizine derivatives (11-V) excludes at  least this 
class of compounds (11) from the purview of Svoboda's (12) pre- 
diction on the structural lead provided by some hypoglycemic 
Vinca alkaloids. However, three types of structural variations on a 
prototype molecule were examined. A comparison of the relative 
activities of the compounds (11-V) indicates that the introduction 
of two basic side chains and the freeing of one active position as in 
111 substantially decrease the activity. The other two variations, 
made by including an activating group and/or an acid function, re- 
tain less (type IV compounds) or about the same degree of activity 
(type V compounds) as the prototypes. 


Hypoglycemic activity was determined orally a t  a dose level of 
250 mghg body weight in each group of three overnight fasted al- 
bino rats, using tolbutamide as the standard. Blood sugar was esti- 
mated a t  0, 2, and 4 hr according to the method of Nelson and 
Somogyi (13), and the maximum blood sugar lowering values were 
recorded. 


The rationale for the synthesis of some indolizine derivatives, 


W H. 
LO 


IIIa 
Rr 


IIIc 
1 R N H l  


IIIb 


IIId IIIe 
ILIAIH,  


being the constituents of some carcinolytic Vinca alkaloids such as 
vincristine and vinblastine, has been extended in the field of can- 
cer chemotherapy also. With an exploratory objective, several in- 
dolizine derivatives were tested in Ehrlich ascites carcinoma, with 
ascitic live cell count and tumor weight being the activity parame- 
ters (14). Diethyl indolizine-1,2-dicarboxylate showed significant 
activity (Table 11). Both the control and test groups contained five 
healthy Swiss albino mice of the same sex and approximately the 
same age and body weight (18-20 9). 


The compounds were administered as suspensions in sterile 
buffered isotonic saline (pH 7.2) at a dose level of 50 mg/kg ip. Mi- 
tomycin, also in the same vehicle, was used as a standard at a dose 
level of 1 mg/kg. A fixed number of Ehrlich ascites carcinoma cells, 
collected from the donor mice, was transplanted into the intraperi- 
toneal cavities of the control and test groups. 


A day of incubation was allowed; then from the 2nd day seven 
consecutive doses were administered. Evaluation was made on the 
9th day on the basis of the live cell counts and weight of the ascitic 
fluids collected from the intraperitoneal cavities of the control and 
test groups. Food and water were withheld 6 hr before the testing 
operation started. 


Systematic investigations are being conducted with a wide vari- 
ety of indolizines, and the results of investigations will be reported 
later. 


Syntheses1-N-n-Pentyl-l,2,3a,4,8b-Hexahydroindeno[ 1,2-b]- 
pyrrole (I)-Compound I was prepared according to the meth- 
od described earlier (1) from 1,2,3,3a,4,8b-hexahydroindeno[l.2- 
blpyrrole (2 g, 12.58 mmoles) and n-pentyl bromide (2.09 g, 13.84 
mmoles). The product was distilled at  120"/0.6 mm to provide a col- 
orless liquid. The yield was 0.7 g (24%). mp (picrate) 118;119". 


Anal. -Calc. for C1&& C, 83.85; H, 10.04; N, 6.11. Found: C, 
83.90; H, 9.71; N, 5.93. 


I,2-Bis(N-alkylcarboxamido)indolizines (IZId)-A mixture of 
diethyl indolizine-1,2-dicarboxylate (IIIc, 1 mole) and the appro- 
priate alkylamine (2.2 moles) was heated in a sealed tube for 8 hr 
in a water bath. The diamide was purified by crystallization from 
dilute ethanol (Table 111). 


IIId (R = methyl): IR "2: 3201 (NH) and 1652 (C=O) cm-'. 
IIId (R = n- butyl): IR Y:: 3020 (NH) and 1650 (C=O) cm-'. IIId 
(R = methyl): NMR (CDC13) 7 1.93-2.26 (3 H, 3-H, 5-H, and 8-H), 
2.83-3.57 (2 H, 6-H and 7-H), 5.5-5.9 (2 H, 1-CONHCHS and 2- 


CONHCH3), a total of 13 protons. The ratio of aliphatic protons 
to aromatic protons was: calc., 1.6; found, 1.576. 
I,2-Bis(N-alkylaminomethyl)indolizines (III)-The appropri- 


ate diamide (IIId, 1 mole) was reduced with lithium aluminum hy- 


CONHCHs), 7-7.16 (3 H, 2-CONHCH3), and 8.53-8.77 (3 H, 1- 


IV 


All melting points are uncorrected. IR spectra were determined in a Per- 
kin-Elmer spectrophotometer, and NMR spectra were determined in a Var- 
ian A60 spectrometer calibrated against tetramethylsilane at 60 MHz, 540- 
cps sweep width, and 300-cps sweep offset. 
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Table 111-Characteristics of Substituted Indolizines 


Analysis, % 
Com- Melting 
pound Ri Rz R3 Point  Boiling Point  Formula Calc. Found 


115 


IIa 


11. 


IIQ 


IIIdb 


IIId 


IIId 


IIId 


IIId 


1IIc.d 


IIId 


IIP 


IIIC 


IIId 


V 


V 


Ve 


-CONH-n-CsHii 


-CONH-n-CeHi3 


-CHZNH-n-C5Hii 


-CHzNH-n-C6Hi3 


-CONHCH3 


- CONHCzHS 


--CONH-n-CsH7 


-CONH-n-CsHg 


--CONH-n-C5Hii 


-CHzNHCH3 


-CHZNHCzHS 


- C H ~ N H - ~ - C ~ H I  


-CHZNH-~-CIHS 


-CHzNH-n-C5Hii 


COOH 


COOH 


COOCH3 


158-160' 
dec. 


- 


- 


- 


168-170" 


184-186" 


11%112" 


108-lloo 


113-115' 


103-104" 


- 


- 


- 


- 


170-172 " 
dec. 


dec. 
193-194" 


96-97 " 


120-125"/ 
0.8 m m  


0.5-0.6 m m  


0.9 m m  


0.5-0.7 mm 


120-125'/ 


110-115"/ 


115-120'/ 


72-74'/ 
0.8 m m  


105"/0.6 mm 


60-65"/1 mm 


65-67"/0.65 
m m  


C 73.05 
H 7.83 
N 12.17 c 73.77 
H 8.20 
N 11.48 c 77.77 
H 9.26 
N C 12.96 78.27 


H 9.57 
N 12.17 
C 62.34 
H 5.63 
N 18.18 
C 64.86 
H 6.56 
N 16.21 
C 66.89 
H 7.32 
N 14.64 
C 68.58 
H 7.93 
N 13.33 
C 69.97 
H 8.45 
N 12.25 
C 70.94 
H 8.37 
N 20.68 
C 72.73 
H 9.09 
N 18.18 
C 74.13 
H 9.65 
N 16.21 
C 75.26 
H 10.10 
N 14.63 
C 76.19 
H 10.47 
N 13.33 
C 62.84 
H 4.71 
N 7.33 
C 64.39 
H 5.37 
N 6.82 
C 64.39 
H 5.37 
N 6.82 


73.13 
7.90 
12.21 
73.82 
8.12 
11.53 
77.41 
9.62 
12.54 
78.44 
9.41 
12.20 
62.40 
5.61 
18.18 
65.00 
6.52 
16.11 
66.81 
7.36 
14.90 
68.50 
8.01 
13.42 
70.11 
8.41 
12.30 
71.10 
8.29 
20.60 
72.75 
9.10 
18.20 
74.32 
9.51 
16.15 
74.98 
10.31 
14.51 
76.10 
10.51 
13.41 
63.00 
4.52 
7.50 
64.50 
5.41 
6.72 
64.51 
5.21 
6.84 


a Methods described in Ref. 2. b Prepared from dry methylamine gas. c Crystallized from petroleum ether (bp 40-60°). d Reduction was done in tetrahydro- 
furan. Reduction was done in ether. 


dride (2 moles) in sodium-dried tetrahydrofuran or ether by re- 
fluxing for 16 hr. Excess lithium aluminum hydride was decom- 
posed with water and filtered, and the filtrate was dried over anhy- 
drous sodium sulfate. The solvent was removed in uacuo, and the 
residual crude amine was purified by crystallization from petrole- 
um ether (bp 40-60') or by distillation under reduced pressure to 
yield a colorless to pale-yellow product (Table 111). 
5-Hydroxy-2-methylpyridine (Vc)-2-Methylpyridine-5-sul- 


fonic acid (Vb, 28 g, 0.162 mole), potassium hydroxide (102 g, 1.82 
moles), and water (5 ml) were thoroughly mixed in a wrought-iron 
pan. The mass was slowly heated to 200' when it melted and was 
maintained at  this temperature for 10 min. The melt was cooled, 
dissolved in water (100 ml), partly neutralized with about 100 ml 
of concentrated hydrochloric acid, treated with charcoal, and fil- 
tered. 


The filtrate was finally neutralized with carbon dioxide under 
cooling in an ice bath. A pale-yellow phenolic compound precipi- 
tated, and it was filtered, washed with two 5-ml portions of ice 
water, dried at  loo', and extracted with dry chloroform in a soxhl- 
et apparatus. The solvent was removed to yield white and extreme- 


ly light needles (12 g), mp 167-169'. A second crop of phenol (4 g) 
was obtained by evaporating the mother liquor in an enamel tray 
on a steam bath to dryness and then in a vacuum desiccator and fi- 
nally extracting with chloroform as already described. The total 
yield was 16 g (90.9%). 


5-Alkoxy-2-methylpyridines (Vd)-5-Methoxy-2-methylpyr- 
idine (Vd:R = methyl) was prepared from 5-hydroxy-2-methylpyr- 
idine (Vc:O.lO mole) and diazomethane (0.26 mole) in the usual 
way (91, mp (picrate) 133-134'. 


5-Ethoxy-2-methylpyridine (Vd: R = ethyl) was prepared as fol- 
lows. 5-Hydroxy-2-methylpyridine (Vc: 12 g) was dissolved in so- 
dium hydroxide (lo%, 44 ml), and diethyl sulfate (20.4 g) was 
added dropwise with stirring and heating on a water bath. The 
reaction mixture was kept distinctly alkaline to phenolphthalein 
by the simultaneous dropwise addition of sodium hydroxide (10%). 
After the addition was over, the reaction mixture was refluxed for 
8 hr, cooled, and extracted with ether. 


The ether layer was dried over anhydrous sodium sulfate. Ether 
was removed and the residual liquid was distilled at 50-55'/1 mm 
to yield 5-ethoxy-2-methylpyridine as a colorless liquid (4 g, 
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26.33%); the picrate crystallized from diluted ethanol, mp 142- 
144O. The alkaline mother liquor was neutralized with carbon 
dioxide, and 5-hydroxy-2-methylpyridine (1 g) was recovered. 


Anal. -Calc. for CsH11NO C, 70.08; H, 8.03; N, 10.22. Found C, 
70.1; H, 8.20; N, 9.91. 
6-Alkoxyindolizine-2-carboxylic Acids (V) -A solution of 5- 


alkoxy-2-methylpyridine (Vd: R = ethyl, 4 g, 19.5 mmoles) and 
ethyl bromopyruvate (5.7 g, 29.2 mmoles) in chilled absolute etha- 
nol (22.8 ml) was heated under anhydrous conditions on a steam 
bath for 4 hr and kept at room temperature for 3 days. To reduce 
the reaction time, the method was modified by using cold, dry ace- 
tone (15 ml) in place of ethanol, and the mixture was heated on a 
steam bath for 1.5 hr only. The solvent was removed by distillation 
under reduced pressure, the cold residue was diluted with water 
(20 ml), and the solution was extracted with chloroform to remove 
the colored impurities. 


Sodium bicarbonate was added until effervescence ceased, and 
the liberated 5-alkoxy-2-methylpyridine (1.8 g) was extracted with 
ether. Sodium bicarbonate (2.3 g) was added to the aqueous solu- 
tion and the mixture was heated on a steam bath for 4 hr. While 
still warm the solution was acidified with 2 N hydrochloric acid to 
furnish a buff to chocolate-colored precipitate and was then re- 
crystallized from ethanol (1 g). It gave intense blue fluorescence in 
ethanol and blue spots with Ehrlich's reagent (Table 111). 
6-Methoxyindolizine-2-carboxylic acid (V: R = methyl): IR Y g:i 


2950 (OH), 1670 (C=O), and 1252 (C-0) cm-I. 6-Ethoxyindoliz- 
ine-2-carboxylic acid (V R = ethyl): IR Y 5:: 2980 (OH), 1671 
(C=O), and 1255 (C-0) cm-'. 


Methyl-6-methoxyindoline-2-carboxylate (Ve: R = Methy& 


To a suspension of 6-methoxyindolizine-2-carboxylic acid ( V  R = 
methyl, 0.7 g) in dry ether (5 ml), a solution of diazomethane (0.3 
g) in ether (15 ml) was added slowly to maintain a gentle evolution 
of nitrogen gas. The reaction was allowed to continue overnight 
and the resulting solution was filtered. The solvent was removed to 
furnish a crude product, which was crystallized from'diluted etha- 
nol as yellow crystals (0.1 g), mp 96-97' (Table 111); IR  Y gB,' 1713 
(C=O) and 1220 (C-0) cm-l; NMR (CDCl3): T 6.234.33 (6 H, 
OCHB and COOCH3) and 2.396-3.698 (5 H, 1-H, 3-H, 5-H, 7-H, 
and 8-H), a total of 11 protons. The ratio of aliphatic protons to ar- 
omatic protons was: calc., 1.2; found, 1.18. 
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of pregnancy and is needed to initiate uterine excitability and in- 
duce contractions at a force capable of expelling the fetuses. 


It appears from this study that the administration of cyproter- 
one acetate, an antiandrogenic, progestational compound, a t  mid- 
pregnancy prolongs the progesterone dominance. That the action 
of this compound is prolonged is in agreement with the findings of 
Bridge and Scott (2) who observed that prostatic secretion in dogs 
treated with cyproterone acetate was abolished for a period greater 
than 47 days after the termination of drug treatment. 


The duration of action of this compound would also explain the 
increase in the gestational period of rats treated at midpregnancy 
with cyproterone acetate and the inability of these animals to de- 
liver a t  term, Since the undelivered fetuses continue to grow, 
forceful and painful expulsion might account for the high percent- 
age of cannibalization observed in these animals (4). 


Since i t  was determined that the force of contractions is reduced 
following the administration of cyproterone acetate, investigations 
are presently in progress to assay the levels of estrogens and pro- 
gesterone in the treated animals. The results obtained from these 
studies are important in elucidating the mechanism of action of 
this compound on uterine contractility. 
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Anticonvulsant Activity of 
N, N’- Bis[ 3 - (3 -substituted urea) propyllpiperazines 


ARVIND K. CHATURVEDI *, JAYANTI P. BARTHWAL *, 
SURENDRA S. PARMAR *Sx, and VIRGIL I. STENBERG + 


Abstract Several N,N‘- bis[3-(3-substituted urea)propyl]pipera- 
zines were synthesized and characterized by their sharp melting 
points, elemental analyses, and IR spectra. All substituted pipera- 
zines were found to possess anticonvulsant activity, which was re- 
flected by 20-70% protection observed against pentylenetetrazol- 
induced seizures in mice. Some of these compounds inhibited oxi- 
dation of pyruvic acid by rat brain homogenate. No correlation 
could be observed between the anticonvulsant activity possessed 
by these substituted piperazines and their ability to inhibit the ox- 
idation of pyruvic acid. 


Keyphrases 0 N,N’-Bis[3-(3-substituted urea)propyl]pipera- 
zines-synthesis, anticonvulsant activity and relationship to inhi- 
bition of pyruvic acid oxidation 0 Structure-activity relation- 
ships-fl,N’-bis[3-(3-substituted urea)propyl]piperazines, anti- 
convulsant activity, rats, inhibition of pyruvic ., acid oxidation 


Oxidation, pyruvic acid-effect of piperazinoureas, relationship 
to anticonvulsant activity Piperazines, N,N‘- bis[3-(3-substitut- 
ed urea)propyl]-synthesis, anticonvulsant activity and relation- 
ship to inhibition of pyruvic acid oxidation 


Anticonvulsant, antireserpine, and central nervous 
system (CNS) depressant properties exhibited by 
substituted piperazines (1, 2) and the inhibition of 
the oxidation of pyruvic acid by N,N‘- bis[3-(3-substi- 
tuted thiourea)propyl]piperazines (3) possessing an- 
ticonvulsant activity ( 4 )  led to the synthesis of some 
N,N‘-bis[3-(3-substituted urea)propyl]piperazines 
(piperazinoureas). In the present study, a t -  


tempts were made to correlate the anticonvulsant ac- 
tivity possessed by these piperazinoureas with their 
enzyme inhibitory effectiveness. 


EXPERIMENTAL’ 


N,N-Bis[3-(3-substituted urea)propyl]piperazines (I-XILI) 
-Compounds I-XIII were prepared by refluxing a mixture of N,N’- 
bis(3-aminopropyl)piperazine* (0.01 mole) and the appropriate 
isocyanate (0.02 mole) in dry benzene on a steam bath for 2 hr. Ex- 
cess benzene was removed by distillation under reduced pressure. 
The solid mass which separated out was collected by filtration and 
recrystallized from suitable solvents. These substituted pipera- 
zinoureas were characterized by their sharp melting points, elemen- 
tal analyses?, and IR spectra (Table I). 


Determination of Anticonvulsant Activity-Anticonvulsant 
activity was determined in mice of either sex weighing 25-30 g. 
The mice were divided into groups of 10, keeping the group 
weights as near the same as possible. Each piperazinourea was sus- 
pended in 5% aqueous gum acacia to give a concentration of 0.25% 
(w/v). The test compound was injected in a group of 10 animals at  
a dose of 100 mg/kg ip. 


Four hours after the administration of the piperazinourea, the 
mice were injected with pentylenetetrazol (90 mg/kg s c ) .  This dose 


’ All compounds were analyzed for their carbon, hydrogen. and nitrogen 
content. Melting points were taken in open capillary tubes and are correct- 
ed. IR spectra were obtained with Perkin-Elmer Infracord spectrophotome- 
ter model 137 equipped with NaCl optics in KBr films in the range of 700- 
3500 cm-1. 


Aldrich Chemical Co., Milwaukee, Wis. 
Central Drug Research Institute, Lucknow, India. 
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Table I--Pnysical Constants of 
N,N'-Bis  [3- (3-substi tuted urea) propyllpiperazines 


Com- 
pound R 


IR 


_- 


Analysis,  % Re- Speitrab 
Melt ing Yield, crystall ization ( C O N H ) ,  
Point"  % Solvent  Formula cm - l  Calc. F o u n d  


I 


I1 


I11 


IV 


V 


VI 


VII 


VIII 


IX 


X 


XI  


XI1 


XI11 


149' 


202 ' 


227' 


195-197" 


225' 


235 ' 


238' 


203" dec. 


> 270 O 


175' 


196" 


182' 


203 ' 


55 


90 


60 


75 


85 


60 


77 


82 


83 


62 


82 


60 


80 


Dioxane 


Dioxane 


Acetic acid 


N itroben zene 


Acetic acid 


Acetic acid 


Acetic acid 


Acetic acid 


Acetic acid 


Acetonitri le 


Nitrobenzene 


Dioxane 


Nitrobenzene 


1640 


1640 


1650 


1650 


1660 


1655 


1650 


1655 


1660 


1650 


1650 


1655 


1640 


C 56.14 
H 9.94 
N 24.56 
C 65.75 
H 7.76 
N 19.17 
C 66.95 
H 8.15 
N 18.02 
C 66.95 
H 8.15 
N 18.02 
C 66.95 
H 8.15 
N 18.02 
C 56.80 
H 6.31 
N 16.56 
C 56.80 
H 6 .31  
N C 16.56 56.80 


H 6.31 
N 16.56 
C 48.32 
H 5.37 
N 14.09 
C 62.65 
H 7.63 
N 16.86 
C 62.65 
H 7.63 
N 16.86 
C 63.87 
H 7.98 
N 15.96 
C 63.87 
H 7.98 
N 15.96 


56.00 
10.00 
24.31 
66.13 
7.85 


19.43 
66.76 


8.42 
18.42 
67.03 


8.32 
18.13 
67.25 
7.94 


18.20 
56.66 
5.95 


16.21 
56.96 
6.33 


16.70 
56.72 
6.55 


16.36 
48.44 
5.57 


13.96 
62.40 


7.94 
16.56 
62.70 
7.78 


16.69 
64.01 
8.23 


16.08 
63.92 
8.15 


16.09 
- ~~ 


" All nielting points were taken in open capillary tubes and are corrected. * All substituted piperazinoureas showed their characteristic absorptions for 
CONH. 


of pentylenetetrazol has been shown not only to produce convul- 
sions in almost all untreated mice but also to exhibit 100% mortali- 
ty during 24 hr (5). However, no mortality was observed during 24 
hr in animals treated with 100 mg/kg of the test compounds alone. 


The mice were then observed for 60 min for seizures. An episode 
of clonic spasm that persisted a t  least 5 sec was considered a 
threshold convulsion. Transient intermittent jerks and tremulous- 
ness were nor. counted. Animals devoid of threshold convulsions 
during the 60 min were considered protected. The number of ani- 
mals protected in each group was recorded, and the anticonvulsant 
activity of these substituted piperazinoureas was represented as 
percent protection. In the present study, no anticonvulsant activi- 
ty  was observed in animals treated with 5% aqueous gum acacia so- 
lution alone. The animals were then observed for 24 hr and their 
mortality W a c  recorded. 


Toxicity Eltudies-The approximate 50% lethal dose (approxi- 
mate LD50 vdues) of the substituted piperazinoureas (Table 11) 
was determined in albino mice of either sex, weighing 20-25 g, by 
following the method reported earlier (6). 


Determination of Respiratory Activity of R a t  Brain Ho- 
mogenate4-Male albino rats, kept on ad libitum diet, were used 
in all experinents. Rats, 100-150 g, were sacrificed by decapita- 
tion. The brz ins were removed immediately and homogenized in 
ice-cold 0.25 M sucrose in a Potter-Elvehjem homogenizer in a 


Commercial chemicals were used. Sodium pyruvate, adenosine mono- 
phnsphate (sodium salt), and cytochrome c were obtained from Sigma 
Chemical Co., i t .  I,ouis, Mo. Other common chemicals were obtained from 
British Drug House, Bombay, India. 


ratio of 1:9 (w/v). All incubations were carried out a t  37' in the 
conventional Warburg manometric apparatus, using air as the gas 
phase (5). The oxygen uptake was measured a t  10-min intervals. 


Fresh rat brain homogenate (1 ml) equivalent to 100 mg wet 
weight was added to chilled Warburg vessels containing 6.7 mM 
magnesium sulfate, 20 mM sodium hydrogen phosphate buffer so- 
lution (pH 7.4), l mM adenosine monophosphate (sodium salt), 33 
mM potassium chloride, and 500 pg of cytochrome c in a final vol- 
ume of 3 ml unless otherwise stated. The central well contained 0.2 
ml of 20% KOH solution. Pyruvate was used at a final concentra- 
tion of 10 mM. It was presumed that the endogenous NAD, pres- 
ent in this homogenate, was sufficient for the oxidation of sodium 
pyruvate. 


All substituted piperazinoureas were dissolved in propylene gly- 
col (100%) and were used a t  a final concentration of 1 X M. 
An equal volume of propylene glycol was added to the control ves- 
sels. 


RESULTS AND DISCUSSION 


In the present study, N,N'-bis[3-(3-substituted urea)propyl]pip- 
erazines were synthesized and evaluated for their anticonvulsant 
activity. The degree of protection afforded by these pipera- 
zinoureas against pentylenetetrazol-induced seizures and the 24-hr 
mortalities are recorded in Table 11. These results indicated that 
the compounds possessing 70% protection (X and XIII) also pro- 
vided greater protection against pentylenetetrazol-induced mortal- 
ity in the experimental animals. However, such a relationship be- 
tween greater anticonvulsant activity and less mortality was not 


Vol. 64, No. 3, March 1975 / 455 







Table 11-Anticonvulsant Activity of N,N'-Bis [3- (3-substituted urea) propyllpiperazines a n d  Their Inhibitory 
Effects on  t h e  Oxidation of Pyruv ic  Acid by  Rat B r a i n  Homogenates  


Anticonvulsant Pentylenetetrazol 


Compound Protection 24 hr, % Valuesa, m g / k g  
Activitya, % Mortali ty '  a f t e r  Approximate LD50 


Inhibition*, % 


I 50 50 >3200 37 5 + 1 44 
I1 


I11 
I V  
V 


V I  
V I I  


V I I I  
IX 


50 
50 
60 
40 
40 
30 
20 
40 


50 
40 
30 
20 
30 
40 
20 
30 


s-3200 
1600 
1600 


>1600 
> 1600 
>ie,nn ~ __.. 


>I600 
1600 


- . . - - - . - - 
Nil  
2 0 . 1  f 1 . 4 0  
1 7 . 4  i 1 . 4 1  
19.5 i 1 . 9 5  
1 5 . 2  =t 1 . 5 1  
Nil - ..- 
Ni l  
N i l  


X 70 10 >I600 1 7 . 5  f 1 . 2 0  
XI 40 50 >I600 31.5 f 0 . 8 5  


XI1 50 40 >I600 1 4 . 2  =k 0 . 9 2  
X TI1 70 20 1600 5 2 . 7  f 2 . 6 0  


a Screening procedures for the determination of the anticonvulsant activity and the approximate LDso values are described in the text. Substituted pipera- 
zinoureas were administered (100 mg/kg ip) 4 hr before the administration of pentylenetetrazol (90 mg/kg). Mortality in pentylenetetrazol-treated animals was 
observed for 24 br. b Vessel contents and assay procedures are described in the text. Each experiment was done in duplicate, and the values are the mean values 
of four separate experiments with * standard error of the mean. The oxygen uptake was measured a t  10-min intervals during a 1-hr incubation. The percentage 
inhibition was calculated from the decrease in the oxygen uptake per 100 mg wet brain weight. The mean oxygen uptake during oxidation of pyruvic acid, in 
the absence of piperazinoureas, was 150.46 i 1.41 g l / l O O  mg/hr. The final concentrations of pyruvic acid and substituted piperazinoureas were 10 and 1 mM, 
respectively. 


sufficiently uniform (e.g., Table 11: 50% protection = 50 or 40% 
mortality; 40% protection = 20 or 30% mortality; 20% protection = 
20% mortality). 


Each piperazinourea was found to be devoid not only of the sed- 
ative or CNS-depressant effect but also of 24-hr mortality in the 
100-mg/kg dose used in the present study. Thus, 24-hr mortality 
in the experimental animals accounts for the toxic effects of pent- 
ylenetetrazol. The anticonvulsant activity of these piperazinoureas 
ranged from 20 to 70%. Maximum activity was observed with com- 
pounds possessing o - C H ~ - C ~ H ~  (XI and p-OC2H5-CeH4 (XIII) 
as substituents a t  position R of their structure. Minimum protec- 
tion was observed with the piperazinourea having a p-C1-CfiH4 
(VIII) substituent a t  position R. These piperazinoureas possessed 
low toxicity, which was reflected by their high approximate LDs0 
values o f  1600 mg/kg or higher. 


The inhibitory effects of substituted piperazinoureas on the oxi- 
dation of pyruvic acid by rat brain homogenates are presented in 
Table 11. The degree of inhibition by these compounds, when used 
a t  a final concentration of 1 X M, ranged from 14.2 to 52.7%; 
piperazinoureas possessing CsH5, m-Cl-CsH4, p-Cl-C6H4, and 
m-Br-CsH4 substituents a t  position R of their structure (11, VII, 
VIII, and IX, respectively) were devoid of the inhibitory property. 
Maximum inhibition was observed with the compound possessing 
the P - O C ~ H S - C ~ H ~  substituent (XIII), while the piperazinourea 
possessing o - O C ~ H S - C ~ H ~  substituent (XII) at position R was the 
least effective inhibitor. 


Inhibition of certain metabolic processes in the brain has been 
proposed as a biochemical basis for the mechanism of action of 
various CNS depressants (7, 8). A parallelism was observed be- 
tween greater in uiuo hypnotic activity of some compounds and 
their ability to cause greater in uitro inhibition of respiration (9, 
10). In spite of the maximum inhibition observed with Compound 
XIII, which also possessed maximum anticonvulsant activity, the 
present study failed to provide any definite correlation between 
the anticonvulsant activity possessed by these substituted pipera- 
zinoureas and their ability to inhibit the oxidation of pyruvic acid 
by rat brain homogenates. 


Similar results were reported earlier with 3,4,5-trimethoxy- 
benzamides (11). I t  is hoped that further detailed pharmacological 
and toxicological studies and investigations on the activity of sub- 
stituted piperazinoureas on other enzyme systems will reflect a 
biochemical basis for their anticonvulsant activity. 
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Interaction of Metronidazole with 
Metallic Ions of Biological Importance 


YIE W. CHIEN, HOWARD J. LAMBERT, and DILIP R. SANVORDEKER" 


Abstract The possibility that  metronidazole exerts several of its 
biological actions uia interaction with important metal ions was in- 
vestigat.ed. NMR spectroscopy and polarography (ac) were used to 
test for any interaction, to locate the probable sites for complexa- 
tion, and to determine the molecular stoichiometry of any com- 
plexes formed. Of the series of divalent metal ions tested, only cu- 
pric ion showed detectable interaction with metronidazole. The 
predominant site of interaction of cupric ion was the unsubstituted 
nitrogen atom (N-3) on the metronidazole molecule. The stoichi- 
ometry of the complex was [Cu-(metronidazole)4]+*. A likely struc- 
ture for the complex is presented. 


Keyphrases C] Metronidazole-interaction with divalent metal 
ions studied using NMR spectroscopy and ac polarography Me- 
tal ions. divalent-potential interaction with metronidazole stud- 
ied using NMR spectroscopy and ac polarography Interactions, 
potential-metronidazole and divalent metal ions, studied using 
NMR spectroscopy and ac polarography 


Metronidazole' (1-/3-hydroxyethyl-2-methyl-5-ni- 
troimidazole) (I) has been shown to be an effective 
agent against protozoal and anaerobic microbial in- 
fections (1-5). The antimicrobial activity of metro- 
nidazole against anaerobes is superior to that of its 
analogs as demonstrated by its minimum inhibitory 
concentration (MIC) (6, 7). On the basis of these re- 
sults, it was proposed that metronidazole can act se- 
lectively as an electronic sink, inhibiting the metabol- 
ic activity of ferredoxin and hydrogenase systems in- 
volved in the phosphoroclastic reaction in the anaer- 
obes. More recently, it was proposed that a favorable 
environment exists in anaerobic microorganisms 
which creates a concentration gradient for the entry 
of this drug into the microbial cell (8). 


The purpose of this investigation was to test 
whether metronidazole, like other imidazole com- 
pounds, possesses an affinity for complexation with 
metallic ions that are known to be of biological signif- 
icance. The biological importance of metalloproteins 
and metalloenzymes in living organisms is well docu- 
mented (9). Since metronidazole might interact with 
such molecules, its activity in the presence of trace 
amounts of metal ions was examined in aqueous solu- 
tions. Studies were conducted with the aid of polaro- 
graphic and NMR spectroscopic techniques to pro- 
vide information on the type of complex as well as to 


I Flagyl. C. D. Searle ((i Co. 


detect the site of complexation on the imidazole nu- 
cleus. 


EXPERIMENTAL 


Materials-All metallic salts used were analytical reagent 
grade. Metronidazole2 was used as obtained. 


NMR-Deuterium oxide?, 99.7% pure, was used for the prepara- 
tion of all solutions. Prior to the study, stock solutions of CuC12 
(1.7 X M ) ,  MgC12 ( 1  X lo-' M), FeCI:I 
(3.6 X M ) ,  FeClz (2.01 X M ) ,  CoCI2 (2.57 x M), 
NiC12 (1.74 X M )  were prepared 
and stored in a refrigerator. 


AC Polarography-Triple-distilled instrument mercury4 was 
utilized in a dropping mercury electrode. For the preparation of all 
solutions, fresh deionized, triple-distilled water was used to pre- 
pare 0.2 M KCl solution. The KCI solution was utilized as a sup- 
porting electrolyte solution to prepare the solutions of CuC12 (8 X 


M ) ,  metronidazole (8 X M ) ,  and metronidazole-CuClz 
combinations just prior to the study. 


Procedure-NMR-A weighed amount (100 mg) of metronida- 
zole was transferred to a 10-ml volumetric flask to which a known 
volume of a metallic salt stock solution was added. Then DnO was 
added to make the volume 10 ml (metronidazole = 5.84 X lo-' M). 
A portion of this solution was scanned on a NMR spectrometer5 a t  
500-Hz sweep width. The operating temperature probe was held a t  
a range of 37-40', and 1% tetramethylsilane solution in CDC1:3 was 
used as an external standard. Each salt solution a t  a concentration 
of M was run as a blank to ensure the optimal performance of 
the instrument. 


AC Polarography-AC polarographic measurements were per- 
formed on a polarograph6 equipped with mercury drop timer. 


Six milliliters of supporting electrolyte solution or cupric-ion so- 
lutions with various metronidazole concentrations was deaerated 
with pure nitrogen gas for 5 min in a three-electrode cell prior to 
measurement. A nitrogen atmosphere was maintained above the 
solution during measurement to prevent oxygen contamination. 
The controls were preset as follows: modulation amplitude, 10 mv; 
ac frequency, 80 Hz; scan rate, 2 mvlsec; drop time, 0.5 sec; and 
sample duration, 10 msec. 


M ) ,  SnC12 (2.66 X 


M ) ,  and ZnCl2 (2.93 X 


RESULTS AND DISCUSSION 


The effects of transition metal ions on the NMR spectra of the 
olefinic proton a t  C-4 and of the methyl proton a t  C-2 positions of 
metronidazole (I) are recorded in Table I. The effect of metallic 
ions on NMR peaks is represented by the broadening of AV1/2 (the 
linewidth a t  one-half the maximum peak height in cycles per sec- 
ond) and by the increase in relaxation rate (1/To) value. These two 
parameters are related to one another by the following relation 
(12): 


= rAVI , . .  (Eq.  1) 
T, 


where T = 3.1416, and the AV1/;! value.is estimated from the NMR 
spectrum. 


None of the metallic ions studied, except cupric ion, showed any 


L' Lot 327, Searle Laboratories. 
Merck & Co., Rahway, N.d. 
Bethlehem Apparatus Co., Hellertown, Pa. 
Model A.60D, Varian Associates, Palo Alto, Calif. 


fi PAR electrochemistry system; model 170 equipped with model 172A 
mercurydrop timer, Princeton Applied Research Curp., Princeton, N.J. 
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Figure 1-Effect of cupric-ion concentration on  the N M R  spectrum of metronidazole. All of these spectra were r u n  under 
standard operating conditions. Sweep time was set a t  1000 sec. Key: A ,  metronidazole alone; B, metronidazole + 1.15 X 


M CuCL2; C, metronidazole + 1.15 X 10-4 M CuC12; and D, metronidazole + 2.30 X lo-* M CuC12. 


substantial peak-broadening effect on the NMR spectra of metro- 
nidazole protons. The effect of cupric ion on both the olefinic pro- 
ton peak and the methyl proton peak was negligible when the con- 
centration of cupric ion was below 2.3 X M. However, a signif- 
icant effect was observed above this concentration. This finding 
may be explained by the fact that  only cupric ion has an electro- 
chemically favorable energy ground for electron acceptance from 
metronidazole. 


Table I1 lists the redox processes and corresponding potentials 
for the metallic salts investigated. Cupric ion has a different redox 
potential profile than the other metallic ions and has a negative 
potential value which appears to be favorable for such an interac- 
tion. Also, cupric ion has a greater tendency to  form stable com- 


Table I-Effect of Metall ic Ions on the P e a k  Broadening 
(Vi/?) a n d  Relaxation Rate (l/!Z'z) of Metronidazole" 
Protons 


Relaxat ion R a t e  
(1/Tz), CPS Me- Metallic Ion -H -CH3 


tallic Concentra- AVi, :, AVi i, 
Ion tion, M cps cps H CHJ 


None - 1 1 3.142 3.142 
Sn+2 2.66 X 1 1 3.142 3.142 
Fe+2 2.01 X 1 1 3.142 3.142 


Mg+y 1 . 0  X 1 1 3.142 3.142 
co 2.57 x 10-4 1 . 2  1 3.772 3.142 
Ni+2 1.74 X 1 1 3.772 3.142 
Z n + 2  2.93 X 1 1 3.772 3.142 
C U + ~  -1.76 X 1.5 1 4 . 7  3.142 
C U + ~  2 . 3  X 1.5 1 4 .7  3.142 
C u f 2  4.25 X 2 . 0  1 . 3  6 .28  4.08 
C U + ~  7 .0  X 1 . 2  1 3.77 3.142 
C U + ~  8 . 5  X 2 . 0  1 .25  6 .28  3.92 
C U + ~  1.15 x 10-5 1.5 1 .0  4 . 7  3.142 
c U + z  1.76 x 10-5 2 .0  1.0 6 . 2  3.142 
c u + z  2.3 x 10-5 1 .5  1.0 4 .7  3.142 -~ _ .  -~ 


C U + 2  8 . 5  x 1 0 - 5  6 .0  i .65 18.85 5.18- 
C U + ~  1 .15  X 9.0 1 .25  28.27 3 .92  
C U + ~  1.76 X 11.0 1 .85  34.56 5 .81  


a 5.84 X 10-2 M metronidazole. 


plexes with electron-donating ligands as compared to the other 
metallic ions (9, 10). 


Figure 1 shows that cupric ion caused a specific peak broadening 
of the imidazole ring proton (the olefinic proton a t  (2-4) (for left- 
hand peak) and had a lesser effect on the peak for the methyl pro- 
tons on C-2 position. Since there was no evidence of peak broaden- 
ing for the protons on the hydroxyethyl group on the N-1 position, 
it may be concluded that this side chain was not directly involved 
in the complexation. 


The proton relaxation rates (1/Tn) listed in Table I for both the 
olefinic proton and the methyl protons are plotted against the con- 
centration profile of cupric ion. If the proton relaxation rates are 
dependent on cupric-ion concentration: 


1 l l 
a [cupric ion] 


Then: 


log (i) = constant + P log [cupric ion] (Eq. 3) 


where p' is the slope of the log (1/7'2) versus log [cupric ion] profile. 
Such a relationship is illustrated in Fig. 2 for the metronidazole- 
cupric-ion interaction. The effect of cupric ion on the olefinic pro- 
ton peak is greater (@ = 1.3) than that on the methyl protons (@ = 
0.26) when the cupric-ion concentration is higher than 2.3 x 10-5 
M. At cupric-ion concentrations above M ,  the NMR peak for 
the olefinic proton is eliminated. Cupric ion produced no observ- 


Table 11-Oxidation-Reduction of Some Biologically 
I m p o r t a n t  Metall ic Ions 


Redox Process Redox Potentials,  v 


Cu+z + 2 e -  Cu -0.337 
Sn+2 + 2 e- 2 Sn +0  ,140 
Ni+2 + 2 e- $ N i  +0.230 
Co'z + 2 e - e  C o  +O .280 
Fe + 2  + 2 e -  Fe +O ,440 
Zni2 + 2 e- Zn +0.763 
Mg+z  + 2 e -  Mg +2.370 
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Figure 2-Effect of cupric-ion Concentration on the relaxation 
rate of olefinic proton (0) and methyl proton (0) peaks of the 
metronidazole molecule. Above a concentration of 2.3 X lo-= M, 
cupric ion showed a broadening effect on both peaks. The effect 
on the olefinic proton (slope of 1.313) was fivefold greater than 
on the methyl proton (slope of 0.255). 


MOLAR CONCENTRATION OF CUPRIC ION 


able effect on the proton relaxation rate of both peaks when its 
concentration was lower than M. The instrument sensitivity 
(signal to noise ratio) may be inadequate to detect the occurrence 
of the cupric-ion-metronidazole molecule interaction at these con- 
centrations. 


To complex with cupric ion, the metronidazole molecule has to 
donate its electrons to occupy the outermost orbit of the cupric-ion 
hybrid. There is one pair of unshared electrons on each N-1 and 
N-3 atom. Therefore, i t  is reasonable that either one may be the 
potential site for metallic ion complexation. Since the electron- 
withdrawing nitro group at the C-5 position should outweigh the 
weak electron-donating property of the methyl group a t  the C-2 
position, the availability of the lone pair electrons on the N-1 atom 
to cupric ion will be limited. In addition, the presence of the hy- 
droxyethyl chain on the N-1 atom sterically hinders the approach 
of cupric ions. 


The formal r-charge distribution around the metronidazole 
molecule was calculated by the Huckel method (Fig. 3). The posi- 
tive charge of 0.0374 around the N-1 position, when compared to 
the negative charge (-1.0012) around the N-3 position, supports 


(0.1410) 
(0.1742) H (0.1487) 


H I  ' f: 63173) 


-9601) 


H' \ (1.5643) 
(0.1110) N ->-0 / (-0.8909) 


0 
(- 0.8988) 


Figure 3-Formal r-charge distribution (Hiickel method) on 
the metronidawle molecule. 


I 
2 0 0 n A  


A 1 


- dc POTENTIAL + 
Figure 4-An ac polaroginm for cupric ion (8 X 10 -5 M) alone 
(broken line) and with metronidawle (8 X 10-5 M, solid line). 
The peak a t  -0.186 v for cupric ion alone is decreased in the 
presence of metronidawle due to complexation. The peak a t  
-0.666 v for metronidazole alone is not affected by the pre- 
sence of cupric ion. 


the postulate that the latter is the site for cupric-ion complexation. 
This postulate is further supported by the NMR spectral data 
which show peak broadening for the olefinic proton on the carbon 
atom adjacent to the N-3 position. 


Several investigators (12-16) demonstrated that NMR spectros- 
copy is useful for the detection of the complexation site between a 
ligand and a substrate. Li et al. (14) used this technique in identi- 
fying the site of cupric-ion complexation with amino acids and 
peptides. They showed that the selective broadening of a proton 
peak is due to a decrease in the relaxation time of the proton nu- 
clei. Decreases of this type can be induced by the magnetic field of 
paramagnetic metallic ions undergoing a rapid exchange at  a com- 
plexation site in the vicinity of that proton. The peak broadening 
of protons adjacent to the metallic ion binding site on polynucleo- 
tides was also reported (15, 16). The results presented here are in 
agreement with that observation. 


To determine the stoichiometry of the complex, the cupric-ion- 
metronidazole interaction was investigated with ac polarography. 
The ac polarogram of cupric ion in the presence or absence of an 
equimolar concentration of metronidazole (8 X M )  is shown 
in Fig. 4 and demonstrates the applicability of ac polarographic 
techniques for the quantitative measurement of the cupric-ion- 
metronidazole complexation. Both metronidazole and cupric ion 
gave well-isolated ac peaks at -0.666 and -0.186 v, respectively. 
The magnitude of the ac peak for cupric ion was decreased consid- 
erably in the presence of an equimolar concentration of metronida- 
zole, but the current height of the ac peak for metronidazole was 
constant and independent of the presence and concentration of cu- 
pric ion. This finding indicated that the nitro group on the metro- 
nidazole molecule did not participate in the complexation process 
since it is this group that is polarographically active (17.18). 


As demonstrated in Fig. 5, the free cupric-ion concentration de- 
creased as the concentration of metronidazole increased. From this 
profile, it was calculated that 2.9 X M of metronidazole was 
required to complex completely the 8 X loT5 M of cupric ion. The 


30 20 25 0 5 10 15 
MOLAR CONCENTRATION OF METRONIDAZOLE X 10-6 


Figure 5-Plot illustrating the linear decrease in  polarograph- 
ically assayable cupric-ion concentration as a function of 
increasing metronidazole concentration. 
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coordination number for the complexation of metronidazole with 
cupric ion was calculated to be 3.63, which implies that  four mole- 
cules of metronidazole are required for the complexation of one cu- 
pric ion. Cupric ion has an electronic configuration of dsp2 and 
tends to form square planar complexes with electron-donating lig- 
ands, e.g., :NH3 (11). On the basis of the information available to 
date, a structure for a 4 to 1 square planar complex between me- 
tronidazole and cupric ion [Cu-(metronidazole)4] +2 is proposed 
(11). The intermolecular hydrogen bonding between the hydroxy 
proton on N-1 and the nitro group on the C-5 position was suggest- 
ed by the formal r-charge distribution (Fig. 3) and would tend to  
strengthen the stability of a planar complex. 


Fried (19) recently investigated the biochemical mode of metro- 
nidazole action against alcoholism. He found that the presence of 
excess zinc ions, which are essential a t  the active site of alcohol de- 
hydrogenase, did not reverse the loss in enzymatic activity caused 
by metronidazole. This finding led to a conclusion that the inhibi- 
tion of alcohol dehydrogenase activity by metronidazole is not via 
zinc-metronidazole complexation. This conclusion is consistent 
with the NMR data that metronidazole did not show any interac- 
tion with zinc ions. In testing the activity of metronidazole against 
uricase (contains cupric ion), it was found that the drug (at  lo-:< 
M )  completely inhibited enzyme activity (19). I t  is known that sev- 
eral metalloproteins that take part in cellular metabolic processes 
contain cupric ion at  their active site (9). In view of the results on 
the selective complexation of-cupric ion by metronidazole, it would 
be interesting to investigate the latter effect on these cupric ion- 
containing macromolecules. 
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Inhibition of Supraeschar and Subeschar Pseudomonas 
Infection by Silver Sulfadiazine Dry Foam 


PATRICK N. CATANIA" and JAMES C. KING 


Table I-Results of Silver Sulfadiazine Therapy 
on Infected Burns Abstract 0 The results of an in uiuo evaluation of silver sulfadiaz- 


ine dry foam are described. Using burned guinea pigs infected with 
Pseudomonas aeruginosa, silver sulfadiazine was applied every 12 
hr as the dry foam or ointment. After 72 hr of therapy with the 


Number of Animalsb with Positive Pseudomonas 
Cultures" af ter  Treatmentd with 


medicated diy foam, only one of the 15 burns remained infected 
while seven of the 15 burns remained positive for Pseudomonas 
after treatment with the corresponding medicated ointment (p  < 
0.05 > 0.01). It is suggested that the medicated dry foam provided 
significantly greater activity in treating a supraeschar burn wound 
infection of recent onset. In addition, a modified crossover study 
demonstrated that both the medicated dry foam and ointment are 
less effective in treating subeschar burn wound infections. 


Keyphrases 0 Silver sulfadiazine dry foam-inhibition of SU- 


praeschar and subeschar Pseudomonas infection, guinea pigs 
Burn therapy-inhibition of supraeschar and subeschar Pseu- 


domonas infection by silver sulfadiazine dry foam 
Pseudomonas infections (burns)-inhibition by silver sulfadiaz- 


ine dry foam 0 Foams, dry-silver sulfadiazine, inhibition of Pseu- 
domonas burn infections 


Silver Silver D r y  
Sulfadiazine Sulfadiazine Foam Ointment 


Hoursa D r y  Foam Ointment Control Control 


12 14 13 15 15 
24 8 10 15 15 
36 1 9 14 15 
48 1 
60 1 
72 18 


_ _  _ _  
6 15 15 
7 15 15 
7' 15 15 


"Times listed are the hours after inoculation with an overnight broth 
culture of Ps. aeruginosa. b Each of 15 animals received four full thickness 
burns. C A positive culture was considered to be one in which five or more 
Ps. aerugrnosa colonies were isolated and identified from a burn. d Treatment 
consisted of 2% silver sulfadiazine ointment, 2% silver sulfadiazine dry 
foam, an oil-in-water ointment control, or dry foam control applied to the 
involved site every 12 hr for 72 hr. 8 p < 0.05 > 0.01. 


Earlier, the formulation and in uitro evaluation of 
antibacterial dry foams were described (1). These 
data showed that the efficacy of the topical dry foams 


Identification of Pseudomonas-The isolation, identification, 
and quantification of the test bacteria were accomplished using vi- 
sual, UV, and biochemical methods, as previously described (2). 


-. ~ 


RESULTS AND DISCUSSION was not less than equivalen; to that of corresponding 
medicated ointments. Furthermore, those dry foams 
containing silver salts appeared to possess signifi- 


greater activity ( p  < 0.001) than that of oint- 
merits containing silver salts when therapeutic activi- 
ty  was monitored by in uitro methods. TO determine 
further the efficacy of dry foams, the results of an in 
uiuo evaluation of silver sulfadiazine dry foam are de- 


Earlier in uitro (1) and in uiuo (2) studies demonstrated that 
8.5% mafenide dry foam and 8.5% mafenide ointment were equally 
effective in treating Pseudomonas burn wound infections. How- 


taining silver nitrate or silver sulfadiazine showed significant dif- 
ferences in therapeutic activity, in uiuo studies were performed to 
d m ~ m e n t  these preliminary conclusions. 


ever, since in comparisons of the dry foam and ointment con- 


scribed. 


EXPERIMENTAL 


In Vivo Evaluation-Each of 15 male guinea pigs was inflicted 
with four thermal injuries as previously described (2). All burns 
were challenged with an overnight broth culture of Pseudomonas 
aeruginosa', and each burn was assigned a specific therapeutic 
regimen. Therapy was initiated 30 min after inoculation and con- 
tinued every 12 hr for 72 hr. One burn per animal was treated with 
0.1 g of 2% silver sulfadiazine ointment, applied by means of a ster- 
ile blade. The second burn per animal was medicated with 2% sil- 
ver sulfadiazine dry foam, applied in the form of 2.5-cm squares. 
An oil-in-water ointment2 and dry foam control were applied to 
the third and fourth burns per animal, respectively. Swab cultures 
were obtained immediately prior to the application of the dosage 
forms. The results of this study are listed in Table I. 


After 72 hr of treatment, a crossover study was initiated. The 
burn areas previously treated with the unmedicated dry foam were 
assigned therapy with the silver sulfadiazine dry foam, applied 
every 12 hr for 72 hr. In a similar manner, those areas previously 
treated with the oil-in-water ointment were assigned a treatment 
regimen of silver sulfadiazine ointment. Swab cultures were ob- 
tained every 12 hr for 72 hr immediately prior to the application of 
the dosage forms. The results are listed in Table 11. 


ATCC 9721. 
Neobase Ointment, Burroughs Wellcome & Co., Research Triangle Park, 


N.C. 


Table 11-Results of Crossover Silver Sulfadiazine Therapy 
on Infected Burns 


Number of Animal& with Positive 
Pseudomonas Cultures" after 


Treatmentd with 


Hours" 


Dry  Foam/Silver Ointment/Silver 
Sulfadiazine Sulfadiazine 


Ointment  D r y  Foam 


12 15 15 _-  
24 
36 
48 
60 
72 


_ _  
15 
14 
15 
15 
15 


15 
15 
15 
15 
15 ._ _-  


84 13 15 
96 10 12 
108 7 11 
120 8 8 
132 6 7 
144 4 5 
156 4' 5e 


a Times listed are the hours after inoculation with an overnight broth 
culture of Ps. aeruginosa. b Each of 15 animals received four full thickness 
burns. C A positive culture was considered to be one in which five or more 
Ps. aeruginosa colonies were isolated and identified from a burn. d Treatment 
consisted of dry foam control or an oil-in-water ointment control applied 
to the involved sites every 12 hr for 72 hr. This was followed by the applica- 
tion of 2 %  silver sulfadiazine dry foam or 2% silver sulfadiazine ointment 
to the involved sites every 12 hr for 72 hr. e p = 0.1. 
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After the initial 72 hr of treatment, all unmedicated control 
areas continued to demonstrate the presence of Pseudomonas. Of 
the 15 burns treated with silver sulfadiazine dry foam, one re- 
mained infected with the test bacteria. In contrast, seven of the 15 
burns remained positive for Pseudornonas after treatment with 
the corresponding medicated ointment. Chi-square computations 
demonstrated the significance of these data ( p  < 0.05 > 0.01). 
However, a t  the conclusion of the in uiuo crossover study, four 
burns treated with the .medicated dry foam remained infected 
while five of the areas treated with the medicated ointment re- 
mained infected ( p  = 0.1). 


In assessing the results of the initial in uiuo study with those of 
the subsequent crossover study, several factors must be consid- 
ered. The 72-hr delay in instituting therapy in the crossover study 
may have led to an infected environment not readily affected by 
rates of release from the dosage form. The proliferation of the test 
bacteria during this initial 72 hr probably resulted in widespread 
subeschar colonization. This movement of the bacteria into tissues 
below the burn produced a medium for growth not easily treated 
with topical agents. 


In clinical use, both local and systemic therapy would be indi- 
cated to combat the advancing bacteria successfully. Furthermore, 
surgical excision of the devitalized eschar would be performed as 


an aid in the elimination of the infecting organism. The presence 
of eschar provides an excellent medium for bacterial growth and 
also provides a barrier between the applied drug product and the 
subeschar colonies, possibly preventing therapeutic contact and ef- 
fect. Moreover, the protein binding characteristics of silver ion and 
the sulfonamide may prevent deep percutaneous absorption (3). 
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Growth of Calcium Oxalate in Gel Systems 


S. BISAILLON and R. TAWASHIx 


Abstract Methods are described for growing calcium oxalate in 
silica and gelatin gels under different conditions. The results ob- 
tained indicate that, in silica gel, calcium oxalate grows into single 
individual crystals, twin;, and rosettes. Bipyramidal calcium oxa- 
late dihydrate crystals similar to those present in the urine of 
stone formers were prepared in the silica gel system. The gelatin 
gel offered a suitably structured substrate on which calcium oxa- 
late monohydrate crystals grow into aggregates. The orientation 
pattern of calcium oxalate crystals suggests that  the growth pro- 
cess is controlled by the stereospecificity of the gelatin medium 
supporting growth. 


Keyphrases Calcium oxalate-growth of crystals in silica and 
gelatin gels, relevance to stone formation Crystal growth-calci- 
um oxalate in silica and gelatin gel systems, types of growth Sil- 
ica-substrate for growing calcium oxalate crystals Gelatin- 
substrate for growing calcium oxalate crystals 


Recent reports on the growth of calcium oxalate in 
uitro, either by precipitation from solution or from 
urine, generated valuable information on growth ki- 
netics and the factors controlling crystal growth (1, 
2). Attempts to grow crystal aggregates, similar to 
natural concretion, have so far met with little success 
(3, 4). This report describes a method for growing 
single crystals and artificial concretions of calcium 
oxalate. It is believed that this in uitro experimental 
model could be of fundamental significance in under- 
standing the complex mechanisms of stone forma- 
tion. 


Studies on the crystallization of poorly soluble 
salts are often slowed down by the lack of methods 
for growing single crystals that permit close observa- 


1.7 cm. 


\ 
16.5 cm 


Oxalic acid 
solution 


Calcium chloride 
solution 


gel medium 


Figure I-Dimensions of the U-shaped tubes selected for the 
gel growth studies. 


tions and understanding of the growth process and 
the factors controlling such phenomena. Interest in 
the gel medium for crystal growth has been greatly 
stimulated by the work of Henisch (5). Single crystals 
of calcium tartrate, tungstate, carbonate, and sulfate 
were grown using silica gel as the growth medium 
(6-10). This technique offered new opportunities for 
the production of useful single crystals and presented 
new observations in mechanism studies. 


The growing pattern of crystals is dependent on 
the structure of the gel and the nature of the addi- 
tives present in the gel medium. For very poorly solu- 
ble salts, the growth rate is essentially a diffusion 
process and the chemical reaction is not the rate-de- 
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Linear Relationships between Plasma Binding and 
Lipophilicity of Disopyramide Derivatives 


YIE W. CHIENX, HOWARD J. LAMBERT, and TENG K. LIN 


Abstract The extent of plasma binding and the partition coeffi- 
cient of disopyramide and 20 disopyramide derivatives were deter- 
mined. Structural variations on the four functional groups around 
the tetrahedral carbon in the disopyramide molecule were found to 
influence both parameters to varying degrees. Three linear equa- 
tions were developed to correlate the observed effects, depending 
on the type of chemical modification. The linear correlation be- 
tween drug-plasma interaction and lipophilic character was ana- 
lyzed theoretically. A simple model was derived to relate quantita- 
tively the variation in the extent of plasma binding to the change 
in lipophilicity of disopyramide derivatives. 


Keyphrases 0 Disopyramide and 20 derivatives-linear relation- 
ship between plasma binding and lipophilicity determined 0 Lipo- 
philicity and structure of disopyramide and 20 derivatives-rela- 
tionship to protein binding Plasma binding, disopyramide and 
20 derivatives-determination, relationship to lipophilicity and 
structure Partition coefficients, disopyramide and 20 deriva- 
tives-determination 


Much effort recently has been spent on separating 
the various physicochemical properties of drugs to 
correlate the partial contributions of hydrophobic, 
electronic, and steric parameters to their overall bio- 
logical properties (1-3). Although the details of how 
drug action is related to physicochemical properties 
of drugs remain unclear, it is profitable to use the 
phenomenological approach to differentiate and clas- 
sify such molecular properties (4). 


I t  has long been recognized that most administered 
drugs interact to some degree with serum proteins 
(5). Recently, several successful attempts were made 
to correlate these protein binding data quantitatively 
with the hydrophobicity of drugs (6-10). 


The reported antiarrhythmic activities of a series 
of disopyramide derivatives were investigated and 
appeared to be quantitatively dependent on the com- 
bined effect of the lipophilicity and carbonyl vibra- 
tional energy of the drug (3, 11). Disopyramide and 
its derivatives (Table I) contain an asymmetric car- 
bon center with four varying substituent groups. The 
availability of this series of compounds permitted the 
study of which groups were the predominant sites for 
protein binding and how structural variations af- 
fected the extent and strength of interaction. 


This paper reports on the correlation of lipophili- 
city and structure with the protein binding of disopy- 
ramide and 20 derivatives. 


EXPERIMENTAL 


Materials-Human plasma was collected by centrifuging whole 
blood at  2500 rpm and 4O for 20 min'. Approximately 50 ml of 
plasma was obtained from the centrifugation of 100 ml of whole 
blood. 


' Sorvall RC-3 automatic refrigerated centrifuge. 


The 20 derivatives of disopyramide* were synthesized% by pre- 
viously described methods (12,13). 


Binding Studies-Drug solutions (16 X lop5 M )  were prepared 
in isotonic 0.1 M phosphate buffer (pH 7.4) immediately prior to 
binding measurements. From 2 to 5 ml of this solution was added 
to 5 ml of human plasma, and buffer was added to 10 ml. The re- 
sultant mixtures, after equilibrating a t  37O for 1 hr, were poured 
into membrane ultrafilters4 and centrifuged at  1250 rpm and 4' 
for 30 min. The filtrates were assayed spectrophotometrically from 
240 to 360 nm5. The absorbance of the peaks in the range of 250- 
-280 nm was recorded for calculating the free drug concentration. 
Drug solution, in the absence of proteins, was also centrifuged at  
the same time to correct for drug loss by membrane absorption. 
The absorption sometimes accounted for up to 60% of drug, de- 
pending on the nature of drug species examined. 


Plasma binding results are expressed as fraction of drug, B (%), 
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4 
Figure l-ScatcharL. anal- 


and disopyramide (0) .  The 
linearity of the V/D, versus 
V plots indicates that only 
one group of binding sites is 
involved in the interaction 
of disopyramide derivatives 
with wlasma wroteins in the 
concentration range (3.2- - 
8.0 X M) examined. b 


;t 
0 5 10 


G (X 100) 


* SC-7031. The brand name for disopyramide phosphate (SC-13957) is 
Norpace (Searle Laboratories, Division of G. D. Searle & Co., Chicago, IL 
60680). 


Dr. J. W. Cusic, Dr. H. W. Sause, Mr. J. H. Yen, and Mr. P. K. Yonan, 
Chemical Research Department, Searle Laboratories. 


Centriflo, model CF  50A, Amicon Corp., Lexington, Mass. 
Coleman model 124 D spectrophotometer. 
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Table I-Relationship between Structural Variations around the  Asymmetric Carbon Center 
of Disopyramide and the  Extent  of Drug-Plasma Interaction 


Compoundo Ri Rz R3 R1 i3, % p.c.h 


Disopyramide 0 


-CHZCHZN (iso-C3H7), 2 7 . 3  0 . 6 6  -&-NHz 


H -CHZCH?N (iso-C3H7) 58.5  11.97 I 


I1 


0 


- L H Z  -CHZCHzN (iso-C3H7)? 4 . 6  0 ,0488 


0 


-&NH, b H  -CH2CHzN(iso-C3H7)r 5 3 . 6  5 . 4  I11 


0 


- L H ?  H 2 7 . 3  6 .87  - I V  


a SC-7031, SC-26000, SC-21799, SC-5260, and SC-16571, respectively. b Partition coefficient. 


bound to plasma: equilibrated with 10 ml of phosphate buffer-saturated 1-octanol. 
The drug concentration in the phosphate buffer phase before and 
after partitioning was measured spectrophotometrically and uti- 
lized to calculate the magnitude of the partition coefficient. 


(drug concentration without plasma - 
drug concentration with plasma) X 100 


0%. 1) drug concentration without plasma B(%) = 


RESULTS AND DISCUSSION 
Partition Studies-Drug solutions, with a concentration of 8 X 


M ,  were freshly prepared in 1-octanol-saturated phosphate 
buffer (0.1 M, pH 7.4, isotonic). Ten milliliters was agitated and 


For plasma binding studies, four drug concentrations, ranging 
M ,  were examined. In this concentra- from 3.2 X to 8.0 X 


Table 11-Structural Variation of the Amide Moiety of Disopyramide Derivatives 


log (Db/Dr) 
Estimated 


R1 log (P.C.1 Observed Eq. 10 Eq. 13 Compound" 


I 
V 


H 1.078 
0.918 


0.149 
0.171 


0.206 
0.131 


0.234 
0.142 OH 


0 


S 


II 
-C-NH? Disopyramide -0 .182  


0.208 


0.028 


-0 .752 


0.058 


-0.425 


-0 ,091  


-0.299 


-0.656 


-0.321 


-0.389 


-0.205 


-0.290 


-0.659 


-0,276 


-0.493 


-0.268 


-0.372 


-0.822 


-0.355 


II 
0 


-C-NH? V I  


VII  
II 
0 
II 
0 CH3 
/ I  / 


-C-NHC?HS 


-C-NHNHCOCH, 


-C-NHN=C 


V I I I  


IX 
\ 


CH3 


X 1.468 0.316 0 .391  0.459 


XI 1.082 0.191 0.208 0.267 


XI1 0 .438  0.517 1.568 0 .520  


a SC-26000. SC-26658, SC-7031, SC-25888, SC-26481, SC-26553, SC-26529, SC-27063, SC-29359, and SC-27071, respectively. 
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Table 111-Structural Variation on the Phenyl Ring of Disopyramide Derivat ives  


log ( D b / D f )  
Estimated 


Compounda R2 log (P.C.1 Observed E q .  11 Eq. 13 


I1 H -1.310 - 1.317 - 1.209 -1,145 


Disopyramide 


XI11 


X I V  


xv 


X V I  


Q CHs 


OCH, 


-0.182 -0.425 -0.485 -0.493 


0.174 -0.343 -0.257 -0.288 


0.232 


-0.788 


0.083 


-0.203 


-0.745 


-0.294 


-0.220 


-0.874 


-0.315 


-0.254 


-0.843 


-0.340 


F 


0.603 -0.015 -0.018 -0,040 Q XVII 


CI 


a SC-21799, SC-7031, SC-12875, SC-24874, SC-12857, SC-13234, and SC-13068, respectively. 


tion region, the results of a Scatchard analysis (Fig. 1) demon- 
strated that only a primary binding site was involved in the inter- 
action with disopyramide derivatives; a linear plot was observed. 
By following the Scatchard relationship (Eq. 2), the equilibrium 
binding constant, K,, may be estimated from the slope of the lin- 
ear OlDi versus plots: 


DID, = nK, - DK, 0%. 2) 
Which of the four functional groups around the tetrahedral car- 


bon center in this molecule was the predominant site for plasma 
binding? The results demonstrated that the omission of the amide 
or pyridyl groups (Table I) resulted in an approximately twofold 
increase in the extent of plasma binding (0 values were increased 
from 27.3 t o  58.5 or 53.6%, respectively). But the absence of the 
phenyl ring yielded a sixfold decrease in (3 (from 27.3 to 4.6%). The 
replacement of the diisopropylaminoethyl group produced neither 
gain nor loss in the extent of drug-plasma interaction. The results 
observed here indicate that  the planar phenyl ring of the disopy- 
ramide intercalated into the plasma protein helix (14). An NMR 
study also provided evidence that the phenyl ring is the site bind- 
ing to serum protein (15). 


In addition, the observed partition coefficients demonstrated 
that the amide, pyridyl, and diisopropylaminoethyl groups in- 
creased the hydrophilicity of disopyramide derivatives. (Their ab- 
sence resulted in increases in the partition coefficient from 0.66 t o  
11.97, 5.4, and 6.87, respectively.) On the other hand, the phenyl 
substitution added lipophilic character to the molecule. The re- 
placement of this group substantially decreased the magnitude of 
the partition coefficient (from 0.66 to 0.049). The omission of the 
diisopropylaminoethyl group produced no change in the extent of 
plasma binding while the lipophilicity, as represented by the parti- 
tion coefficient, was enhanced more than 10-fold (from 0.66 to  


6.87). This observation may be explained by the fact that  90% of 
the diisopropylaminoethyl group (pKb = 8.36) is protonated a t  the 
physiological pH of 7.4, which may allow this group to project into 
the aqueous phase surrounding the protein molecule and not inter- 
act with the protein (8). 


For a fuller understanding of the mechanisms by which disopy- 
ramide derivatives interact with plasma protein, the studies were 
expanded to additional derivatives in which the amide, phenyl, or 
pyridyl group was modified chemically while the other three func- 
tional groups were held constant. The results of these experiments 
are found in Tables 11-IV along with estimated values for log ( D b /  
01) obtained with the following analysis. 


At equilibrium (16), the partition coefficient (P.c.) for the parti- 
tioning of drug molecules from an aqueous phase to  an organic 
phase may be related to the standard chemical potentials (NO" and 
woo)  in organic and aqueous phases: 


pUo - pao = - 2.303RT log (P.c.) (Eq. 3) 
The standard free energy change ( A P )  for the interaction of 


drug with plasma protein (16) may be related to the equilibrium 
binding constant, K,, as follows: 


AFa = p,O - po0 


AFa = -2303RT log K ,  
(Eq. 4a) 


0%. 4b) 


where ppa, paa,  and po0 are the standard chemical potentials for a 
drug species bound to a protein molecule and in the aqueous and 
organic phases, respectively. Substituting Eq. 3 for the fiaa term in 
Eq. 4a and rearranging give Eq. 5 


Po0 - PP0 
log K ,  = 2303RT + log(p.c.) (Eq. 5) 
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Table IV-Structural Variation on the Pyridyl G r o u p  of Disopyramide Derivat ives  


1% ( D b / D f )  
Estimated 


Compound" R3 log (P.C.) 0 bserved Eq. 12 Eq. 13 


I11 0.732 0.063 0.061 -0.034 


Disopyramide 6 -0.182 -0,425 -0,609 -0.493 


X V I I I  0.316 - 0,141 -0,244 -0.206 


XIX 


xx 


0.055 


1.393 


0.315 - 


0.482 


0.436 -- 0.356 


0.546 0.416 


4 SC-5260, SC-7031, SC-12748, SC-12773, and SC-24115, respectively. 


The Scatchard relationship (Eq. 2) may be expressed alterna- 
tively by Eq. 6 


where 0 is the average number of drug molecules bound per mole- 
'cule of plasma protein (Db/P); A is the total number of binding 
sites in a protein molecule; Dh and D, are the concentrations of 
drug bound to plasma protein and freely existing in the solution 
phase, respectively; and P is the overall concentration of plasma 
protein in the bloodstream. Equation 5 may be equivalently ex- 
pressed as: 


+ l o g 6  - 0 ) P  + log(p.c.) (b. 7) Dh Po0 - P p O  log- = ~ D, 2.303RT 


Experimentally, it was observed that A = 3.51 and 0 50.12 for di- 
sopyramide in the drug concentration range investigated. So, Eq. 7 
may be simplified to: 


(Eq. 8)  


where: 


intercept = log (DJD, ) ,  = constant (Eq. 9b) 


Equations 7 and 8 define a linear relationship between the degree 
of plasma binding (as represented by Db/Df)  and the lipophilic 
character of the molecule (expressed as the partition coefficient). 
Under the condition of A >> 6, the magnitude of Db/Df is directly 
proportional to the equilibrium binding constant ( K J  with a pro- 
portionality of (A - 0)P (Eq. 6). Therefore, the degree of plasma 
binding (DtJDf) may be directly estimated from a binding mea- 
surement without requiring a Scatchard analysis to calculate the 
magnitude of K,.  


A literature survey indicated that correlations between protein 
binding and the lipophilicity of drugs have usually employed a 
Hammett-type linear free energy relationship (6). In this treat- 
ment, log ( l /c)  values are plotted against 7r, the lipophilicity of the 
drug. T o  do this, a series of drug-protein interaction measure- 
ments must be conducted at several drug concentrations to collect 
data points for estimating the molar concentration of drug neces- 


sary to produce a 1:l drug-protein complex. Thus, a substantial 
workload is created when dealing with a large number of drugs. In 
such a situation, the development of a simple methodology with 
equivalent theoretical validity becomes necessary. In the present 
analysis, the protein binding (Db/Dfj of all drugs investigated was 
done a t  a single, optimal, initial drug concentration (DT).  This 
practice allows biopharmaceutical screening of a large number of 
newly synthesized drugs. 


The linear correlation of log (DblDf) with x was successfully 
used in investigating ( 8 )  the binding of penicillins to serum pro- 
tein. The linear log (Db/Df)  versus 7r relationship was utilized em- 
pirically without the inclusion of a mathematical derivation from 
fundamental principles. The derivation of Eq. 8 from simple phys- 
icochemical laws (Eqs. 3 and 4)  demonstrates how the degree of 
plasma binding [log (Db/D/j]  is related theoretically to the lipophi- 
licity (log P.c.) of the drugs examined. 


On the basis of Eq. 8, the data on Db/Df (obtained from the B 
values) and the partition coefficients (Tables 11-IV) were submit- 
ted to multiple-regression analysis. Three equations were ob- 
tained. 


For the effect of structural variation of the amide moiety: 


n~ S? 


10 0.986 0.0034 


For the effect of structural variation of the phenyl ring: 


log($) = -0.369 + 0.641 log (P.c.) (Eq. 11) 


n~ S2 


7 0.982 0.0059 


For the effect of structural variation of the pyridyl group: 


log - = -0.476 + 0.734 log (P.c.) (I%. 12) (3 
n~ S2 


6 0.923 0.0303 


In Eqs. 10-12, n is the number of derivatives used in the analy- 
sis, y is the correlation coefficient, and s 2  is the residual variance. 
Both the correlation coefficient (7) and the residual variance (s2j 
demonstrate that  the degree of plasma binding of disopyramide 
derivatives is highly correlated to their lipophilicity. By using Eqs. 
10-12, estimated DhlD, values for the disopyramide derivatives 
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Table V-Estimation of the Relative Lipophilicity ( T )  
for Disopyramide Derivatives w i t h  Structural 
Variation on the Phenyl Ring 


may be calculated as follows: 


x ( x )  = log(p.c.) x - logip.c.), (ES. 14) 


Estimated T Values. 
Benzoic 


Benzene Acid Phenoxyacetic 
Compound System Sys tem Acid System 


I1 0 0 0 


XI11 2 . 4 5  2.41 2 . 4 0  
X I V  2.45  2.31 2 . 4 1  
X V  1.85  2 .11  1 . 9 7  


XVI 2 . 0 3  2 . 0 8  2 . 0 4  
X V I I  2.60  2 . 7 6  2 .69  


Disopyramide 1 . 8 9  1 .89  1 . 8 9  


. 
Calculated from Ref. 18. 


were computed; they are shown in Tables 11-IV together with the 
Db/Df values observed. 


The slope of Eqs. 10-12 is a measure of the sensitivity of the 
protein binding system to the hydrophobicity of each series of di- 
sopyramide derivatives (4). The value of the intercept (Eqs. 10-12) 
will be a function of the sensitivity of the system and the intrinsic 
thermodynamic activity (Eqs. 9a and 9b) of a given series of drugs. 
It will also depend on the ratio of active sites to substrate mole- 
cules in position to react with these sites, (ti - 0)P. 


If the binding of disopyramide derivatives to plasma protein is 
nonspecific, as reported for most drugs (7), and the difference in 
plasma binding extent is only due to the change in their lipophili- 
city, then a good correlation should be found when disopyramide 
and all 20 derivatives (Tables I-IV) are submitted to the same 
multiple-regression analysis as in Eqs. 10-12, neglecting the differ- 
ences in their sites of structural variation. The following correla- 
tion was obtained: 


n y  S )  


21 0.955 0.018 


Both the high correlation coefficient (y = 0.955) and low residu- 
al variance (s2 = 0.018) indicated that the extent of plasma bind- 
ing of disopyramide and the 20 derivatives was highly correlated 
with their lipophilicity. The values of log (DblD,) estimated from 
Eq. 13 were also determined; they are shown in Tables 11-IV to- 
gether with those values observed and computed from Eq. 10, l l ,  
or 12. A comparison made between Eq. 13 and Eqs. 10-12 pointed 
out that the interaction of disopyramide derivatives with plasma 
protein is nonspecific in nature and is slightly dependent on the 
sites of structural variation (compare the data estimated to those 
observed in Tables 11-IV). Overall, any modification in the molec- 
ular structure of disopyramide derivatives that leads to a higher li- 
pophilicity will result in enhanced binding with plasma protein. In 
the practice of drug design, this fact should be considered when 
the pharmaceutical chemist attempts to improve the tissue perme- 
ability of a given drug by enhancing its lipophilic nature. 


The values of log (P.c.) (Tables I-IV) for all of the disopyramide 
derivatives were obtained in an n-octanol-phosphate buffer (pH 
7.4) system. The relative lipophilicity ( x )  of a given derivative (x) 


The magnitude of P values may also be estimated from informa- 
tion on the partition coefficient of the parent compound and the 
group contribution of the substituents added onto the derivative 
by using the rule of addition (8, 18). For example, Compound XI11 
(Table 111) is the m-tolyl derivative of Compound 11. Its relative li- 
pophilicity may be estimated as follows: 


zx(XII1) = x(disopyramide) + x(mCH,) 
= ~ ( 1 1 )  + x(pheny1) + x(m-CH,) 
= 0 + 1.89 + 0.56 
= 2.45 (Ell. 15) 


By using this approach; the T values were calculated (Table V) 
for the other derivatives of I1 in reference to three systems, ben- 
zene, benzoic acid, and phenoxyacetic acid (18), and were quite 
close to each other. 


The correlation of the extent of plasma binding of these disopy- 
ramide derivatives (Column 4 in Table 111) with these three sets of 
estimated A values was also submitted to multiple-regression anal- 
ysis. The results are represented by the following correlations: 


With the benzene system as a reference source: 


log (Dh/D, )  = - 1352 0.462 T 0%. 16) 


n - 7  S2 


7 0.948 0.016 


With the benzoic acid system as a reference source: 


With the phenoxyacetic acid system as a reference source: 


log( D , / D , )  = - 1350 + 0.456 x 


n y  S2 


(b. 18) 


7 0.941 0.018 


A comparison made among Eqs. 11 and 16-18 indicates that the 
extent of plasma binding, log (DbID,), of disopyramide derivatives 
is not only highly correlated to their lipophilicity, log (P.c.), mea- 
sured experimentally but also to  the magnitude of x estimated 
from literature data. The magnitude of the correlation coefficients 
(r)  obtained only shows the trend on the change of log (Db/Df) as a 
function of the variation of the lipophilicity of a drug species. On 
the other hand, the residual variance (s2) demonstrates the magni- 
tude of difference between the observed log (Db/D/) value from 
that predicted. 


The magnitude of the residual variances in Eqs. 16-18 is found 
to be three- to fourfold greater than that in Eq. 11. The results are 
illustrated and compared in Table VI. I t  was noted that Eqs. 16-18 
failed to give good estimates of log (DbIDf) values when the phenyl 
ring contained methoxy, fluoro, and chloro groups, i .e.,  electron- 


Table VI-Comparison of t h e  Observed a n d  Calculated E x t e n t  of P la sma  Binding of Disopyramide Derivat ives  


Calculated 
Compound  0 bserved Eq. 11 Eq. 16 Eq. 17 Eq. 18 


I1 -1 .317  -1 .209  -1.352 -1 .337  - 1 ,350 
Disopyramide -0 ,425  -0 ,485  - 0.480 -0 ,498  -0 .489  
XI11 - 0 , 3 4 3  -0 ,257  -0.222 -0 .268  - 0 , 2 5 6  
X I V  -0 .203  -0 .220  -0 .222  -0 .312  -0 .251  
xv -0 .745  -0 .874  -0.499 -0 .401  -0 ,452  


X V I  -0 ,294  -0 ,315  -0.416 -0 .414  -0 ,420  
X V I I  -0 .015  - 0 . 0 1 8  -0 .152  - 0 . 1 1 2  -0 .124  
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withdrawing substituents. The measurement of lipophilicity, using 
experimental partition coefficient data, was more dependable than 
an estimation from literature data collected in a different system. 
The preference for actual measurement over the estimation of li- 
pophilicity is even more obvious when one deals with drug mole- 
cules having a complicated molecular structure. 
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Selecting Key Parameters in Pharmaceutical 
Formulations by Principal Component Analysis 


N. R. BOHIDARX, F. A. RESTAINO, and J. B. SCHWARTZ 


Abstract 0 The role of principal component analysis in the selec- 
tion of pharmaceutical formulations is presented. The objective 
and the procedure of the analysis are discussed in detail. The tech- 
nique was successfully applied to a system consisting of 10 re- 
sponse variables (tablet properties). Analysis of the results showed 
that the first component (dissolution) and components one and 
two together (dissolution and disintegration) contributed 95.4 and 
99.3%, respectively, to the overall information about the formula- 
tions and that eight of 10 response parameters contributed nothing 
further to the overall information. The results obtained from this 
method of analysis may be found useful for achieving economy in 
both cost and time of measuring responses. Principal component 
analysis also provides a basis for understanding the underlying 
mechanism of the system under consideration. 


Keyphrases 0 Pharmaceutical formulations-selecting key pa- 
rameters by principal component analysis, examples Formula- 
tions, pharmaceutical-selecting key parameters by principal com- 
ponent analysis, examples 0 Principal component analysis-se- 
lecting key parameters in pharmaceutical formulations 


In the development of a drug delivery system, a re- 
search pharmacist usually measures several response 
parameters. For instance, 10 or more parameters 
were considered in the development of a pharmaceu- 
tical tablet formulation (1). Based on all of these pa- 
rameters, one attempts to find those levels of the for- 
mulation factors (diluent ratio, compressional force, 
etc.)  for which the system is considered optimum. 


Since a large number of interrelated response vari- 
ables is generally involved, it is relevant to ask how 
the interrelation and covariation of these measure- 
ments might be represented and whether fewer mea- 
surements might not carry all the necessary informa- 
tion for accomplishing a specific objective. 


When several formulations are available, the devel- 
opmental pharmacist must determine how best to 
distinguish between them. When one is choosing be- 
tween two or three, the trend may be obvious. For ex- 
ample, the formula changes made may cause no dif- 
ference in tablet hardness but considerable differ- 
ence in disintegration characteristics. But when a 
long list of formulations is available or, more precise- 
ly, when one has infinite possibilities (as in computer 
optimization) and is dealing with many parameters, 
the trend is less obvious. 


One may have certain basic constraints, such as a 
minimum hardness value, but it is nevertheless im- 
portant to know which property or properties can be 
used to distinguish between choices. Generally, an 
educated guess is made, based on experience with the 
system and with pharmaceutical systems in general. 


But there is a mathematical method to select those 
variables that best distinguish between formulations 
and those variables that change most drastically from 
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Stability, Absorption, Excretion, and Distribution of Nafiverine 


SHUN-ICHI NAITO and TADASHI YAMAMOTO * 


Abstract The stability of a new antispasmodic, nafiverine, in an 
aqueous solution and in rabbit plasma was investigated. Metabo- 
lites of nafiverine in blood, bile, and urine were determined quan- 
titatively. The effectiveness of an intramuscular administration of 
nafiverine was comparable to that of an intravenous administra- 
tion. One metabolite of nafiverine, N-(2-hydroxyethyl)-N'-[~ 
(naphthyl)propionyloxy-2-ethyl]piperazine, is a new compound 
and its synthesis is described. 


Keyphrases 0 Nafiverine-stability, absorption, excretion, and 
distribution, intramuscular, intravenous, and oral administrations, 
rats, rabbits, and mice 0 Stability-nafiverine, aqueous solution 
and rabbit plasma 0 Absorption-nafiverine, intramuscular, in- 
travenous, and oral administrations, rats, rabbits, and mice 0 Dis- 
tribution-nafiverine, intramuscular, intravenous, and oral ad- 
ministrations, rats, rabbits, and mice 0 Metabolism-nafiverine, 
rats, rabbits, and mice 


Nafiverinel, N,N'-di[a-(1-naphthy1)propionyloxy- 
2-ethyllpiperazine (I), is a new synthetic antispas- 
modic which shows low toxicity and a high myolytic 
activity on the smooth muscles of the ileum, uterus, 
and coronary vessels (1,2). The present work investi- 
gated its stability in aqueous solution, absorption, ex- 
cretion, and distribution. 


EXPERIMENTALz 


a-(1-Naphthy1)propionic Acid (111)-A mixture of 80 g of so- 
dium hydroxide and 800 ml of 50% ethanol was added to 61.2 g of 
dihydrochloride of I, and this mixture was stirred for 30 min at  
room temperature. After the addition of 250 g of ice to the reaction 
mixture, 190 ml of concentrated hydrochloric acid was added to 
make the mixture acidic. The mixture was diluted to 2 liters with 
water and was stored in a freezer. Crystals separated and were col- 
lected by filtration and recrystallized from ethanol as colorless 
scales (40 g), mp 147.5-148.5'. The melting point of 111 agreed 
with that reported by Blicke and Feldkamp (3). 


Anal.-Calc. for C11H1102: C, 77.98; H, 6.04. Found: C, 77.98; H, 
6.34. 
N,N'-Di(2-hydroxyethyl)piperazine (1V)-After filtration of 


111, the filtrate was made alkaline (pH about 10.0) by the addition 
of 5% sodium hydroxide solution and evaporated to dryness. The 
residue was extracted with 300 ml of chloroform, and the chloro- 
form extract was evaporated to obtain about 9.3 g of crude IV. 
This residue was recrystallized from ethanol to colorless prisms, 
mp 134.0-135.5'; the melting point agreed with that reported by 
Pyman (4). 


Anal.-Calc. for CBH18N202: C, 55.14; H, 10.41; N, 16.08. 
Found: C, 55.42; H, 10.61; N, 16.32. 
N - (2-Hydroxyethyl)-N-[a-(l-naphthyl)propionyloxy-2- 


ethyl]piperazine (V)-A solution of 17.6 g (0.08 mole) of ~ ( 1 -  
naphthy1)propionyl chloride (obtained by the treatment of 111 with 
thionyl chloride) in 100 ml of chloroform was gradually added 
dropwise during 2.5 hr to a refluxing mixture of 41.8 g (0.24 mole) 
of IV and 450 ml of chloroform. After evaporation of chloroform, 
the residue was mixed with dilute sodium bicarbonate solution to 
pH 9-10. This mixture was extracted with ether, and the ethereal 
solution was dried over anhydrous sodium sulfate after washing 
with a small amount of water. A yellowish oily substance (34.4 g) 
was obtained by evaporation of ether. 


The oily residue was reacted with methanesulfonic acid in cold 
~ 


Instituto De AngeliCo., Ltd., Italy. * Nafiverine dimethanesulfonate (11) was obtained from the Instituto De 
Angeli Co., Ltd., Italy. 


methanol, and the methanol was removed in uacuo. The residue 
thus obtained was mixed with 140 ml of water and stored in a re- 
frigerator. A white precipitate (dimethanesulfonate of I) separated 
and was filtered. The filtrate was washed with ether and then ex- 
tracted with ether after the medium was made alkaline with 8% so- 
dium bicarbonate solution. From this ethereal solution, 12.4 g of 
crude V was obtained after evaporation of ether. The crude V was 
purified by TLC and identified as its methanesulfonate. 


The TLC conditions were: adsorbent, Diatomite (Kieselgel G )  in 
thickness of 1 mm; solvent, benzene-ethyl acetate-diethylamine 
(7:2:1); and Rlvalues (20'), 0 (III), 0.25-0.46 (V), and 0.53-0.57 (I). 


Pure V (1.1 g) was obtained from 2.5 g of crude V by extraction 
of the corresponding spots with methanol. 


Dimethanesulfonate (VI) of V-Fifty milliliters of methanol 
containing 6.73 g of methanesulfonic acid (0.07 mole) was added 
gradually under ice cooling and stirring to a mixture of 12.4 g of V 
(0.035 mole) and 100 ml of methanol. Ethyl acetate was added to 
the reaction mixture until formation of turbidity and then metha- 
nol was added until the turbidity vanished. When the mixture was 
stored overnight in a refrigerator, colorless crystals of VI separated 
(14 g), mp 114-115"; NMR (CDC13)3 of V: T 1.78-2.63 (7H, m) 


H "*" H 


Q9 CH,-CH - 


v C H g H -  


H ~ ~ J ~ ~ -  
5.50 (lH, q, J = 7.0 Hz) 


5.81 (2H, t, J = 5.5 Hz, -COOCH2CH2N<), 6.43 (2H, t, J = 5.3 
Hz, >N--CH2CH20H), 6.47 (lH, S, >N-CH,CH20H), 7.54 (2H, 
t, J = 5.5 Hz, --COOCHzCHzN<), 7.57 (2H, t, J = 5.3 Hz, 
>NCH2CH20H), 7.72 (8H, S) 


--N 'N- 
' c H , - c H ? /  


/CH,-ChI, 


and 8.33 (3h, d, J = 7.0 Hz) 


IR (liquid film): ucoo 1735 and VOH 3400 cm-'. 
Anal.-Calc. for, C Z ~ H ~ ~ N ~ O ~ S Z :  C, 50.35; H, 6.61; N, 5.11. 


Found: C, 50.13; H, 6.63; N, 5.21. 
Determination of I, 11, V, and VI (Methyl Orange Method)- 


A mixture of 3 ml of water, 1.5 g of sodium chloride, 8 ml of chloro- 
form, and 1 ml of plasma or aqueous solution containing I, 11, V, or 
VI was shaken vigorously for 1 hr. Four milliliters of the chloro- 
form layer after centrifugation was subjected to the methyl orange 
method (5).  The chloroform layer was mixed with 3 ml of an equi- 
volume mixture of 0.35% methyl orange solution and 1.75% boric 
acid solution, and the mixture was shaken for 10 min. Three millil- 
iters of the chloroform layer after centrifugation was mixed with 
0.5 ml of ethanol containing 2% sulfuric acid, and the absorbance 
of this mixture was determined at 520 nm. A mixture of 0.9 ml of 
plasma and 0.1 ml of a compound solution of known concentration 
was treated as described to prepare a calibration curve for plasma 
concentration. 


Determination of IV (Folin Method)-The modified Folin 
method (6) was used to quantitate IV. 


Determination of 111 (Formalin Method)-A mixture of 1 ml 
of plasma, 3 ml of 0.033 N HC1, 1.5 g of sodium chloride, and 8 ml 


3 The internal standard was tetramethylsilane. 
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Table I-Tabulation of Slope ( / z I ) ~ ,  Heat  of Activation, 
and Other Data Derived from Arrhenius Plots of 
Pseudo-First-Order Rates  for Thermal Degradation of 
I1 and VI in Aqueous Solutions 


4 X c " 10 


I1 VI  


. \  


Rate  constant (h) at 40' 27.8 X 17.1 X 
Rate  constant (k , )  at 50' 99.4 X 10-3' 31.9 X 
Rate  constant ( k ~ )  at 60' 330.5 X 57.6 X 
Heat  of activation, AHa i n  25.7 12.6 


Pb 16.4 7 .1  
kcal/mole 


at 25O 
Predicted rate  constant kl 3 .5  x 10-3 6.2 x 10-3 


a The rate constant ki is in reciprocal days. b Log (frequency factor). 


of ethyl acetate was shaken for 1 hr. After centrifugation, the evap- 
orated residue from 4 ml of the ethyl acetate layer was reacted 
with 1 ml of 3% paraformaldehyde in concentrated sulfuric acid for 
1 hr at room temperature. Absorbance of this mixture after the ad- 
dition of 3 ml of concentrated sulfuric acid was measured a t  640 
nm. A mixture of 0.9 ml of plasma and 0.1 ml of 111 solution of 
known concentration was treated as described to prepare a calibra- 
tion curve. 


Stability Test of I1 and VI in  Aqueous Solution-A 1% solu- 
tion of I1 or a 0.3% solution of VI stored a t  40, 50, or 60" was used 
for the stability tests. 


To assay I1 or VI, one spot, having the same Rf value as the au- 
thentic sample of pure I1 or VI after development of 10 pl of the 
test solution by TLC, was shaken with a mixture of 3 ml of water, 
1.5 g of sodium chloride, and 8 ml of chloroform for 1 hr. Four mil- 
liliters of the chloroform layer after centrifugation was treated by 
the methyl orange method to quantitate I1 or VI. The TLC solvent 
was ethyl acetate-benzene-ethylamine (7:5:1), the color developer 
was Folin reagent, and the adsorbent was Diatomite (Kieselgel G ) ,  
0.25 mm in thickness. The Rf values of I, 111, IV, and V a t  20' were 
0.90,0.03,0.03, and 0.35, respectively. 


Stability Test of I1 in Rabbit Plasma Ln Vitro-A mixture of 
0.9 ml of rabbit plasma and 0.1 ml of 0.1% I1 solution was stored 
for 2 hr a t  0 and 20". One spot, having the same Rf value as the au- 
thentic sample of pure I1 after development of 0.1 ml of the mix- 
ture by TLC, was shaken with a mixture of 3 ml of water, 1.5 g of 
sodium chloride, and 8 ml of chloroform for 1 hr. After centrifuga- 
tion, 4 ml of the chloroform layer was treated by the methyl orange 
method or Folin method to quantitate 11, IV, and VI. The TLC sol- 
vent was ethyl acetate-benzene-diethylamine (2:7:1), the color de- 
veloper was Folin reagent, and the adsorbent was Diatomite 
(Kieselgel G),  0.5 mm in thickness. The Rf  values of the authentic 
samples at 20" were 0.01 (IV), 0.35 (VI), and 0.85 (11). 


Distribution of I1 and Its Metabolites in Animal Tissues- 


2 4 6 8 1 0 1 2  
DAYS 


1 3 6 9 12 15 
DAYS 


Figure 1-Content of 11 or V I  in aqueous solution. Initial 
concentration was: 11, 14 mg/ml; and V I ,  3.3 mg/rnl. All data 
are the mean values of three experiments under the same condi- 
tions. 


3.0 3.1 3.2 
10'lJ 


Figure 2-Arrhenius plots of 11 and V I  in aqueous solution. 
T = absolute temperature; and kl = decomposition rate con- 
stant in reciprocal days. 


Each group consisted of three male and three female rabbits (aver- 
age weight 2.3 kg) or of five male and five female rats (Wistar 
strain, average weight 140 9). To rabbits and rats, 87 and 100 mg/ 
kg of I1 were administered intramuscularly. respectively. 


Eight organs (brain, lungs, heart, liver, kidneys, spleen, uterus, 
and testicle) were used for the determination of 11-V. The sample 
sizes were: 4 g, brain and kidneys; 3 g, lungs and testicle; 2 g, heart; 


Table 11-Distribution of Metabolites I ,  111, IV, and Va of Nafiverine after Intramuscular Administration of Nafiverine 
Dimethanesulfonate to Rabbi ts  


I I11 IV V 


Organ Hour mmoles/g pg/g mmolesjg rg/g mmoles/g pg/g mmoles/g rg/g 


Brain 


Lungs 


Heart  


Liver 


Spleen 


Kidneys 


Uterus 


Testicle 


2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 
2 
4 


0.12 f 0.02 86 f 14 0.19 
0.17 f 0.01 120 f 7 0.06 
0.10 f 0.01 75 f 6 0.54 
0.07 f 0.02 51 f 14 0.06 
0.16 f 0.00 117 f 3 0.16 
0.17 f 0.02 126 f 19 0.05 


- 0.10 
- 0.32 


0.23 f 0.00 163 f 2 0.65 
0.18 f 0.02 128 f 15 0.38 
0.09 f 0.02 65 f 12 0.69 
0.10 f 0.01 72 f 9 0.71 
0.24 f 0.05 174 f 37 0.69 
0.14 f 0.05 102 f 41 0.43 
0.13 f 0.04 94 f 29 0.08 


- 0.01 


- 
- 


- 


f O  
f O  
f 0  
f 0  
f O  
f 0  
f 0  
f O  
f O  
f 0  
f 0  
f O  
f 0  
f 0  
f O  
f O  


.05 


. 01 


.13 


.01 


.Ol 


.Ol 


.02 


.26 


.31 


.10 


.08 


.04 


.14 


.12 


.06 


. 00 


38 f 9 1.14 f 0.05 199 f 9 0.05 f 0.01 
11 f 2 1.30 f 0.16 226 f 28 0.08 f 0.01 


108 f 26 1.41 f 0.18 246 f 31 0.06 f 0.01 
11 f 2 0.32 f 0.20 56 =k 35 0.07 f 0.00 
31 f 2 0.33 & 0.11 57 
9 f 2 0.22 f 0.09 38 


19 f 4 0.58 f 0.34 101 
62 f 51 0.70 f 0.14 121 


129 f 62 1.29 f 0.05 225 
76 f 19 1.19 f 0.22 206 


137 f 20 1.23 f 0.25 214 
142 f 9 0.93 f 0.32 163 
138 f 29 1.38 f 0.14 240 
84 f 23 1.12 f 0.52 195 


f 19 0.08 
f 16 0.08 
f 58 
f 24 
f 9 0.10 
f 37 0.11 
f 44 0.07 
f 56 0.06 
f 25 0.22 
f 91 0.08 


f 0.01 
f 0.01 
- 
- 
f 0.02 
f 0.05 
f 0.01 
f 0.00 
f 0.06 
f 0.01 


15 f 11 0.16 f 0.05 28 f 8 0.05 f 0.01 
2 f 0 0.04 f 0.01 7 f 2 - 


29 f 8 
46 f 4 
32 f 7 
39 f 1 
42 f 3 
42 f 6 


56 f 12 
61 f 26 
36 f 5 
32 f 3 


118 f 32 
46 f 6 
28 =k 8 
- 
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Table 111-Distribution of Metabolites I, 111, I V  and  V" of Nafiverine af ter  Intramuscular Administration of 
Nafiverine Dimethanesulfonate to Rats 


I I11 I V  V 


Organ Hour mmoles/g pg/g mmoles/g pg/g mmoles/g pg/g mmoles/g r g l g  


- . . .  . . .  - 
0.12 23 0.03 5 
0.11 - . . .  . . .  


- 
. . .  


Brain 1 
2 
6 - - 


22 
. . .  0.03 6 . . .  . . .  


- 
- 


s 


Lungs 1 0.12 91 0.03 5 0.03 6 0.08 44 
2 - . . .  0.13 25 0.06 11 . . .  - 


.Ol 


0 0  


- - 6 - . . .  0.11 22 . . .  . . .  


, 


Heart  1 
2 
6 


005 


001 


Liver 1 
2 
6 


2 
6 


Spleen 1 


0.13 
0.09 - 
- 
- 
- 


0.08 
0.07 
- 


93 0.13 
65 1.32 


. . .  0.03 
- . . .  
- . . .  
- . . .  


58 0.06 
0.15 48 
- .. .  


25 
263 


6 
. . .  
. . .  
. . .  
11 
29 
. . .  


0.05 9 0.03 17 
0.21 37 0.03 16 
0.10 18 . . .  
0.02 3 . . .  
0.08 14 


0.04 7 0.05 25 
0.38 66 0.06 34 


- 


- 
- . . .  
- __ . . .  . . .  


- - . . .  . . .  
0.11 22 0.25 44 0.08 42 
- . . .  0.22 39 0.05 24 


Kidneys 1 0.11 79 
2 0.09 64 - 6 - . . .  - . . .  0.10 17 


. . .  . . .  0.32 55 2 
6 


0.02 3 1 
2 
6 


Uterus 1 0.19 139 0.02 3 0.06 11 0.07 39 


Testicle 


- - . . .  
- 


- 
. . .  . . .  - . . .  . . .  - - 


- . . .  . . .  
- - - 


11 
. . .  


0.06 . . .  
- 


. . .  . . .  - 
- - - . . .  . . .  . . .  . . .  - 


a see text. 


15 g, liver; and 1 g, spleen and uterus. These samples were homoge- 
nized with water, using 7 ml for brain, spleen, and kidney; 6 ml for 
lung, uterus, and testicle; and 8 ml for heart and liver. 


The homogenate was centrifuged and 1 ml of the supernate was 
treated by the same method as used for the determination of 111 
and IV. 


For the determination of I1 and V, 4 ml of the supernate from 
the centrifuged homogenate was mixed with 1.5 g of sodium chlo- 
ride and 8 ml of chloroform; this mixture was shaken vigorously for 
1 hr. After centrifugation, 4 ml of the chloroform layer was evapo- 
rated, the residue was dissolved in 100 pl of ethanol, and 50 fil of 
the ethanol solution was submitted to TLC. The TLC and fol- 
lowing procedures used were the same as described in Stability 
Test of II in Rabbit Plasma In Vitro. Organs of rabbits and rats 
not receiving any drug were treated in the same manner to serve as 
controls. Mixtures of control homogenate spiked with 11,111, IV, or 
V solution of known concentration were treated as already de- 
scribed to prepare a calibration curve. 


Collection of Rabbit Bile-Three female rabbits, 2.0-2.5 kg 
each, were anesthetized with 1 g/kg of urethan subcutaneously fol- 
lowing a fasting period of approximately 24 hr. A polyethylene 
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Figure 3-Plasma level of metabolites of nafiverine dimethane- 
sulfonate following intravenous administration of  50 mg to five 
female rabbits weighing about 2.4 kg each. 


tube was inserted into the bile duct, and the bile was collected for 
7.5 hr after administration of I1 under continuous anesthesia with 
urethan. At the end of the 1st (control) hr, the compound was 
given intravenously, intramuscularly, or orally. 


Determination of Metabolites of I1 in Rabbit Bile-To 1 ml 
of rabbit bile in an ice-cold centrifuge tube, 2 ml of ethanol was 
added and the mixture was stirred thoroughly. After standing for 
30 min under cooling with ice water, 0.5 ml of the supernate from 
centrifugation was mixed with 0.5 ml of water. This mixture was 
used for the determination of 111 or IV by using the formalin meth- 
od and Folin method. 


Detection of Urinary Metabolites of I1 in  Rabbits-Urine 
was collected for 24 hr from four female rabbits (average weight 3.2 
kg) receiving 1000 mg of I1 orally. After freeze evaporation of 
urine, 500 mg of the residue was mixed with 2 ml of water, and 0.1 
ml of the supernate after centrifugation of this mixture was sub- 
mitted to TLC. 


The TLC conditions were: adsorbent, Diatomite (Kieselgel G), 
0.5 mm in thickness; distance developed, 15 cm; Solvent A, ace- 
tone-ethyl acetate-chloroform (3:2:1); Solvent B, benzene-ethyl 
acetate-diethylamine (7:2:1); Solvent C, chloroform-methanol- 
28% ammonia (104:l); Solvent D, benzene-acetone-methanol (7: 
2:l); and color developer, Folin reagent or saturated solution of po- 
tassium dichromate in concentrated sulfuric acid. The R, values 
were: Solvent A, 0.93 (I), 0.71 (III), 0.01 (IV), and 0.07 (V); Solvent 
B, 0.85 (I), 0.01 (III),  0.07 (IV), and 0.46 (V); Solvent C, 0.98 (I), 


I11 IV 


0.5 1.0 2.0 
HOURS AFTER ADMINISTRATION 


Figure 4-Plasma level of metabolites of nafiverine dimeth- 
anesulfonate following intramuscular administration of 50 
mg to five female rabbits weighing abcut 2.8 kg each. 
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Table IV-Amount" of Metabolites I11 and IVb of Nafiverine Excreted in Female Rabbi t  Bile for 7.5 hr after 
Administration of Nafiverine Dimethanesulfonate 


Mean 
Body Metabolite 


Weight, 
Route  kg Dose, mg Pg % c  Bile Volume, ml/kg 


Intravenous 2 . 3  50 111: 406 f 131d 1 .5  + 0 . 5  1 6 . 1  f 2.7d  
IV: 1790 f 686 1 5 . 0  + 5 . 8  


Intramuscular 2 . 3  50 111: 92 f 50 0 .3  f 0 . 2  1 4 . 2  f 6 . 5  


Oral 2.1 100 111: - - 1 4 . 9  f 2 . 5  


Control 2 . 3  1 9 . 8  f 2.9 


IV: 1211 f 484 1 0 . 2  f 4 . 1  


IV: - - 


Each group consisted of three rabbits. * See text. c Percent of I11 or IV was calculated from a ratio of 2 moles of excreted I11 or 1 mole of excreted IV to 1 
mole of nafiverine dimethaneaulfonate. d Mean value * SE.  


0.85 (111), 0.83 (IV), and 0.98 (V); and Solvent D, 0.96 (I), 0.52 (1111, 
0.02 (IV), and 0.39 (V). 


Assay of Metabolites of I1 in Rabbit Urine-A mixture of 1 
ml of water and 500 mg of the lyophilized residue of urine of rab- 
bits receiving I1 in different doses and by different routes of ad- 
ministration was centrifuged, and 10 pl of the supernate was sub- 
mitted to TLC. The two spots corresponding to 111 and IV were 
each scraped off from the TLC plate developed with a mixed sol- 
vent of chloroform-methanol-28% ammonia (104:l) and extracted 
with 2 ml of ethanol by standing for 30 min at room temperature. 


After centrifugation, 1 ml of the supernate of the ethanolic ex- 
tract was used for determination of 111 and IV. To assay 111, the 
evaporated residue of the supernate was treated by the formalin 
method. In the determination of IV, the supernate was treated by 
the Folin method (6). The calibration curves of the two compounds 
were prepared separately by TLC as described by spotting the so- 
lution of the pure compound of a known concentration. 


RESULTS AND DISCUSSION 


The assay procedures used in the present work (i.e., methyl or- 


0.5 1 2 4 7 
HOURS AFTER ADMINISTRATION 


Figure 5-Plasma level of metabolites of nafiverine dimethane- 
sulfonate following oral administration of 100 mg to three 
female rabbits weighing about 2.3 kg each. 
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Figure 6-Plasma level of metabolites of nafiverine dimethane- 
sulfonate following intramuscular administration of 100 mg to 
five female ruts (Wistar strain, average weight 135 g ) .  


ange method for I, 11, V, and VI; Folin method for IV, and formalin 
method for 111) are all very sensitive, and it was ascertained that 1 
pg of any of the six compounds in the experimental conditions 
used is assayable by the respective assay method. Furthermore, 111 
and IV do not show color reaction by the Folin method and the 
formalin method, respectively. 


Since there are two ester bonds in the chemical structure of 11, 
the stability of I1 in aqueous solution was examined to find the 
reason for its stability in animal blood. In the stability tests of I1 
and VI in aqueous solutions, I1 and VI are not detected and as- 
sayed as themselves (dimethanesulfonate) but as I and V (free 
forms), respectively, by the TLC determination. From TLC of the 
test solutions with which the stability tests were performed, I, 111, 
IV, and V were detected as the decomposition products of 11; and 
111, IV,. and V were detected as the decomposition products of VI. 


From the assay results (Fig. 1) of unchanged I1 or VI, the kinet- 
ics of degradation of I1 and VI at 40, 50, and 60 f 1' were inter- 
preted on the basis of the pseudo-first-order reactions. Several 
constants (7) concerning the stabilities of I1 and VI (Table I) were 
derived from the results shown in Fig. 1; the Arrhenius plot is 
shown in Fig. 2. 


As shown by TLC, I and V did not appear in animal blood fol- 
lowing administration of 11. Plasma levels of Metabolites 111 and 
IV after administration of I1 are shown in Figs. 3-7. In Fig. 3, 
blood levels of the metabolites were determined until 2 hr after ad- 
ministration of 11. Figure 4 shows that both I11 and IV disappeared 
3 hr after their administration; in Fig. 5, IV vanished 7 hr after ad- 
ministration, although zero values could not be plotted on loga- 
rithmic paper. In rats (Fig. 6), both 111 and IV disappeared 4 hr 
after administration. In mice (Fig. 7). 111 and IV vanished 8 and 4 
hr, respectively, after administration. 


To see some of the reasons for the absence of I and V in animal 
blood, the stability of I1 in rabbit plasma was investigated in uitro. 
The methyl orange method can be used to quantitate both I and 
V; therefore, the remaining percent of I is the amount of a mixture 
of I and V in plasma. The remaining percentages of I a t  0.5, 1, and 
2 hr after storage of a mixture of rabbit plasma and I1 a t  20 f lo 
were 45.2, 12.4, and 1.1%, respectively. On the other hand, the re- 
maining percentage of I at 2 hr after storage of the same mixture at 
0' was 97.7%. In addition, V was detected by TLC in a mixture of 
plasma and I1 stored at  20' for 0.5 and 1 hr, but V could not be 


I- -. 


1 2  4 6 
HOURS AFTER ADMINISTRATION 


Figure 7-Plasma level of metabolites of nafiverine dimethane- 
sulfonate following intramuscular administration of 100 mg 
to 10 male mice (dd strain, average weight 20 g )  . 
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Table V-Excretion of Metabolites I11 and IVa of Nafiverine after Administration of Nafiverine 
Dimethanesulfonate to Rabbi ts  


Mean Excreted Amount, m g  
Body Excre- 


Rabbits Weight, Meta- 0-24 24-48 48-72 72-96 tion*, 
Used kg Sex Route Dose, m g  bolite hr hr hr hr Total  % 


4 3.2 Male Oral 1000 111 75.2 18.9 1.8 - 95.9 17.6 
I V  16.5 7.2 3.2 2.7 29.6 12.4 


3 2.2 Female Oral 100 I11 5.8 7.7 0.4 0.2 14.1 25.8 
I V  2.3 2.7 0.4 - 5.4 22.7 


4 3 .O Male Intramuscular 900” I11 14.0 58.6 34.5 3.9 111.0 22.6 
I V  10.1 19.7 13.1 5.1 48.0 22.4 


3 3.3 Female Intramuscular 50 I11 5.1 1.1 0.3 - 6.5 23.8 
IV 4.1 1.5 1.1 1.3 8.0 67.2 


3 2.8 Female Intravenous 50 I11 5.6 1.2 0.5 - 7.3 26.7 
IV 5.2 1.6 1.3 - 8.1 68.0 


a See text. h Percent of I11 or IV was calculated from a ratio of 2 moles of excreted 111 or 1 mole of excreted IV to 1 mole of nafiverine dimethanesulfonate. 
C Nafiverine dimethanesulfonate (300 mg) was given three times every 2 hr to a rabbit. 


found in the mixture stored at 0 or 20° for 2 hr. These facts re- 
vealed that I is unstable and rapidly hydrolyzed in rabbit plasma 
at 20°. As shown in Tables I1 and 111, Metabolites I, 111, IV, and 
V are distributed in animal organs but none of these metabolites is 
found 24 hr after intramuscular administration of I1 to rabbits and 
rats. It is interesting that a relatively large amount of metabolites 
of I1 was distributed in the uterus (rabbits and rats) but not in tes- 
ticles. 


The amount of metabolites of I excreted in rabbit bile during 7.5 
hr after administration by different routes is shown in Table IV. 
No metabolites of I were found using the methyl orange method, 
and this fact supports the absence of I and V. Metabolites I11 and 
IV were found as the metabolites of I in rabbit bile. About 17% of 
the administered I1 was excreted in rabbit bile after its intrave- 
nous administration, while about 11% of the administered I1 was 
excreted in bile after its intramuscular administration. On the 
other hand, no metabolites were found after oral administration. It 
is desirable to examine the reasons for the considerable differences 
in the amount of metabolites excreted by different routes of ad- 
ministration. Compound I1 showed no effect on the volume of rab- 
bit bile excreted during 7.5 hr. 


Urine collected from rabbits receiving I1 was lyophilized and the 
residue was examined by TLC for the presence of metabolites. 
Urine was collected for 4 days after administration of 11, since 
urine collected from 96 to 120 hr after the administration con- 
tained no chemical or its metabolites, as evidenced by TLC. Two 
metabolites, 111 and IV, were detected in rabbit urine by TLC. 
Two spots representing 111 and IV were separated and identified 
by using Solvent C for TLC. A micromelting-point determination 
of the mixture of evaporated residue of ethanolic extract (obtained 
from 5-10 spots having the same Rf value) and an authentic sam- 
ple was used for identification. 


To detect some metabolites present in conjugated form in rabbit 
urine, the lyophilized residue of urine was hydrolyzed with 5 N hy- 
drochloric acid under the same conditions as reported for amino- 
ethanesulfonylpiperidine (8). After neutralization with 5 N sodium 
carbonate solution, the mixture was submitted to TLC, using Sol- 
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vents A, B, C, and D. No metabolites except 111 and IV were found, 
and no increase was found in the amounts of 111 and IV excreted. 
Therefore, 111 and IV in rabbit urine were directly determined by 
using the formalin method and the Folin method, respectively, as 
described under Experimental. 


As shown in Table V, the fact that about 68% of IV was excreted 
after intravenous administration compared to about 67% after in- 
tramuscular administration shows that the availability of I1 after 
intramuscular administration is not different from that after intra- 
venous administration. The ratio of the amount of IV to that of 111 
in rabbit urine was near 1 after oral administration of I1 and intra- 
muscular administration of 900 mg of 11, while the ratio was above 
2.5 after intramuscular administration of 50 mg of I1 and intrave- 
nous administration of 11. The reason for these changes in the ratio 
according to the dose or the route of administration should be in- 
vestigated. 


In the present work, the main fate of I1 in animals should he as 
shown in Scheme I. 


SUMMARY 


1. Stabilities of nafiverine dimethanesulfonate and N-(2-hy- 
droxyethyl) - N’-[cu-(l-naphthyl)propionyloxy-2-ethyl]piperazine 
dimethanesulfonate were measured. The latter is a new compound 
and its synthesis was described. 
2. Nafiverine could not be detected in animal blood but was 


present in animal tissues after the administration of its dimeth- 
anesulfonate. 
3. In animal blood, bile, and urine, two metabolites, cu-(l- 


naphthy1)propionic acid and N,N’-di(2-hydroxyethyl)piperazine, 
were detected and assayed. 


4. Absorption of nafiverine dimethanesulfonate was almost the 
same by intramuscular administration as by intravenous adminis- 
tration on the basis of its excretion in rabbit urine. 
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Spasmolytic Constituents of Cedrus deodara (Roxb.) Loud: 
Pharmacological Evaluation of Himachalol 


K. KAR*X,  V. N. PURI*, G. K. PATNAIK*, RABINDRA N. SUR*, 
B. N. DHAWAN *, D. K. KULSHRESTHA $, and R. P. RASTOGI * 


Abstract Himachalol has been identified as the major antispas- 
modic constituent in the wood of Cedrus deodara. The pharmaco- 
logical studies of himachalol on various isolated smooth muscles 
(guinea pig ileum, rabbit jejunum, rat uterus, and guinea pig semi- 
nal vesicle) and against different agonists (acetylcholine, hista- 
mine, serotonin, nicotine, and barium chloride) indicated spasmo- 
lytic activity similar to that of papaverine. It was a more potent 
antagonist of barium chloride-induced spasm of guinea pig ileum 
than papaverine but less effective in reverting a similar spasm of 
rabbit jejunum and had no relaxing effect alone. In the conscious 
immobilized cat, intragastric administration of himachalol or pa- 
paverine (100 mgkg) produced equal inhibition of carbachol-in- 
duced spasm of the intestine, lasting about 2 hr, but himachalol 
had a faster onset of action. Himachalol was devoid of spasmolytic 
effect on the bronchial musculature of guinea pig but was 3.3 times 
more potent than papaverine in antagonizing epinephrine-induced 
contraction of the guinea pig seminal vesicle. Intravenous injection 
of himachalol (3-10 mg/kg) in the cat produced a dose-dependent 
fall in blood pressure and an increased femoral blood flow. 


Keyphrases Cedrus deodara-spasmolytic constituents, phar- 
macological evaluation of himachalol Himachalol-spasmolytic 
constituent of C. deodara, pharmacological evaluation Spasmo- 
gens-pharmacological evaluation of himachalol 0 Medicinal 
plants-pharmacological evaluation of himachalol from C. deoda- 
ra 


During the biological screening of Indian plants for 
the presence of active substances, it was observed 
that a 50% ethanol extract from the wood of Cedrus 
deodara (Roxb.) Loud (N.O. Pinaceae) possessed 
significant antispasmodic activity (1). Detailed stud- 
ies were undertaken, and the present article describes 
the identification of the major spasmolytic constitu- 
ent as the known sesquiterpene himachalol (I) (2, 3) 
and its pharmacological evaluation. 


EXPERIMENTAL 


Extraction and Identification of Himachalol-The alcoholic 
extract of the plant wood (10 kg) was separated into petroleum 
ether-soluble, chloroform-soluble, water-soluble, and water-insolu- 
ble fractions. The petroleum ether-soluble fraction (510 g) showed 
an enhancement of antispasmodic activity, and it was subjected to 
chromatography over alumina (10 kg) in hexane solution. 


The progressive elution of the column by solvents with increas- 
ing polarity and the biological evaluation of the resultant eluates 


’ The plant sample was identified by Dr. B. Gupta and Mr. B. N. Mehrot- 
ra of the Botany Unit, Central Drug Research Institute, Lucknow, India. A 
voucher specimen (No. 27) has been preserved in the institute herbarium. 


led to the isolation of a fraction (65.3 g), which was eluted with 
hexane-benzene (1: 1). This fraction was dissolved in acetonitrile 
(80 ml) and allowed to stand in a deep freeze when a crystalline de- 
posit was obtained. It was filtered and recrystallized as colorless 
rhombuses (23 g), mp 67’. It was found to be homogeneous by 
TLC and GLC and exhibited antispasmodic activity. 


This crystalline substance, C15H260 (M+ 222), was an unsatu- 
rated sesquiterpene alcohol; IR (KBr): 3320,1130, 1025, 1650, and 
862 cm-’; NMR (CDC13): 0.86, 1.0 (3H, each s, two quaternary 
CH3), 1.23 (3H, s, one CH3 attached to a carbon linked to an oxy- 
gen), 1.65 (3H, one vinylic CH3), and 5.55 ( lH,  d, J = 5 Hz, one 
olefinic proton) ppm. On the basis of physical and spectral data, it 
was identified as himachalol(2,3). 


Acute Toxicity-Mice of either sex, 15-25 g, were divided into 
groups of 10 each. They were deprived of food for 16 hr and ad- 
ministered graded doses of himachalol and papaverine orally or in- 
traperitoneally. Himachalol was used as a suspension in gum aca- 
cia, and papaverine hydrochloride was used as an aqueous solu- 
tion. 


The volume of the oral and intraperitoneal injections never ex- 
ceeded 0.2 and 0.1 m1/10 g of body weight, respectively. The mor- 
tality over the next 72 hr was recorded, and the LDm value was 
calculated by the probit analysis method (4). 
In Vitro Spasmolytic Activity-Guinea Pig Ileum -Sections 


of ileum (4-5 cm long) were suspended in an organ bath of 16-ml 
capacity, containing aerated Tyrode solution at 35-36’. Acetylcho- 
line chloride (1 X 10-8g/ml), histamine acid phosphate (2.5 X 
g/ml), serotonin (5 x g/ml), nicotine sulfate (5 x g/ml), 
and barium chloride (2 X g/ml) were used as spasmogens and 
left in contact with the tissue for 15-20 sec. Contractions (1:6 mag- 
nification; 1 g tension) in response to spasmogen alone and in the 
presence of various concentrations of himachalol or papaverine 
were recorded using a frontal writing lever on a smoked drum. 


An alcoholic solution of himachalol was added to the bath 1 min 
before the addition of the spasmogen and was washed out 15-20 
sec later with two changes of bath solution at  a I-min interval. The 
concentration causing 50% reduction of contraction was calculated 
by plotting the log molar concentration and percent inhibition 
curve. Papaverine in an aqueous solution was used as the reference 
standard. The effect of different concentrations of himachalol and 
papaverine on the cumulative dose-response curve of the ileum to 
histamine was also studied using the Van Rossum and Van Den 
Brink (5) technique. 


Rabbit Jejunum-Jejunum pieces (5-6 cm long) were set up as 
described for the guinea pig ileum. The effect of himachalol and 
papaverine was studied on the tone, motility, and barium chloride 
(2 X 


Rat Uterus-Virgin rats, 100-230 g, were given stilbestrol (1 


OH 


g/ml)-induced spasm of the intestine. 


I 
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withdrawing substituents. The measurement of lipophilicity, using 
experimental partition coefficient data, was more dependable than 
an estimation from literature data collected in a different system. 
The preference for actual measurement over the estimation of li- 
pophilicity is even more obvious when one deals with drug mole- 
cules having a complicated molecular structure. 
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Selecting Key Parameters in Pharmaceutical 
Formulations by Principal Component Analysis 


N. R. BOHIDARX, F. A. RESTAINO, and J. B. SCHWARTZ 


Abstract 0 The role of principal component analysis in the selec- 
tion of pharmaceutical formulations is presented. The objective 
and the procedure of the analysis are discussed in detail. The tech- 
nique was successfully applied to a system consisting of 10 re- 
sponse variables (tablet properties). Analysis of the results showed 
that the first component (dissolution) and components one and 
two together (dissolution and disintegration) contributed 95.4 and 
99.3%, respectively, to the overall information about the formula- 
tions and that eight of 10 response parameters contributed nothing 
further to the overall information. The results obtained from this 
method of analysis may be found useful for achieving economy in 
both cost and time of measuring responses. Principal component 
analysis also provides a basis for understanding the underlying 
mechanism of the system under consideration. 


Keyphrases 0 Pharmaceutical formulations-selecting key pa- 
rameters by principal component analysis, examples Formula- 
tions, pharmaceutical-selecting key parameters by principal com- 
ponent analysis, examples 0 Principal component analysis-se- 
lecting key parameters in pharmaceutical formulations 


In the development of a drug delivery system, a re- 
search pharmacist usually measures several response 
parameters. For instance, 10 or more parameters 
were considered in the development of a pharmaceu- 
tical tablet formulation (1). Based on all of these pa- 
rameters, one attempts to find those levels of the for- 
mulation factors (diluent ratio, compressional force, 
etc.)  for which the system is considered optimum. 


Since a large number of interrelated response vari- 
ables is generally involved, it is relevant to ask how 
the interrelation and covariation of these measure- 
ments might be represented and whether fewer mea- 
surements might not carry all the necessary informa- 
tion for accomplishing a specific objective. 


When several formulations are available, the devel- 
opmental pharmacist must determine how best to 
distinguish between them. When one is choosing be- 
tween two or three, the trend may be obvious. For ex- 
ample, the formula changes made may cause no dif- 
ference in tablet hardness but considerable differ- 
ence in disintegration characteristics. But when a 
long list of formulations is available or, more precise- 
ly, when one has infinite possibilities (as in computer 
optimization) and is dealing with many parameters, 
the trend is less obvious. 


One may have certain basic constraints, such as a 
minimum hardness value, but it is nevertheless im- 
portant to know which property or properties can be 
used to distinguish between choices. Generally, an 
educated guess is made, based on experience with the 
system and with pharmaceutical systems in general. 


But there is a mathematical method to select those 
variables that best distinguish between formulations 
and those variables that change most drastically from 
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one formulation to another and which should be the 
criteria upon which one selects a formulation. 


A multivariate statistical procedure called “princi- 
pal component analysis” can effectively be used to 
answer these questions. Basically, this method first 
finds the function of the observations that has the 
largest variance and then finds the function, inde- 
pendent of the first function, having the largest vari- 
ance. J t  then finds the function, independent of the 
first two functions, with the largest variance and so 
on. 


If p variates (responses) are observed, it is obvious 
that p of these could account for all of the variability 
in the original observations. The problem is whether 
fewer variates might be used. If so, some principal 
components might not contribute anything to the 
overall variability; thus, they would not help in dis- 
tinguishing one formulation from another. 


Large sets of data should not be subjected to a 
principal component analysis merely to obtain fewer 
variables to work with without regard to an overall 
objective. The objective should be established first 
and then the principal component model should be 
used only if it  complements the objective. However, 
tremendous simplification of the data can often be 
effected for problems where principal component 
analysis is appropriate. 


The primary purpose of this paper is to demon- 
strate the role of principal component analysis in 
pharmaceutical formulation development by apply- 
ing the procedure to the data from an optimization 
experiment previously described (1). Ten response 
variables were measured on each of 27 formulations, 
and the variables substantially contributing to the 
overall information were identified. 


The theoretical section is meant to serve as a guide 
for following the steps in the principal component 
analysis technique. However, computer programs can 
perform all of the indicated operations, and it is only 
necessary to feed in the raw data. A familiarity with 
the theory is useful for analysis of the results and for 
those who wish to modify available programs. 


EXPERIMENTAL 


The 10 parameters shown in Table I were measured on each of 
the 27 tablet formulations considered for the experiment’ de- 
scribed in detail in Ref. 1. Thus, the data set to be subjected to 
principal component analysis contains 27 values for each response 
shown in Table I. 


THEORY AND PROCEDURE 


The structure of the data associated with the experiment is pre- 
sented in the matrix form shown in Table 11. 


For the purpose of describing the procedure, let Y;h ( i  = 1 ,2 , .  . ., 
p ;  h = 1, 2, . . ., N )  denote the numerical value associated with the 
hth experiment for the i th  response variable, and let p and N rep- 
resent the number of response variables and the number of experi- 
ments for each parameter considered, respectively. In this case, p 
= 10 and N = 27 in Table 11. The value of Y L k  can be the mean of 
several measurements. 


The technique utilized here may he applied to any multivariate system 
and need not be limited to the statistically designed set of experiments con- 
sidered here. 


Table I-Response Variables 


Symbolic 
Des- 


ignation Response Variable Units 


Y, (DT) Disintegration time Minu tes  
Y, (HD) Tab le t  breaking strength Kilograms 
Y3 ( D R )  Dissolution Percent released i n  


30 min 
Y, (FR) Friabil i ty Percent weight loss 
Yj (TH) Thickness uniformity RSD, % 
Y, (PO) Porosity Milliliters per g ram 
Y7 (MP) M e a n  pore diameter  Micrometers 
Y8 (WT)  Weight uniformity RSD, % 
Y, (TB) T a b l e t  breakage N u m b e r  of chipped 


Yla ( G M )  Granulat ion mean diame- Mill imeters 
tablets  


ter 


The variance ( S , , )  and the covariances (S,,, i # j )  associated 
with the p parameters are then calculated as follows: 


where i = 1 , 2 , .  . ., p ,  and: 


covariance = S,J(i z J )  = CY,~Y, ,  - 
[ k y l  


I ‘ J t  


wherei = 1,2, .  . . . p  and j = 1,2, .  . . , p .  
There would be a total of p variances and lbz p ( p  - 1) covarian- 


ces associated with p parameters. There will be 10 variances and 
45 covariances when 10 parameters are considered. The variance 
and covariance quantities are then arranged in a square matrix 
form as follows: 


s,, SI2 ... 
s,, s,, ... q r 


= = I  
This matrix is called the variance-covariance matrix and is de- 


noted by the greek letter Z (sigma). The variances a le  arranged in 
the main diagonal of the matrix and the covariances are placed in 
their respective pff-diagonal positions. Since S,, =, S,, ( i  # j ) ,  one 
has only % p ( p  + 1) distinct elements in the matrlx. If there are p 
parameters, then the dimension of this matrix is ( p  X p )  with p 
rows and p columns and there are p 2  4ements in the matrix. 
When p = 10, the dimension of Z is (10 X 10) with 100 elements in 
the matrix. 


The determinant of the matrix reduces these p 2  (here 100) ele- 
ments to a single number. This number represents the variance of 
the extire system, usually called the generalized variance. This sta- 
tistic is helpful for comparing the variances of two different sys- 
tems. The primary interest here, however, is in the magnitude of 
the variances of the individual components and their relative in- 
formation within the system under consideration. So consider the 
determinant of the matrix (Z - XI), where I is the identity matrix 
with ones in the main diagonal and zeros elsewhere and, expressed 
explicitly, gives: 


IZ - A I I  = 


s11 - X I  S I ,  ... s,, 
321 s,, - h, ... s,, 


m. 4)  


S P I  S,, ... s,, - A, 
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Table 11-Data Matrix 


1 Yl 1 y2 I y31 y41 Y5, Ye1 y? 1 Y*1 Yo1 Y10,l 
2 Y12 Y22 y32 y42 y52 y62 Y72 Y82 YD2 YlO.2 
3 Yl3 y2 3 Y33 Y43 Y63 Ye3 y13 Y83 Y93 YIOJ 


In this equation, the Xi’s (i = 1, 2, . . ., p )  are unknown. By setting: 


IZ - A l l  = 0 (Eq. 5) 


and expanding the determinant on the left, one has a polynomial 
equation of pth order of the following form: 


IZ - XI( = f(A) = (-A)P + aP-l(-A)’-’ + ... -t 
a,(-A) + a, = 0 (Eq. 6) 


where the coefficients a,’s are, but for signs, the sum of all of the 
principal ith-order minors of the determinant of the variance-co- 
variance matrix 2. A pth-order polynomial would yield p roots 
(zeros of the polynomial). These roots (Xi’s) are known as charac- 
teristic roots, latent roots, or eigenvalues. The term “eigenvalue” 
will be used in the subsequent reference to the roots. These eigen- 
values (XI, X p ,  . . ., A,) represent the variances of each “orthogonal” 
component of the system. The variance-covariance matrix of the 
orthogonal system (A) has the following structure: 


It is clearly seen in Eq. 7 that the original system has been trans- 
formed to an orthogonal system in which the covariances of the 
components have been reduced to zero (hence the term orthogonal 
system is used). The generalized variance of the original system is 
identically equal to the generalized variance of the orthogonal sys- 
tem, that is: 


IZI =‘lAl (Eq. 8 )  


This clearly indicates the complete preservation of the total infor- 
mation of the original system in the transformed system. The 
orthogonal system provides an estimation of the relative contribu- 
tion of each component to the overall information. Let 0 = XI + A:! + . . . + A,; then 100XlO-l, lOOA20-’, . . ., 1O0Xp0-’ are the respec- 
tive relative contribution (in percent) of each of the p components 
of the system to the overall information. 


Now consider the structure of each component. Associated with 


Table 111-Eigenvalues, Relative Information, 
and Cumulative Relative Information Associated 
with Each Component 


Relative Cumulative 


Principal values % Information, 


I 578.4 9 5 . 4  9 5 . 4  
I1 23.9 3 . 9  9 9 . 3  


I11 2.2 0 . 4  9 9 . 7  
IV 2 . 0  0.3  100.0 
Total  100.0 


Eigen- Information, Relative 


Component (h i )  (iooxie -1) % 


each eigenvalue A, ( r  = 1, 2, . . ., p )  is a set of p coefficients, ur : ,  
u,:!, . . ., urp; r = 1, 2, . . ., p. This set of coefficients, called the ei- 
genvector of eigenvalue A,, is a solution of the equation: 


(Z - A,Z)v = 0 r = 1,z ...,p (Eq. 9)  


where I is the identity matrix with ones in the main diagonal and 
zeros elsewhere. This equation is expressed explicitly as follows: 


... SIP 


where r = 1,2 ,3 , .  . ., p .  
The magnitudes of the coefficients associated with those princi- 


pal components that are substantially contributing to the overall 
information are of interest in the interpretation of the principal 
component analysis of the system under consideration. 


The codes of a FORTRAN program for computing the eigenval- 
ues and eigenvectors of a real symmetric matrix are available (2) 
and are suitable for adoption into any computer system without 
considerable effort. 


The detailed mathematics of the procedure can be found in Ref. 
3. 


RESULTS AND DISCUSSION 


The results of the principal component analysis associated with 
the system under consideration are presented in Tables 111-V. The 
results presented in Tables 111 and IV pertain to the situation in 
which all 10 parameters were included in the analysis, as does 
Analysis I in Table V. The other results presented in Table V per- 
tain to situations where two or more parameters were excluded 
from the system. This approach is not an essential feature of the 
principal component analysis. However, it is provided here to illus- 
trate the results of the analysis in the presence or absence of cer- 


Table IV-Coefficients of Eigenvectors Associated 
with First Two Principal Components 


Principal Principal 
Component Component 


Parameter I I1 


Dissolution (DR) 
Porosity (PO) 
Friability (FR) 
Disintegration time (DT) - 


0 . 9 8  0 . 2 2  
0.00 0.00 
0.00 0.00 
0 . 2 2  0 . 9 7  


Weight-uniformity ( W T )  - 0 . 0 1  0 . 0 3  
Thickness uniformity (TH) 0.00 0.00 
Granular mean diameter (GM) 0.00 0.00 
Tablet  breakage (TB) 0.00 0.00 
Mean pore diameter (MP)  0.00 0.00 
Tablet  breaking strength (HD) 0 . 0 1  0 . 1 2  
Relative information, % 9 5 . 4  3 . 9  
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Table V-Relative Information (Percent)  of Parameters for Five Principal Component  Aaalyses 


Analysis I Analysis I1 Analysis I11 Analysis I V  Analysis V 
Order  of Relat ive Order  of Relative Order  of Relat ive Order  of Relat ive Order of Relat ive 


Serial Param- Infor-  Param- Infor- Param- Infor- Param- Infor-  Param- Infor- 
Number  eters ma t ion  eters mation eters ma t ion  eters ma t ion  eters mation 


- - - 9 5 . 4  ( D R )  9 5 . 4  - - - 
- - - - - - 3 . 9  


0 . 4  
0.3 


- - - - (DT) 
5 2 . 5  
4 4 . 9  - - - - 


(DR) 3 . 9  


K2 0 . 3  


1 
2 
3 
4 


(DT) 0 . 4  


- 10 (PO)’ 0 . 0  - (PO) ’ 0.0  (PO)’ 0 . 1  (PO)’ 0 . 2  
T o t a l  100.0 1 0 0 . 0  100.0 100.0 1 0 0 . 0  


0 Represents a rounded figure. 


tain parameters. The information-analysis (variance-analysis) of 
the first four components is given in Table 111. The structure-anal- 
ysis of the first two components is presented in Table IV. 


Table 111 lists the first four components, their respective eigen- 
values, and the relative information calculated from them. An ex- 
amination of these data shows that the total information contained 
in the system was contributed by these first four of the 10 princi- 
pal components. In other words, the last six principal components 
did not contribute anything to the overall information. Further- 
more, the first principal component Contributed as much as 95.4% 
of the total information. 


I t  is necessary now to conduct the structure-analysis of the com- 
ponents. The results presented in Table IV for principal compo- 
nent I reveal that  “dissolution” was the predominant parameter of 
the component by sharing the largest value (0.98) among the coef- 
ficients associated with the component. Now, by relating the re- 
sults of the variance-analysis and the structure-analysis, it may be 
inferred that dissolution accounted for most variabilities in the 
system. In other words, dissolution contained the most informa- 
tion concerning the power of distinguishing among the 27 formula- 
tions under consideration. If the objective is to achieve the opti- 
mum levels of the formulation factors (l), then constraining the 
dissolution parameter would lead to a faster selection of the opti- 
mum formulation than would constraining any other parameter 
considered. 


Component I1 in Table 111 contributed only 3.9% of the total in- 
formation. A structural analysis (Table IV) reveals that  “disinte- 
gration time” was the predominant parameter associated with this 
principal component. The two parameters, dissolution and disinte- 
gration, yielded a cumulative relative information of 99.3%. The 
same procedure can be followed for each component. 


In Table V, the parameters are presented in the order of the rel- 
ative information contributed. The results of the principal compo- 
nent analysis involving all parameters in the system are shown in 
Analysis I. A discussion of these results was already presented. 
Analysis I1 shows the results of the principal component analysis 
involving only the first five parameters. The results of Analyses I 
and I1 are identical with respect to the order and magnitude of the 
relative importance of the first five parameters. 


The results of the principal component analysis involving only 
the last. eight parameters are presented in Analysis 111; weight uni- 
formity and tablet breaking strength become the predominant pa- 
rameters in this particular system. The results of the principal 
component analysis involving only the last six parameters are pre- 
sented in Analysis IV; friability, mean pore diameter, and tablet 
thickness become the predominant parameters in this system. The 
results of the principal component analysis involving only the last 
five parameters are presented in Analysis V, mean pore diameter, 
tablet breakage, and tablet thickness are the predominant parame- 
ters of this particular system. These types of analyses would pro- 


vide a basis for a general understanding of the underlying mecha- 
nisms of the particular system considered. 


A word of caution is in order. The results and the conclusions as- 
sociated with a principal component analysis pertain only to the 
specific system to which the analysis was applied. Although the 
procedure may be applied to any multivariate system, any extrap- 
olation of the results of one system to another is not appropriate. 
Each system must be analyzed separately and the results so ob- 
tained must be interpreted independently. 


CONCLUSION 


In this study it was clearly shown that principal component 
analysis can play an important role in pharmaceutical formulation 
by identifying parameters that are substantially contributing to 
the overall information associated with the system. I t  was observed 
that the first principal component contributed as much as 95.4% of 
the total information. The first two principal components together 
contributed as much as 99.3% of the overall information. Dissolu- 
tion was identified as the predominant parameter of the system. 
Therefore, this parameter alone could effectively be used in the 
comparison of candidate formulations and in the constraining op- 
eration ( 1 )  for a faster selection of the optimum formulation. 


Disintegration was identified as the next important parameter. 
All other parameters did not contribute substantially to the overall 
information. This information is vital in that  one would be able to 
achieve economy in cost and time of measuring responses. Princi- 
pal component analysis could also be used to provide a basis for 
understanding the underlying mechanism of the system. 
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Spasmolytic Constituents of Cedrus deodara (Roxb.) Loud: 
Pharmacological Evaluation of Himachalol 


K. KAR*X,  V. N. PURI*, G. K. PATNAIK*, RABINDRA N. SUR*, 
B. N. DHAWAN *, D. K. KULSHRESTHA $, and R. P. RASTOGI * 


Abstract Himachalol has been identified as the major antispas- 
modic constituent in the wood of Cedrus deodara. The pharmaco- 
logical studies of himachalol on various isolated smooth muscles 
(guinea pig ileum, rabbit jejunum, rat uterus, and guinea pig semi- 
nal vesicle) and against different agonists (acetylcholine, hista- 
mine, serotonin, nicotine, and barium chloride) indicated spasmo- 
lytic activity similar to that of papaverine. It was a more potent 
antagonist of barium chloride-induced spasm of guinea pig ileum 
than papaverine but less effective in reverting a similar spasm of 
rabbit jejunum and had no relaxing effect alone. In the conscious 
immobilized cat, intragastric administration of himachalol or pa- 
paverine (100 mgkg) produced equal inhibition of carbachol-in- 
duced spasm of the intestine, lasting about 2 hr, but himachalol 
had a faster onset of action. Himachalol was devoid of spasmolytic 
effect on the bronchial musculature of guinea pig but was 3.3 times 
more potent than papaverine in antagonizing epinephrine-induced 
contraction of the guinea pig seminal vesicle. Intravenous injection 
of himachalol (3-10 mg/kg) in the cat produced a dose-dependent 
fall in blood pressure and an increased femoral blood flow. 


Keyphrases Cedrus deodara-spasmolytic constituents, phar- 
macological evaluation of himachalol Himachalol-spasmolytic 
constituent of C. deodara, pharmacological evaluation Spasmo- 
gens-pharmacological evaluation of himachalol 0 Medicinal 
plants-pharmacological evaluation of himachalol from C. deoda- 
ra 


During the biological screening of Indian plants for 
the presence of active substances, it was observed 
that a 50% ethanol extract from the wood of Cedrus 
deodara (Roxb.) Loud (N.O. Pinaceae) possessed 
significant antispasmodic activity (1). Detailed stud- 
ies were undertaken, and the present article describes 
the identification of the major spasmolytic constitu- 
ent as the known sesquiterpene himachalol (I) (2, 3) 
and its pharmacological evaluation. 


EXPERIMENTAL 


Extraction and Identification of Himachalol-The alcoholic 
extract of the plant wood (10 kg) was separated into petroleum 
ether-soluble, chloroform-soluble, water-soluble, and water-insolu- 
ble fractions. The petroleum ether-soluble fraction (510 g) showed 
an enhancement of antispasmodic activity, and it was subjected to 
chromatography over alumina (10 kg) in hexane solution. 


The progressive elution of the column by solvents with increas- 
ing polarity and the biological evaluation of the resultant eluates 


’ The plant sample was identified by Dr. B. Gupta and Mr. B. N. Mehrot- 
ra of the Botany Unit, Central Drug Research Institute, Lucknow, India. A 
voucher specimen (No. 27) has been preserved in the institute herbarium. 


led to the isolation of a fraction (65.3 g), which was eluted with 
hexane-benzene (1: 1). This fraction was dissolved in acetonitrile 
(80 ml) and allowed to stand in a deep freeze when a crystalline de- 
posit was obtained. It was filtered and recrystallized as colorless 
rhombuses (23 g), mp 67’. It was found to be homogeneous by 
TLC and GLC and exhibited antispasmodic activity. 


This crystalline substance, C15H260 (M+ 222), was an unsatu- 
rated sesquiterpene alcohol; IR (KBr): 3320,1130, 1025, 1650, and 
862 cm-’; NMR (CDC13): 0.86, 1.0 (3H, each s, two quaternary 
CH3), 1.23 (3H, s, one CH3 attached to a carbon linked to an oxy- 
gen), 1.65 (3H, one vinylic CH3), and 5.55 ( lH,  d, J = 5 Hz, one 
olefinic proton) ppm. On the basis of physical and spectral data, it 
was identified as himachalol(2,3). 


Acute Toxicity-Mice of either sex, 15-25 g, were divided into 
groups of 10 each. They were deprived of food for 16 hr and ad- 
ministered graded doses of himachalol and papaverine orally or in- 
traperitoneally. Himachalol was used as a suspension in gum aca- 
cia, and papaverine hydrochloride was used as an aqueous solu- 
tion. 


The volume of the oral and intraperitoneal injections never ex- 
ceeded 0.2 and 0.1 m1/10 g of body weight, respectively. The mor- 
tality over the next 72 hr was recorded, and the LDm value was 
calculated by the probit analysis method (4). 
In Vitro Spasmolytic Activity-Guinea Pig Ileum -Sections 


of ileum (4-5 cm long) were suspended in an organ bath of 16-ml 
capacity, containing aerated Tyrode solution at 35-36’. Acetylcho- 
line chloride (1 X 10-8g/ml), histamine acid phosphate (2.5 X 
g/ml), serotonin (5 x g/ml), nicotine sulfate (5 x g/ml), 
and barium chloride (2 X g/ml) were used as spasmogens and 
left in contact with the tissue for 15-20 sec. Contractions (1:6 mag- 
nification; 1 g tension) in response to spasmogen alone and in the 
presence of various concentrations of himachalol or papaverine 
were recorded using a frontal writing lever on a smoked drum. 


An alcoholic solution of himachalol was added to the bath 1 min 
before the addition of the spasmogen and was washed out 15-20 
sec later with two changes of bath solution at  a I-min interval. The 
concentration causing 50% reduction of contraction was calculated 
by plotting the log molar concentration and percent inhibition 
curve. Papaverine in an aqueous solution was used as the reference 
standard. The effect of different concentrations of himachalol and 
papaverine on the cumulative dose-response curve of the ileum to 
histamine was also studied using the Van Rossum and Van Den 
Brink (5) technique. 


Rabbit Jejunum-Jejunum pieces (5-6 cm long) were set up as 
described for the guinea pig ileum. The effect of himachalol and 
papaverine was studied on the tone, motility, and barium chloride 
(2 X 


Rat Uterus-Virgin rats, 100-230 g, were given stilbestrol (1 


OH 


g/ml)-induced spasm of the intestine. 


I 
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mg/kg sc) on 2 successive days and sacrificed 18 hr after the second 
injection. One uterine horn was mounted in an organ bath contain- 
ing 16 ml of aerated de Jalon solution at  31’. The contractions 
were recorded with a frontal writing lever as in the case of gut 
preparations. The spasmogen oxytocin2 (0.06 mU/ml) or serotonin 
(2.5 X g/ml) was added every 5 min, and himachalol was 
added 1 min before the spasmogen. 


Guinea Pig Seminal Vesicle -The preparation was set up in ox- 
ygenated Locke solution at  37O as described by Stone and Loew 
(6). Epinephrine (5  X g/ml) was used as the agonist. Hima- 
chalol or papaverine was added to the bath 3 rnin before the addi- 
tion of epinephrine and washed out 3 rnin later with two changes of 
bath solution. The relative potency of himachalol with respect to 
papaverine was calculated from log dose-response curves for the 
two agents. 


Guinea Pig Tracheal Chain -The tracheal chain, containing 
10-14 rings, was set up as described by Castillo and De Beer (7). 
The effect of himachalol or papaverine on the responses of the tis- 
sue to histamine (2.5 X g/ml) and acetylcholine (7.5 X lop6 
g/ml) was tested after contact for 1 min with the tissue. 
In Vivo Spasmolytic Activity-GI Propulsion of Charcoal 


Suspension in Rats-Experiments were performed in rats, 100- 
225 g, fasted for 18-24 hr. A standardized charcoal meal (10% char- 
coal in 2% gum acacia in water) was administered orally to groups 
of five to six rats each. Himachalol or papaverine (20-100 mg/kg) 
was administered orally or intraperitoneally before, after, or along 
with the charcoal meal in a volume maintained a t  1 m1/100 g of 
body weight. Control animals were given normal saline. 


The time for which himachalol or papaverine was allowed to act 
varied from 15 to 60 min, depending on the time of administration 
in relation to the charcoal meal. Animals were sacrificed by decapi- 
tation 30 rnin after the test meal. The small intestine from the py- 
lorus to the cecum was quickly removed, and the total intestinal 
length as well as the length through which the charcoal suspension 
progressed was measured. These measurements were used for cal- 
culating the percentage of the total intestinal length through 
which the charcoal meal traveled. 


Effect on Intestinal Movements in Cats-In the first series of 
experiments, the effect of himachalol on normal intestinal motility 
was studied in anesthetized (pentobarbital sodium, 35 mg/kg iv) 
cats. The right femoral vein, left common carotid artery, and tra- 
chea were routinely cannulated. The abdomen was opened by a 
midline incision. One end of an actively motile loop of the small in- 
testine was attached to Jackson’s enterograph, and the other end 
was connected by a thread to an isotonic frontal writing lever. The 
intestinal movements as well as the carotid blood pressure were re- 
corded on a smoked kymograph. Himachalol or papaverine was ad- 
ministered intravenously in doses ranging from 1 to 10 mg/kg. 


The second series of experiments was performed with 12 cats, 
3-4 kg. The surgery was performed under ether anesthesia, and the 
animal was then immobilized with hayatin methiodide (0.3 mg/kg 
iv) (8). All cut surfaces were infiltrated with 2% procaine to avoid 
pain. Positive pressure artificial ventilation was given through a 
tracheal cannula. A small rubber catheter was introduced through 
the esophagus into the stomach for administration of himachalol 
or papaverine. 


The intestinal movements were recorded as already described. 
The intestine was brought into a state of contraction by injecting 
carbachol (1 X g/kg) through the cannulated femoral vein. 
The inhibitory effect of himachalol or papaverine on the carba- 
chol-induced spasm was measured after intragastric administra- 
tion of 10,30, and 100 mg/kg of himachalol or papaverine. 


Guinea Pig Bronchial Muscle -The method used was based on 
that of Konzett and Rossler (9). Guinea pigs, 400-650 g, were anes- 
thetized with urethan (1.2 g/kg). The trachea and the jugular vein 
were cannulated, and artificial ventilation was given at  the rate of 
72 strokes/min by means of a constant-volume pump delivering 
10-15 ml of air/stroke. The air escaping through the side arm of 
the tracheal cannula operated the float in a manometer (Condon) 
to record its volume on the kymograph. 


Histamine administration (5 pg/kg iv) was spaced at  intervals of 
15 rnin before and after himachalol or papaverine administration 
(1-10 mg/kg). The percent increase or decrease in the height of the 
excursion of the float indicated the intensity of bronchoconstric- 


Table I-Comparison of Spasmolytic Activity of 
Himachalol with Papaverine on Various Isolated 
Smooth Muscle’ Preparations 


ED,, of Relative 
Hima- Potency 
chalol, (Papaver- 


Tissue Species Spasmogen p M  ine = 1) 


Ileum Guinea Acetylcholine 8 . 1  1 . 4 7  
pig Histamine 3 . 8  1.74 


Serotonin 3 . 1  2 .30  
Nicotine 2 . 3  3 .60  
Barium 1.1 4.12  


Jejunum Rabbit  Barium 1 1 . 7  0.38 
Uterus Rat Serotonin 52 .6  0 . 1 2  


Oxytocin 1 4 . 8  0 .32  
Seminal Guinea Epinephrine 1 2 . 6  3 .3  


vesicle pig 


tion or bronchodilatation, respectively. 
Effect on Cardiovascular System-Zsolated Guinea Pig Auri- 


cle-The preparation was set up according to the method de- 
scribed earlier (10). Himachalol was dissolved in 0.05 ml of alcohol 
and added to the bath solution to study its effect on the rate, am- 
plitude, and maximal frequency response to electrical stimulation. 


Blood Pressure and Blood Flow Studies in  Cats -Animals of 
both sexes, 3-4.5 kg, were anesthetized with chloralose (80 mg/kg 
iv) or pentobarbital sodium (35 mg/kg iv) and tracheotomized. The 
right femoral vein was cannulated for injecting drugs. Carotid 
blood pressure was monitored with a pressure transducer?. The 
left femoral artery was exposed, and a flow transducer with a 
lumen of 2-mm diameter attached to electromagnetic blood flow- 
meter4 was placed around the artery. Both arterial blood flow and 
blood pressure were recorded5. 


In some cats, blood pressure and contraction of the nictitating 
membrane elicited by electrical stimulation of the preganglionic 
cervical sympathetic nerve were also recorded on a kymograph. 
Responses to epinephrine, acetylcholine, and histamine were re- 
corded before and after himachalol. 


RESULTS 


Acute Toxicity-The LDs0 value of himachalol (with 95% con- 
fidence limits) in mice by the oral route was 265 mg/kg (182- 
3941, and it was 247 mg/kg (191-323) by the intraperitoneal route. 
The LDm values for papaverine (with 95% confidence limits) were 
129 mg/kg (lll-lu9) and 116 mg/kg (107-126) by the oral and in- 
traperitoneal routes, respectively. 
In Vitro Spasmolytic Activity-Himachalol was dissolved in 


alcohol and added to the bath in a volume of 0.04 ml to make a 
final solvent concentration of 0.25% in the bath. This amount of al- 
cohol alone had no effect on isolated smooth muscle preparations. 
Himachalol, like papaverine, in increasing concentrations (4.5 X 
10-7-2.25 X M) produced a graded antagonism to acetylcho- 
line,, histamine, serotonin, nicotine, and barium in the guinea pig 
ileum preparation. Himachalol was 4.1 times more potent than pa- 
paverine in antagonizing the action of barium and 1.47 times more 
potent than papaverine against acetylcholine. The relative poten- 
cies against other spasmogens were between these extremes (Table 
I). 


In one experiment the EDm concentration of himachalol and 2.5 
X g/ml histamine were added to 20 ml of Tyrode solution and 
allowed to stand for 10 min. When the organ bath containing the 
ileum was filled with this mixture, the contraction was only 50% of 
that obtained with the same concentration of histamine alone. 
Since a prolonged contact failed to increase antagonism by hima- 
chalol, chemical antagonism was considered unlikely. 


In rabbit jejunum preparations, however, himachalol (4.5 X 
10-6-1.35 X M )  was only one-third as active as papaverine in 
antagonizing the spasm induced by barium chloride. Unlike pa- 


Statham P23 DC. 
Biotronex Laboratory model 610. 


5 On a Grass model P-7 polygraph. 2 Syntocinon. 
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Figure I-Cumulative dose-response curve of ileum to hist- 
amine i n  the absence and presence of three concentrations of 
himachalol. 


paverine, it did not have any direct effect on tone and motility of 
the jejunum. Similarly, himachalol had a weaker spasmolytic ac- 
tivity against oxytocin and serotonin in the rat uterus. Himachalol 
(4.5 X 10-64.5 X M), however, strongly inhibited epineph- 
rine-induced spasm of the guinea pig seminal vesicle, and the an- 
tagonism lasted for 6-9 min. 


The relative potencies of himachalol and papaverine, assessed 
by calculating the ED50 values in various isolated smooth muscle 
preparations, are shown in Table I. Himachalol (4.5 X 10-6-1.35 X 


M )  tended to cause contraction of the tracheal chain, whereas 
papaverine in similar concentrations relaxed the tissue. Himachal- 
01 a t  the same time caused a 30-50% reduction in contractions pro- 
duced by acetylcholine and histamine, whereas papaverine com- 
pletely abolished the effect of these spasmogens. 


Cumulative dose-response studies in the guinea pig ileum 
showed that, in lower concentrations, both himachalol and papav- 
erine could shift the curve for histamine to the right and that the 
maximal response to histamine could be obtained by increasing its 
concentration. In the presence of higher concentrations of either, 
however, histamine failed to achieve its maximum height of con- 
traction (Figs. 1 and 2). 


1 
1 1 1 1 1 1 1 1 ~ ~  


-1.0 -0.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
LOG HISTAMINE CONCENTRATION, &/ml 


Figure 2-Cumulative dose-response curve of ileum to hist- 
amine and the curves obtained in  the presence of three concen- 
trations of papaverine. 


Table 11-Effects of Himachalol and  Papaverine on Blood 
Pressure and Intestinal Movements in Cats  
under Pentobarbital Anesthesia 


Fall in  
Blood Average 


Dose, Pressure, Duration Intestinal 
mg/kg m m  H g  of Fall, Relaxa- 


Compound IV f SE min f SE tion, m m  


- 9.5 (2) Himachalol 1 0 (4)" 
3 48 f 7(10) 5 f 0.5 11.7 (4) 
10 65 f S(5) 16 f 6 27.0 (2) 


Papaverine 1 33 f 4(4) 5 f 2 7.0 (2) 
3 50 f 4 (8) 17 f 5 11.5 (4) 
10 81 =t 5(4) 40 f 5 19.15(2) 


a Figures in parentheses indicate number of experiments. 


In Vivo Spasmolytic Activity-Oral administratioii of up to 
100 mg/kg himachalol or papaverine had no significant effect on 
the peristaltic movements in rats. Papaverine, however, signifi- 
cantly inhibited the propulsion of a charcoal meal in rats when 
given intraperitoneally 30 min before the test meal; himachalol 
had no such effect. 


In anesthetized cats the effect of intravenously administered hi- 
machalol and papaverine was compared at doses ranging from 1 to 
10 mg/kg on the normal tone and movements of the intestine. Both 
himachalol and papaverine decreased the tone of the GI muscula- 
ture and, to a smaller extent, the amplitude of rhythmic contrac- 
tions. The relaxation lasted for 1-5 rnin and was generally more 
marked with himachalol (Table 11). 


In conscious immobilized cats, intragastric administration of 10 
mg/kg himachalol or papaverine had no effect. Higher doses (30- 
100 mg/kg) reduced the spontaneous motility as well as the spasm 
induced by carhachol (10 pg/kg). The reduction in both cases was 
proportional to the dose. Himachalol and papaverine were almost 
equiactive in inhibiting spontaneous activity, but papaverine 
caused greater reduction of carbachol-induced spasm (Fig. 3). 


Both himachalol and papaverine seemed to have poor absorp- 
tion from the intestine, since the fall in blood pressure was not evi- 
dent even at a dose of 100 mg/kg by the intragastric route. There 
was an appreciable fall in blood pressure in the same preparation 
when himachalol or papaverine was given intravenously at  a dose 
of 3 mg/kg. 


The duration of the spasmolytic action of himachalol and pa- 
paverine was also compared. In these animals, carbachol injections 
were spaced a t  intervals of 15 min to produce spasm of the intes- 
tine. The reduction in the height of contraction was observed for 2 
hr following a single intragastric administration of himachalol or 
papaverine. The results obtained with 100 mg/kg of both agents 
were plotted in Fig. 4. Himachalol had a faster but somewhat less 
sustained action than papaverine. 


In the Konzett-Rossler preparation, himachalol caused bron- 
choconstriction in guinea pigs in doses of 1-10 mg/kg iv in 0.05 ml 
of ethanol. This amount of ethanol alone had no effect on the 
bronchial musculature. The spasm produced by histamine was not 
blocked by himachalol in a dose of 3 mg/kg. Similar doses of pa- 
paverine caused pronounced relaxation and partially inhibited the 
effect of histamine. 


Both himachalol and papaverine occasionally potentiated the 
response to histamine. Figure 5 illustrates an experiment in which 
himachalol-induced bronchoconstriction remained unaffected by 
prior administration of a dose of pyrilamine maleate (5 mg/kg iv) 
that completely abolished the histamine effect. 


Cardiovascular Effects of Hirnachalol-In anesthetized cats, 
himachalol (1-10 mg/kg iv) caused a dose-dependent fall in blood 
pressure, which slowly returned to its original level in 5-15 min. 
The hypotensive effect was less than that of an equal dose of pa- 
paverine (Table 11). 


There was a partial antagonism to the pressor effect of epineph- 
rine and to the depressor response to histamine and acetylcholine. 
The depressor action of himachalol was not modified by pretreat- 
ment with pyrilamine maleate (5 mg/kg iv) or atropine sulfate (2  
mg/kg iv). 


The respiration and contraction of the nictitating membrane 
elicited by electrical stimulation of the preganglionic sympathetic 
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Figure 4-Effect of himachalol and papaverine (100 rnglkg) 
on carbachol-induced spasm of the intestine in immobilized 
conscious cats. Mean values with standard errors obtained from 
five experiments each have been plotted. Himachalol has a 
faster but less sustained action. 


cate that himachalol, like papaverine, is a noncompetitive antago- 
nist a t  high concentrations and a competitive antagonist at low 
concentrations. Himachalol is more potent than papaverine in 
guinea pig ileal and seminal vesicle preparations, whereas it is less 
effective than papaverine in the rat uterus, rabbit jejunum, and 
guinea pig tracheal chain. The species and organ variations seem 
to account for the decrease in potency in the latter preparations. 


Figure 3-Kymograph tracing showing the effect of carbachol 
(10 eg/kg iv) on intestinal movements of an immobilized cat 
before and after .intragastric administration of himachalol (30 
mgjkg, upper panel; 100 mglkg, middle panel) and papaverine 
(30 mg/kg, lower panel). 


nerve were not affected up to a dose of 10 mg/kg iv. At a dose of 5 
mg/kg, himachalol increased the femoral blood flow by 7.7% while 
lowering the blood pressure by 12%. Papaverine in a similar dose 
produced hypotension (28.5%) and enhanced the flow by 8.7%. The 
records from a typical experiment are shown in Fig. 6. 


Cardiac rate was not affected by himachalol in these animals. 
The rate and amplitude of a spontaneously beating auricle were 
depressed by himachalol a t  concentrations of 4.5 X 10-6-4.5 X 


M. The maximal frequency response was also inhibited by 
9-21%, depending on concentration. Papaverine in equal concen- 
trations depressed the contractility and maximal frequency re- 
sponse to the same extent. 


DISCUSSION 


In gut preparations, there are abundant distinct receptors with 
which different agonists like acetylcholine, histamine, serotonin, 
nicotine, and barium chloride react to elicit a contractile response. 
While histamine seems to act directly on the muscle cells, others 
are known to act both directly through specific receptors and indi- 
rectly through nerve terminals (11-15). 


Since himachalol has been found to inhibit the effect of all of 
the spasmogens, it appears to exert its action in the sequence of 
events following an interaction between the spasmogen and the re- 
ceptor on the muscle cell. Papaverine also shows the same phe- 
nomenon. These observations establish the fact that, like papaver- 
ine, himachalol has nonspecific spasmolytic activity not only on 
the smooth muscle preparations of the gut but also in the guinea 
pig seminal vesicle and rat uterus. 


Cumulative dose-response studies (Figs. 1 and 2) seem to indi- 


Figure 5-Kymograph record of the effect of histamine and 
himachalol on the bronchial resistance in anesthetized guinea 
pigs. The Left-hand panel shows bronchoconstriction caused by 
histamine (H, 5 pg/kg) and himachalol (Hi, 3 mglkg). The 
right-hand panel shows antagonism of histamine (H) by pre- 
treatment with pyrilamine maleate (5 mg/kg iu) and no effect 
on himachalol (Hi)-induced constriction. 
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Figure 6-Polygraph records showing, from below upward, 
the effects of himachalol and papaverine on blood pressure, 
mean femoral blood flow, and pulsatile femoral blood flow in an 
anesthetized cat. Key: A, control response to 0.25 ml of alcohol 
alone 30 see after intravenous injection; H ,  hypotension and  
increase in the mean and  pulsatile femoral blood flow 30 sec after 
intravenous injection of 5 mglkg of himachalol dissolved in 
0.25 ml of alcohol; and  P, marked hypotension and  increase in 
the mean and  pulsatile femoral blood flow following injection 
of papaverine (2 mg/kg iv). 


There is a qualitative difference in the effect of the two com- 
pounds on guinea pig bronchial muscle. Himachalol causes con- 
striction of bronchial muscle and papaverine causes relaxation. 
The constriction caused by himachalol cannot be blocked by pyri- 
lamine, an antihistaminic agent, and, therefore, it seems unlikely 
that the constriction is due to release of histamine (Fig. 5). I t  is 
also unlikely that pulmonary congestion caused by himachalol 
would bring about bronchoconstriction by diminishing air inflow 
through bronchial tubes since papaverine causes greater vasodila- 
tion but does not cause any increase in bronchial resistance. Bron- 
choconstriction probably is the result of a directly stimulating ac- 
tion of himachalol in some unknown way. 


Himachalol, like papaverine, produces systemic hypotension 
and peripheral vasodilation. The hypotensive effect is not mediat- 
ed by cholinergic or histaminic receptor sites since the hypotension 
remains unaffected following pretreatment with atropine and pyri- 
lamine. A stimulation of 8-adrenergic receptors by himachalol can 
also be ruled out due to the absence of any tachycardia or relaxant 
effect on the bronchial musculature. The hypotension is unlikely 
to be due to a cardiac effect either, since there is no significant ef- 
fect on heart rate in intact animals and only a mild inhibitory ef- 
fect on the isolated auricle. The hypotension, therefore, appears to 
result mainly from a decrease in the peripheral resistance due to 


Possible Antineoplastic Agents I 


A. U. DEX and D. PAL 


Abstract 0 A few thalidomide and glutarimide derivatives were 
synthesized. Several compounds possessed significant antineoplas- 
tic activity against Ehrlich ascites carcinoma in Swiss albino mice. 


Keyphrases 0 Thalidomide derivatives-6-alkyl-2-[3’- or 4’-ni- 
trophthalimido]glutarimides synthesized and screened as possible 
antineoplastic agents 0 Glutarimide derivatives-6-alkyl-3- 
phenylglutarimides synthesized and screened as possible antineo- 
plastic agents 0 Antineoplastic agents, potential-synthesis and 
screening of thalidomide and glutarimide derivatives 


The teratogenic effect of thalidomide (2-phthali- 
midoglutarimide, I) has been well established in hu- 
mans and animals (1). To account for this manifesta- 


vasodilation caused by a direct relaxant action on the vascular 
smooth muscle. 
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tion, Faigle et al. (2) isolated a number of suspected 
metabolites of thalidomide and showed them to be 
derived from D-glutamic acid, an unnatural amino 
acid, in place of L-glutamic acid, the natural amino 
acid. They also pointed out the similarity between 
N -  (0- carbobenzoxy1)glutamic acid, a metabolite of 
thalidomide, and folic acid. All of these observations 
led them to conclude that the metabolites of thalido- 
mide might act as vitamin antagonists or antimetabo- 
lites. Since then, a number of claims and counter- 
claims on the antiglutamine, antifolic, and antivitam- 
in activities of thalidomide have been made, the ob- 
jective being to utilize thalidomide as a possible an- 
tineoplastic agent. 
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After the initial 72 hr of treatment, all unmedicated control 
areas continued to demonstrate the presence of Pseudomonas. Of 
the 15 burns treated with silver sulfadiazine dry foam, one re- 
mained infected with the test bacteria. In contrast, seven of the 15 
burns remained positive for Pseudornonas after treatment with 
the corresponding medicated ointment. Chi-square computations 
demonstrated the significance of these data ( p  < 0.05 > 0.01). 
However, a t  the conclusion of the in uiuo crossover study, four 
burns treated with the .medicated dry foam remained infected 
while five of the areas treated with the medicated ointment re- 
mained infected ( p  = 0.1). 


In assessing the results of the initial in uiuo study with those of 
the subsequent crossover study, several factors must be consid- 
ered. The 72-hr delay in instituting therapy in the crossover study 
may have led to an infected environment not readily affected by 
rates of release from the dosage form. The proliferation of the test 
bacteria during this initial 72 hr probably resulted in widespread 
subeschar colonization. This movement of the bacteria into tissues 
below the burn produced a medium for growth not easily treated 
with topical agents. 


In clinical use, both local and systemic therapy would be indi- 
cated to combat the advancing bacteria successfully. Furthermore, 
surgical excision of the devitalized eschar would be performed as 


an aid in the elimination of the infecting organism. The presence 
of eschar provides an excellent medium for bacterial growth and 
also provides a barrier between the applied drug product and the 
subeschar colonies, possibly preventing therapeutic contact and ef- 
fect. Moreover, the protein binding characteristics of silver ion and 
the sulfonamide may prevent deep percutaneous absorption (3). 
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Growth of Calcium Oxalate in Gel Systems 


S. BISAILLON and R. TAWASHIx 


Abstract Methods are described for growing calcium oxalate in 
silica and gelatin gels under different conditions. The results ob- 
tained indicate that, in silica gel, calcium oxalate grows into single 
individual crystals, twin;, and rosettes. Bipyramidal calcium oxa- 
late dihydrate crystals similar to those present in the urine of 
stone formers were prepared in the silica gel system. The gelatin 
gel offered a suitably structured substrate on which calcium oxa- 
late monohydrate crystals grow into aggregates. The orientation 
pattern of calcium oxalate crystals suggests that  the growth pro- 
cess is controlled by the stereospecificity of the gelatin medium 
supporting growth. 


Keyphrases Calcium oxalate-growth of crystals in silica and 
gelatin gels, relevance to stone formation Crystal growth-calci- 
um oxalate in silica and gelatin gel systems, types of growth Sil- 
ica-substrate for growing calcium oxalate crystals Gelatin- 
substrate for growing calcium oxalate crystals 


Recent reports on the growth of calcium oxalate in 
uitro, either by precipitation from solution or from 
urine, generated valuable information on growth ki- 
netics and the factors controlling crystal growth (1, 
2). Attempts to grow crystal aggregates, similar to 
natural concretion, have so far met with little success 
(3, 4). This report describes a method for growing 
single crystals and artificial concretions of calcium 
oxalate. It is believed that this in uitro experimental 
model could be of fundamental significance in under- 
standing the complex mechanisms of stone forma- 
tion. 


Studies on the crystallization of poorly soluble 
salts are often slowed down by the lack of methods 
for growing single crystals that permit close observa- 


1.7 cm. 


\ 
16.5 cm 


Oxalic acid 
solution 


Calcium chloride 
solution 


gel medium 


Figure I-Dimensions of the U-shaped tubes selected for the 
gel growth studies. 


tions and understanding of the growth process and 
the factors controlling such phenomena. Interest in 
the gel medium for crystal growth has been greatly 
stimulated by the work of Henisch (5). Single crystals 
of calcium tartrate, tungstate, carbonate, and sulfate 
were grown using silica gel as the growth medium 
(6-10). This technique offered new opportunities for 
the production of useful single crystals and presented 
new observations in mechanism studies. 


The growing pattern of crystals is dependent on 
the structure of the gel and the nature of the addi- 
tives present in the gel medium. For very poorly solu- 
ble salts, the growth rate is essentially a diffusion 
process and the chemical reaction is not the rate-de- 
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Figure 2-Calcium oxalate crystals grown in silica gel. 
Key: A, calcium oxalate momhydrate (whewellite) grown as 
rosettes ( X  125); B, calcium oxalate monohydrate flat plate- 
like crystals ( X 500) grown using sodium oxatate as the source 
of oxalic ion instead of oxalic acid; C, twin production of 
whewellite ( X 500)-the incidence of this growth imperfection 
was higher when 60 ppm of magnesium was incorporated in 
the gel; a n d  D, bipyramidal calcium oxalate dihydrate (wed- 
delite) ( X500) obtained when 100 p p m  of pyrophosphate was 
added to the medium. 


termining step (5). The gel acts as a support for the 
crystal and leads to its growth without exerting major 
forces upon it. The structure of the gel controls the 
whole process of diffusion and growth rate. The gel 
composition can play a role in orientation and build 
up of the crystalline material. Moreover, the presence 
of additives (any foreign substance other than the 
reacting species) can completely modify the crystal 
morphology. 


In this study, calcium oxalate was selected because 
it represents the nucleus of two-thirds of the stones 
formed in the urinary tract (11) and the field of calci- 
um oxalate crystallization is less well documented 
than is the crystallization of other calcium salts. 
From the foregoing, it is seen that the growing pat- 
tern (habit, size, quantity, and aggregation) is depen- 
dent on the structure of the gel and on the nature of 
the additives present in the gel medium. 


EXPERIMENTAL 


Two types of gels were studied: silica and gelatin. Silica was cho- 
sen because of its high inertia, and gelatin was studied because of 
its protein content and its structural analogy with collagen. The 
concentration chosen in each case to produce the gel was a com- 


Figure 3-Calcium oxalate crystals grown in gelatin gel. 
Key: A, calcium oxalate concretion (X500); and B, surface 
profile of the calcium oxalate crystullites in  the concretions 
( X 500). 


promise between the facts that a low concentration of gel will be 
too weak, allowing the ions to diffuse too rapidly and thus leading 
to numerous nuclei, and that a high concentration of gel will give 
poor crystals due to the very small pore size, thus interfering with 
the freely growing crystals. 


In the case of the silica gel medium, a 10% solution of sodium 
metasilicate (reagent grade) was acidified to pH 6.2 with 3 M ace- 
tic acid. The solution was immediately poured into U-shaped tubes 
(Fig. 1) and stored in the dark for 24 hr to allow gelling. When ad- 
ditives were used to modify growth, they were incorporated in the 
gel medium before setting. 


In the case of the gelatin (purified calfskin gelatin'), 55 g was 
dissolved in 1 liter of double-distilled water by gentle heating for 1 
hr a t  50". The solution was partially cooled, and the pH was ad- 
justed to 6.2 with tromethamine. To prevent mold growth during 
the incubation time, 1 ml of formaldehyde (37%) was added. Slow 
diffusion of the reacting ions was achieved by carefully placing 10 
ml of 0.5 M calcium chloride on the gel surface on one side of the 
U-tube and 10 ml of 0.5 M oxalic acid on the gel surface on the 
other side. 


The silica gel tubes were incubated at  37" and the gelatin tubes 
were incubated at 25" (to avoid liquefaction of the gel). After 6 
days the calcium oxalate crystals were harvested and examined in 
polarized light under the microscope and by IR spectroscopy. The 
results were reproducible under each tested condition. 


RESULTS AND DISCUSSION 


Figure 2 shows calcium oxalate crystals grown in silica gel. In 
these experiments, when small concentrations (10 ppm) of magne- 
sium, pyrophosphate, chlorophyll, and methylene blue were in- 
cluded as additives in silica gels, they slowed down the growth of 
calcium oxalate. On the other hand, the presence of pyrophosphate 
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(100 ppm) favored the formation of the more energetic calcium ox- 
alate dihydrate, apparently by lowering the energy needed for the 
formation of this form. It was found that calcium oxalate dihy- 
drate formed in the presence of pyrophosphate is identical to the 
bipyramidal octahedral calcium oxalate dihydrate crystals ob- 
tained from the urine of chronic stone formers (12). The results 
obtained in silica gel are important for two reasons: 


1. They emphasize the importance of environmental conditions 
on crystal morphology and growth rate of calcium oxalate crystals. 


2. They show that i t  is possible to  grow a single crystal of calci- 
um oxalate dihydrate identical to those encountered in uiuo. 


In the gelatin gel system described, calcium oxalate grew in a 
completely different manner. Figure 3 shows the concretion found 
in the gelatin gel after 6 days and a surface profile illustrating the 
organization and orientation of the calcium oxalate crystallites in 
these aggregates. In this system (unlike silica gel), gelatin offered a 
suitably structured substrate on which calcium oxalate crystals nu- 
cleated and developed such an oriented pattern. The presence or 
absence of pyrophosphate or magnesium ions in the gel did not in- 
fluence either the pattern of growth or the proportion of the calci- 
um oxalate aggregates formed. This growth phenomenon indicates 
that the gelatin matrix and its protein moiety were capable of con- 
trolling the nucleation, growth, and orientation of calcium oxalate 
crystals. 


Like silica gel, gelatin gel provided a favorable growth support- 
ing medium on which the slowly diffusing calcium and oxalate ions 
nucleated; but by virtue of the stereospecificity of its nucleating 
sites, calcium oxalate crystals developed in the gelatin into such a 
degree of organization. The obtained results add experimental evi- 
dence for the important role of protein-structured substrate in dic- 
tating growth and specific orientation in the formation of calcium 
oxalate concretions. They also support Gebhardt’s (13) assumption 
that epitaxial nucleation of stone components on suitably struc- 


tured substrate (e.g., collagen fibers) is the primary factor in stone 
formation. 
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Synthesis of 
(4-Quinolinoamino) aminoalkyltetrahydronaphthalene 
Derivatives for Possible Antimalarial Activity 


I. NABIH”, S. ISMAIL, and M. NASR 


Abstract 0 (4-Quinolinoamino)aminoalkyltetrahydronaphtha- 
lene derivatives were synthesized in an attempt to introduce new 
agents with antimalarial activity. 


Keyphrases (4-Quinolinoamino)aminoalkyltetrahydronaph- 
thalene derivatives-synthesized and screened for antimalarial ac- 
tivity 0 4-Aminoquinoline compounds-synthesized and screened 
for antimalarial activity 0 Antimalarial activity-(4-quinolinoami- 
no)aminoalkyltetrahydronaphthalene derivatives 


Compounds of the 4-aminoquinoline type still play 
a major role in the treatment of malaria. The devel- 
opment of resistance by some strains to most of the 
present antimalarials gave the initiative for several 
trials of new chemotherapeutic agents that may over- 
come this problem. In tropical countries where ma- 
laria eradication activities are still lacking, the provi- 
sion of effective chemoprophylaxis and treatment 
represents a major problem. 


DISCUSSION 


In previous articles (1, 2), the synthesis and biological activity of 
a new compound 4-(7-chloro-4-quinolylamino)-2-diethylami- 
nomethyl-5,6,7,8-tetrahydro-l-naphthol (I) were described. 
Structurally, the compound is related to 4-aminoquinoline and 
bears a substituted tetrahydronaphthalene (tetralin) system as a 
side chain. The rationale for including the tetralin system is that it 
may undergo metabolic transformation to a naphthoquinone type 
of structure. 


Derivatives of this type have shown considerable antimalarial 
activity. They appear to  act by inhibiting the respiration of plas- 
modia (3). New compounds that would structurally include both 
the nitrogen heterocycle and a naphthoquinone structure might be 
useful as antimalarials, since the resistance of the parasite to one 
should not imply resistance to the other because both act through 
different mechanisms. 


Biological studies based on the response to the product by Plas- 
modium berghei in mice revealed that oral doses of I at  5-100 
mg/kg are curative. In addition, the agent proved to give complete 
protection against later exposure to massive infection by the para- 
site through subcutaneous application (2), thus providing effective 
chemoprophylaxis beside chemotherapeutic activity. 
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ESTROGENIC PLANTS AND T H E I R  ACTIVE 
PRINCIPLES 


Historically, a number of plants have been used as sex hormones 
in native medicine. The pomegranate, Punica granaturn (Punica- 
ceae), was a symbol of immortality, fertility, and love in Oriental 
religions, and its legendary powers date back to Greek and Judeo- 
Christian mythology (921). In Egypt, the pollen grains of the date 
palm, Phoenix dactylifera var. sarnani (Palmae), were used to  in- 
duce fertility in women; while moghat, Clossosternon brugieri 
(Sterculiaceae), is used as a postpartum hot beverage (922). 


*Editor’s note: Part I of this article appeared in the April 1975 issue of 
the Journal of Pharmaceutical Sciences. 


Phytochemical interest in plant estrogens, however, remained 
relatively dormant until the 1950’s. The increased interest in phy- 
toestrogens was, according to Biggers (923), due to at  least four 
factors: 


1. The recognition that infertility in animals and humans could 
follow excessive ingestion of plants rich in compounds possessing 
estrogenic activity. 


2. The known existence of “spring flush” (increased yield of im- 
proved milk) in dairy cattle ingesting certain rapidly growing 
grasses that contained estrogenic substances. 


3. The possibility that the demonstrated improvement in car- 
cass quality, produced by the feeding of synthetic estrogens, might 
also be able to be produced by the feeding of plants rich in estro- 
gens. 


4. The possibility of obtaining estrogenic substances economi- 
cally from plant sources. 


The occurrence of substances in plants capable of inducing ani- 
mal estrus was first demonstrated by Dohrn et 01. (924) in 1926. 
The first isolation of an estrogen from plants was reported by Bu- 
tenandt and Jacobi (925) in 1933, when they succeeded in isolating 
18 mg of estrone from 50 kg of a botanically unspecified palm ker- 
nel press cake. In the same year, Skarzynski (926) reported on the 
isolation of 7.5 mg of estriol from 65 kg of female willow catkins. 
Thirty years elapsed before any concerted efforts were made in the 
phytochemical investigation of these compounds. Jacobsohn et al. 
(927), in 1965, raised the question as to the validity of claims for 
the presence of estrogens in plants when they failed to isolate es- 
trone from any of four geographic varieties of the African oil palm, 
Elaeis guineensis (Palmae). E. guineensis may or may not have 
been the plant investigated by Butenandt and Jacobi (925), al- 
though by deductive reasoning Bradbury and White (928) thought 
that  it certainly must have been. 


The question of the presence of estrogenic hormones in plants 
raised by Jacobsohn et al. (927) has been answered by work since 
1965. The date palm, P. dactylifera var. khadrawy (Palmae), waa 
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Table VI-Occurrence of Steroid Estrogens in Plants 
~~ 


Plant Name Steroid Estrogen Reference 


Chenopodiaceae 
Beta vulgaris /j-Sitosterola (CXLII) 1035-1037 


Gramineae 
Avena satiua 
Oryza sativa 
Triticum aestivum 


Glycyrrhiza glabra 


Phaseolus uulgaris 


Leguminosae 


Palmae 
Elaeis guineensis 
Hyphaene thebaica 
Phoenix dactylifera 
Phoenix dactylifera var. samani 


Punica granatum var. nana 


Malus syluestris 


Salix caprea 


Punicaceae 


Rosaceae 


Salicaceae 


Sterculiaceae 


Estrone (CLVIII) 
Estrone 
Estrone 


6-Sitosterol 
Estriol (CLVII) 
Estrone 
Estriol 
17n-Estradiol (CLV) 


Estrone 
Estrone 
Estrone 
Estrone 


Estrone 


Estrone 


Estrone 


1038 
1038 
1038 


1035-1037 
1039 
1040 
1040 
1040 


925 
1041 
929, 1042-1045 
922 


1046, 1047 


1048 


926 


Clossostemon bruguirri Estrone 922 


#-Sitosterol IS a ubiquitous substance in plants. and no attempt has been made to document those plants in which it has been reported present. The plants indicated apparently contain 
a high enough percentage so that extracts exhibit estrogenic activity. 


R2 


R2 R, ~ - 


CLV: 17a-estradiol H ---OH 
CLVI: l7p-estradiol H -OH 


CLVII: estriol ---OH -OH 


Structures of Estrogenic Sterols 
CLVIII: estrone H =O 


demonstrated to contain estrone (CLVIII) by TLC; subsequently, 
the compound was isolated (929). A number of estrogenic sterols 
have since been reported as being derived from higher plants. A 


Table VII-Plants Containing Isoflavonoids 


list of these compounds and their plant sources is presented in 
Table VI. A review of steroid estrogens in plants is available (921). 


Biological and chemical interest in nonsteroidal estrogenic sub- 
stances was spurred by the work of Bennetts and his coworkers 
(930, 931), who reported in 1946 that the serious decline in lamb- 
ing rates in Australia was due to their grazing on the Dwalganup 
strain of subterranean clover (Trifoliurn subterraneum), and the 
subsequent isolation of the isoflavone, genistein (CXCIII), from 
this plant (932). This compound was later demonstrated to be es- 
trogenic (933). Since then, other isoflavones having estrogenic ac- 
tivity have been found in various forage plants and studies of envi- 
ronmental factors on the isoflavonoid content of these plants have 
been made (934-958). A large reduction in sperm numbers was ob- 
served on prolonged grazing of sheep on clover pasture (959); it is 
not known if this activity is also due to the estrogenicity of clover 
pastures. A list of estrogenic and potential estrogenic isoflavones 
and their sources is presented in Table VII. 


In addition to the steroids and isoflavones, another group of 
chemical compounds found in forage plants that  have estrogenic 
activity are the coumestans, having the skeletal structure of 6H- 
benzofuran(3,2-c)benzopyran-6-one. The best known compound in 


~ ~~ ~~ 


Plant Name 


Amaranthaceae 


Gramineae 
Iresine celosioides 


Bromus mollis 
Cynodon dactylon 


Hyparrhena filipendula 


Setaria ciliolata 


Triticum aestivurn 
Iridaceae 


Belamcanda chinensis 
Iris sp . 


Iris florentina 


Isoflavonoid Reference 


Tlatlancuayin (CCXLVIII) 


Genistein (CXCIII) 
Daidzein (CLIX) 
Genistein 
Daidzein 
Genistein 
Daidzein 
Genistein 
Genistein 


1049 


1050 
1051 
1051 
1051 
1051 
1051 
1051 
1050 


Tectorigenin 7-0-glucoside (CCXXVI) 1052, 1053 


Tectorigenin 7-0-glucoside 1064 
Irigenin (CCXXXIX) 1054 
Irigenin 7-0-glucoside (CCXL) 1055, 1056 
Irilone 4’-O-glucoside (CCXXVIII) 1057 
Irisflorentin (CCXLIX) 1054 
Irisolone (CCXXX) 1054 
Irisolone 4’-O-bioside (CCXXIX) 1057 


Irigenin 7-0-glucoside 1064 
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Table VII-(Continued) 


Plant Name lsoflavonoid Reference 


Iris germanica 


Iris nepalensis 


Iris pallida 
Iris tectorum 


Leguminosae 
Adenocarpus complicatus 
Adenocarpus foliolosus 


Afrormosa elata 
A mphimas pterocarpioides 
Andira parozflora 


Astragalus austriacus 
Baphia nitida 
Baptisia arachnifera 


Baptisia australis 


Baptisia bracteata 


Bap tisia calycosa 


Baptisia cinerea 


Baptisia hirsuta 


Iristectorigenin B (CCXXXVI) 
Homotectoridin (CCXVII) 
Irigenin 7-0-glucoside 
Irilone (CCXXVII) 
Tectorigenin 7-0-glucoside 
Irisolidone (CCXXXV) 
Irisolone 
Irigenin 7-0-glucoside 
Irigenin 7-0-glucoside 
Tectorigenin 7-0-glucoside 


Genistein 7-0-glucoside (CXCV) 
Daidzein 
Genistein 
5-0-Methylgenistein (CCII) 
Afrormosin (CXC) 
Afrormosin 
Biochanin A 
5,7-Dihydroxy-4’-methoxyisoflavone 
(CCLXXXI) 
Biochanin A 7-0-ducoside (CCIV) 
Santal (CCXIII) - 
Afrormosin 
Afrormosin 7-0-glucoside (CXCI) 
Calycosin (CLXXW) 
Calycosin 7-0-glucoside (CLXXVIII) 
D a i d z e i n 
Daidzein 7-0-glucoside (CLX) 
Formononetin 
Formononetin 7-0-glucoside (CLXIV) 
Formononetin 7-0-rhamnoglucoside 
(CLXV) 
kfrormosin 
Afrormosin 7-0-glucoside 
Daidzein 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Orobol (CCX) 
Pseudobaptigenin (CLXXX) 
Texasin (CLXXXVIII) 
Texasin 7-0-glucoside (CLXXXIX) 
Afrormosin 
Afrormosin 7-0-glucoside 
Calycosin 
Calycosin 7-0-glucoside 
Daidzein 
Daidzein 7-0-elucoside 
Formononetin- 
Formononetin 7-0-glucoside 
Biochanin A 
Biochanin A 7-0-rhamnoglucoside 
(CCV) 
Calycosin 
Daidzein 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Genistein 7-0-rhamnoglucoside 
(CXCVm) 
Orobol 
Orobol7-0-rhamnoglucoside (CCXII) 
Afrormosin 
Afrormosin 7-0-glucoside 
Calycosin 7-0-glucoside 
Daidzein 
Daidzein 7-0-glucoside 
Formononetin 
Formononet in 7 - 0- glucoside 
Genistein 
Genistein 7-0-glucoside 
Orobol 
Orobol7-0-glucoside (CCXI) 
Biochanin A 
Biochanin A 7-0-rhamnoglucoside 
Genistein 
Genistein 7-0-rhamnoglucoside 
6-Hydroxygenistein (CCXXIII) 


1054 
1058 
1056 
1059 
1058 
1060 
1061 
1056 
1062 
1062-1064 


1065 
1066 
1066 
1066 
1067 
1068 
1069 
1069 


1070 
1071, 1072 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 


1073-1075 
1073-1075 


1073-1075 
1073-1075 


1073,1074 


1074 
1074 
1074 
1073, 1076 
1073, 1074 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 


1073 
1073 
1073 
1073 
1073 
1073 


1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073, 1077 


(continued) 
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Table VII-( Continued) 


Plant Name 


Baptisia lanceolata 


Baptisia lecontei 


Baptisia leucantha 


Baptisia leucophaea 


Bapt isia m egacarpa 


Baptisia nuttalliana 


Baptisia perjoliata 


lsotlavonoid 


6-Hydroxygenistein 7-0-rhamno- 
glucoside (CCXXIV) 
Orobol 
Orobol7-0-rhamnoglucoside 
Pseudobaptigenin 
Pseudobaptigenin 7-0-rhamno- 
glucoside (CLXXXII) 
Afrormosin 
Afrormosin 7-0-glucoside 
Calycosin 
Calycosin 7-0-glucoside 
Daidzein 
Daidzein 7-0-alucoside 


I 


Genistein 
Afrormosin 
Afrormosin 7-0-glucoside 
Calycosin 
Calycosin 7-0-glucoside 
Calycosin 7 - 0- rhamnoglucoside 
(CLXXIX) 
Daidzein 
Daidzein 7-0-glucoside 
Daidzein 7-0-rhamnoglucoside 
(CLXI) 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Genistein 7-0-glucoside 
Genistein 7-0-rhamnoglucoside 
Genistein 7-0-rutinoside (CXCIX) 
Orobol 
Orobol7-0-rhamnoglucoside 
Pseudobaptigenin 
Orobol 
Orobol7-0-glucoside 
Orobol7-0-rhamnoglucoside 
Afrormosin 
Afrormosin 7-0-glucoside 
Calycosin 
Calycosin 7-0-glucoside 
Daidzein 
Daidzein 7-0-glucoside 
Genistein 
Genistein 7-0-glucoside 
Orobol 
Orobol7 - 0-glucoside 
Afrormosin 
Afrormosin 7-0-glucoside 
Afrormosin 7 - 0 - rhamnogl ucoside 
(CXCII) 
Calycosin 
Calycosin 7-0-glucoside 
Calycosin 7-0-rhamnoglucoside 
Daidzein 
Daidzein 7-0-glucoside 
Daidzein 7-0-rhamnoglucoside 
Formononetin 
Formononetin 7-0-glucoside 
Formononetin 7-0-rhamnoglucoside 
Genistein 
Genistein 7-0-glucoside 
Orobol 
Afrormosin 
Afrormosin 7-0-glucoside 
Calycosin 
Daidzein 
Formononetin 
Formononetin 7-O-glucoside 
Genistein 
Genistein 7-0-glucoside 
Oroboi 
Orobol7-O-glucoside 
Tectorigenin (CCXXV) 
Tectorigenin 7-0-elucoside 
Afrormosin 
Calycosin 
Daidzein 
Daidzein 7-0-glucoside 
Formononet in 
Formononetin 7-0-glucoside 


Reference 


1073, 1077 


1073 
1073 
1073 
1073 


1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073,1077 
1073, 1077, 1078 
1073, 1077, 1078 


1073, 1078 
1073, 1078 
1073, 1078 


1073, 1078 
1073 
1073, 1078 
1073 
1073, 1078 
1078 
1073, 1078 
1073, 1078 
1073, 1078 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 


1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
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Table VII-(Continued) 


Plant Name lsotlavonoid Reference 


Baptisia simplicifolia 


Baptisia sphaerocarpa 


Baptisia tinctoria 


Ca ly co tom e sp inosa 


Calycotome villosa 


Castanospermurn austrule 


Chamaecytisus albus 
Chamaecytisus smyrnaeus 


Chamaespartium sagittale 


Chronanthus biflorus 


Cicer arietinurn 


Cladrastis luteus 


Cladrastis platycarpa 


Cordyla africana 


Cytisus battandieri 


Cytisus cornmutatus 


Cytisus eriocarpus 
C-vtisus laburnum 


Cytisus proliferus 


Orobol 
Orobol7-0-rhamnoglucoside 
Afrormosin 
Afrormosin 7-0-glucoside 
Afrormosin 7-0-rhamnoglucoside 
Calycosin 
Calycosin 7-0-glucoside 
Calycosin 7-0-rhamnoglucoside 
Daidzein 
Daidzein 7-0-glucoside 
Daidzein 7-0-rhamnoalucoside - 
Formononetin 
Formononetin 7-0-glucoside 
Formononetin 7-0-rhamnoglucoside 
Biochanin A 
Biochanin A 7-0-rhamnoglucoside 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 7-0-rhamnoglucoside 
Genistein 7-0-rutinoside 
Orobol7-0-rhamnoglucoside 
Afrormosin 
Afrormosin 7-0-glucoside 
Biochanin A 
Biochanin A 7-0-rhamnoglucoside 
Genistein 
Genistein 7-0-rhamnoglucoside 
Orobol 
Orobol7-0-rhamno~lucoside 
PseudobaDtieenin 
Pseudobaptigenin 7-0-glucoside 
(CLXXXI) 
Pseudobaptigenin 7-0-rhamno- 


~~ 


glucoside 
Tectorigenin 
Genistein 
5-0-Methylgenistein 
Genistein 
5-0-Methylgenistein 
Afrormosin 
Formononetin 
Genistein 
Genistein 
Daidzein 
Daidzein 
Genis tein 
5-0-Methylgenistein 
Genistein 
5-0-Methylgenistein 
Biochanin A 
Biochanin A 7-0-glucoside 
Daidzein 
Formononetin 


Homoferreirin (CCLXXXIV) 
Pratensein (CCXIV) 
Afrormosin 
Cladrastin (CCXVIII) 
Cladrin (CLXXXIII) 
Formononetin 
Fujikinetin (CCXX) 
Fuiikinin (CCXXI) 
6,~-Dimethoxy-3’,4’-methylenedioxy- 
isoflavone (CCXXII) 
6,7,2’,4’,5’-Pentamethoxyisoflavone 
(CCXLVII) 
6,7,3’,4’-Tetramethoxyisoflavone 
(CCXIX) 
6,7,3’-Trimethoxy-4’,5’-methylene- 
dioxyisoflavone (CCXLVI) 
Milldurone (CCXLIV) 
Daidzein 
Genistein 
Daidzein 
Genistein 
Genistein 
Genistein 
5-0-Methylgenistein 
Daidzein 


1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1073 
1079-1081 


1073 


1073 
1066 
1066 
1066 
1066 
1082 
1082 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1083-1094 
1095 
1091 
1083, 1085, 1088, 1092- 
1094, 1096-1099 
1099 
1100 
1101 
1101 
1101 
1101 
1102, 1103 
1103 
1104 


1104 


1104 


1104 


1104 
1066 
1066 
1066 
1066 
1066 
1105 
1105, 1106 
1066 
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Table VII-(Continued)  


Plant Name lsoflavonoid Reference 


C-vtisus purgans 


Cytisus scoparius 
C-vtisus welwitschii 


Dalbergia barrentoana 


Dalbergia ecastophyllum 


Dalbergia lanceolaria 


Dalbergia nigra 
Dalbergia paniculata 


Dalbergia retusa 


Dalbergia riparia 


Dalbergia sisso 


Dalbergia oillosa 
Dalbergia oiolacea 


Derris malaccensis 
Derris robusta 


Derris scandens 


Erinacea anthyllis 


Ferreirea spectabilis 


Genista acanthoclada 


Genista aetnensis 


Genista albida 


Genista anglica 


Genista arsitata 
Genista baetica 
Genista capitellata 
Genista carpetana 
Genista cinerea 
Genista Corsica, 
Genista cupanzr 


Genista folcata 
Genista florida 
Genista hirsuta 
Genista hispanica 


Formononet in 
Genistein 
Daidzein 
Genistein 
Genistein 
Daidzein 
Genistein 
Caviunin 
Formononetin 
Daidzein 
Formononetin 
Biochanin A 7-0-apiosylglucoside 
(CCVII) 
\ - - --, 
Pseudobaptigenin 
Caviunin (CCXXXVII) 
Biochanin A 
Caviunin 
Dalpatein (CCXLII) 
Dalpatin (CCXLIII) 
Formononetin 
Paniculatin (CCLXXIII) 
Retusine (CLXX) 
8-0-Methylretusine (CLXXI) 
Afrormosin 
Caviunin 
Caviunin 7-0-glucoside (CCXXXVIII) 
Fujikinetin 
Tectorigenin 
Tectorigenin 7-0-glucoside 
Biochanin A 
Biochanin A 7-0-glucoside 
7,4’-Dimethyltectorigenin (CCXXXIV) 
7-0-Methyltectorigenin (CCXXXI) 
7-0-Methyltectorigenin 4’-0- 
rhamnoglucoside (CCXXXII) 
Tectorigenin 
Caviunin 
Di-0-methyldaidzein (CLXVIII) 
Violanone (CCLXXXV) 
Toxicarolisoflavone (CCLXV) 
Derrubone (CCLII) 
Derrustone ’( CC XVI) 
Robustone (CCLVIII) 
Robustone methyl ether (CCLIX) 
Chandalone (CCLXXII) 
Osajin (CCLXX) 
5-0-Methvlosaiin (CCLXXI) 
Scandenok (C’CLX) 
Scandinone (CCLXVIII) 
Daidzein 
Genistein 
5-0-Methylgenistein 
Biochanin A 
Ferreirin (CCLXXXIII) 
Homoferreirin 
Daidzein 
Genistein 
Daidzein 
Formononetin 
Genistein 
5-0-Methylgenistein 
Daidzein 
Genistein 
Daidzein 
Genistein 
Daidzein 
Daidzein 
Daidzein 
Daidzein 
Daidzein 
D a i d z e i n 
D a i d z e i n 
Genistein 
5-0-Methylgenistein 
Daidzein 
Daidzein 
Daidzein 
Daidzein 
Genistein 
5-0-Methylgenistein 


1066 
1066 
1066 
1066 
1066 
1066 
1066 
1107 
1107 
1108,1109 
1108,1110 
1111 


1112 
1113 
1114 
1115 
1115 
1116 
1114 
1114 
1117 
1117 
1118 
1118 
1118 
1118 
1118 
1118 
1119 
1120 
1121 
1119 
1122 


1119 
1107 
1123 
1124 
1125, 1126 
1127 
1127 
1127 
1127 
1128 
1129 
1129 
1128, 1129 
1129 
1066 
1066 
1066 
1130 
1130, 1131 
1130, 1131 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
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Table VII-(Continued) 
~ ~~ 


Plant Name 


Genista hystrir 


Genista germanica 
Genista lobelii 


Genista lydia 


Genista micrantha 
Genista morisii 


Genista nissana 


Genista obtusirama 


Genista pilosa 
Genista pumila 
Genista radiota 


Genista raetum 
Genista salzmanii 


Genista scorpius 
Genista sericea 


Genista sessilijolia 


Genista spartioides 
Genista subcapitata 


Genista teritijolia 


Genista tinctoria 


Genista triacanthos 


Genista tridens 


Genista ulicina 


Genista umbellata 
Genista ualentina 
Genista uillarsii 


Gleditschia triacanthos 
Glycine mar  


Glycyrrhiza echinata 
Glycyrrhiza glabra 
Laburnum anagyroides 


Lathyrus montanus 
Lupinus sp. 
Lupinus luteus 
Lupinus polyphyllus 


lsoflavonoid - 


Genistein 
5-0-Methylgenistein 
Daidzein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
5-0-Methylgenistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Daidzein 
Formononetin 
Daidzein 
Genistein 
5-0-Methylgenistein 
Daidzein 
Daidzein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Genistein 7-0-glucoside 
Daidzein 
Formononetin 
Genistein 
5-0-Methylgenistein 
Genistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Daidzein 
Formononetin 
Genistein 
Genistein 
Daidzein 
Formononetin 
Genistein 
5-0-Methylgenistein 
Daidzein 
Formononetin 
Daidzein 
Genistein 
Genistein 7-0-glucoside 
Genistein 
5-0-Methylgenistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Daidzein 
Daidzein 
Daidzein 
Formononetin 
Genistein 
5-0-Methylgenistein 
Biochanin A 
Daidzein 
Daidzein 7-0-glucoside 
Genistein 


Genistein 7-0-glucoside 
Glvcitein (CLXXXVII) 
6,?,4’-Trihydroxyisoflavone 
(CLXXXVI) 
Isoflavonoids 
Formononetin 
Formononetin 
Daidzein 
Genistein 
5-0-Methylgenistein 
Orobol 
Genistein 
Luteone (CCLI) 
Genistein 


Reference 


1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1132 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
IN% ~ ~ . .  


1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066. 1133. 1134 
1066 ~ ~ . .  


1066 
1066 
1066 
1066 
1066 
1066 ~~~~ 


1066 
1066 
1066 
1066 
1066 
1066 
1066 
1135. 1136 
995, 1137-1139 
1099, 1139-1144 
995, 1032, 1139, 1140, 
1143, 1145, 1146 
995, 1032, 1145 
1147 
1148-1150 


1151 
1152 
1153, 1154 
1066 
1066 
1066 
1156 
1161 
1157 
1158 


(continued) 


Vol. 64, No. 5, M a y  1975 I 7 2 3  







Table VII-( Continued) 


Plant Name 


Lupinus termis 
Lygos monosperma 


Lygos raetam 


Maackia amurensis 


Maackia amurensis var. Buergeri 


Machaerium uillosum 


Medicago satiua 


Milletia auriculata 


Milletia dura 


Millet ia ferruginea 


Mundulea sericea 


Mundulea suberosa 
Myrocarpus fastigiatus 


Myroxylon balsamum 


Neorautanenia am boensis 


Neorautanenia edulis 


Pterocarpus dalbergioides 
Pterocarpus erinaceous 
Pterocarpus indicus 
Pterocarpus osun 
Pterocarpus santalinus 
Pterocarpus vidalianus 
Pterodon pubescens 


Pueraria mirifica 


Pueraria pseudohirsuta 


Pueraria thomsoni 
Pueraria thunbergiana 


Pueraria tuberosa 


Sarothamnus scoparius 
Sophora japonica 


Neorautanenia pseudopachyrrhiza 


Ononis spinosa 
Orobus tuberosus 
Ougeinia dalbergioides 


lsoflavonoid 


Genistein 7-0-glucoside 
Biochanin A 
Daidzein 
Genistein 
5- 0-Methylgenistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Pseudobaptigenin 
SoDhorol (CcLxxXvI I I )  
7’,~-Dihydroxy-3’-methoxyisoflavone 
(CLXXVI) 
Formononetin 
Genistein 
7’,4-Dihydroxy-3’-methoxyisoflavone 
Formononetin 
Isoformononetin (CLXII) 
7,3‘,4’,Trihydroxyisoflavone 
(CLXXV) 
Biochanin A 
Daidzein 
Formononetin 
Genistein 
Auriculatin (CCLXI) 
Auriculin (CCLXII) 
Isoauriculatin (CCLXIV) 
Durlettone (CLXIX) 
Durmillone (CCLXVI) 
Milldurone 
Durmillone 
Ferrugone (CCLXXV) 
Mundulone (CCLXXVII) 
Munetone (CCLXXXVI) 
Munetone 
Afrormosin 
Cabreuvin (CLXXXIV) 
Afrormosin 
Cabreuvin 
Dehydroneotenone (CCLVI) 
Neotenone (CCLV) 
Pachyrrhizin (CCLVII) 
De hydroneotenone 
Neotenone 
Pachyrrhizin 
Calycosin 
Pseudobaptigenin 
Formononetin 
Prunetin 
Santal 
Formononetin 
Milldurone 
6,7,2’,3’,4’-Pentamethoxyisoflavone 
6,7,3’,4’-Tetramethoxyisoflavone 
Miroestrol (CCLXXVIII) 
Unknown isoflavone 
Puerarin (CLXXII) 
Puerarin xyloside (CLXXIV) 
Puerarin 
Daidzein 
Daidzein 7-0-glucoside 
Genistein 
Puerarin 
Puerarin xyloside 
Daidzein 
Puerarin 
Puerarin 4’,6”-diacetate (CLXXIII) 
Genistein 7-0-glucoside 
Genistein 
Genistein 4’-O-glucoside (CXCIV) 
Genistein 7-0-neohesperidoside 
(CXCVI) 
Genistein 4’- 0-rhamnoglucoside 
(CXCVII) 
Genistein 7-0-rhamnoglucoside 
Dehydroneotenone 
Neotenone 
Nepseudin (CCLIV) 
Pachvrrhizin 
Formononetin 7 - 0-glucoside 
Orobol7-0-glucoside 
Dalbergioidin (CCLXXXII) 


Fteference 


1159 
1160 
1066 
1066 
1066 
1066 
1066 
1066 
1162 
1163,1164 
1165 


1165 
1165 
1166 
1166 
1166 
1166 


1167-1 169 
1167.1168.1170-1172 


1175 
1176 
1176 
1176 
1177 
1177 
1178 
1179,1180 
1181,1182 
1183, 1184 
1183 
1184 
1183 
1185 
1185 
1185,1186 
1185 
1185 
1185,1186 
1214 
1068 
1215 
1216 
1072,1217,1218 
1145 
in&, 1219,1220 
1206, 1219,1220 
1206. 1219. 1220 
1221; 1222’ 
1223 
1224 
1224 
1224 


1227 
1224-1227 


1226 
1224, 1225,1227 
1224, 1227 
1228 
1228 
1228 
1159 
1229-1232 
1064, 1230-1235 
1236 


1233-1235 


1230, 1237, 1238 
1186 
1186 
1186 
1185. 1186 
1140; 1141,1187-1191 
1156, 1192 
1193, 1194 
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Table VII-(Continued) 
~ 


Plant Name lsoflavonoid Reference 


Pachyrrhizus erosus 


Pericopsis sp. 


Phaseolus aureus 


Piscidia erythrinu 


Pisum sativum 
Platymiscium praecor 
Poecilanthe parviflora 


Psoralea esculenta 
Psoralea rigida 
Psoralea scaposa 
Pterocarpus angolensis 


Sophora subprostrata 


Stauracanthos genistoides 


Teline canariensis 


Teline congesta 


Teline linifolia 
Teline monspessulana 


Teline rosmarinifolia 


Teline spachiana 


Teline stenopetala 


Tephrosia maxima 


Tipuana tipu 
Trifolium alpestre 


Trifolium amtolicum 


Trifolium baccarini 


Trifolium batmanicum 


Trifolium campestre 
Trifolium eriosphoerum 


Trifolium globosum 


Trifolium hybridum 


Homoferreirin 
Ougenin (CCLXXXW) 
Dehydroneotenone 
Neotenone 
Pachyrrhizin 
Afrormosin 
Formononet in 
Daidzein 
7,2',4'-Trihydroxyisoflavone (CCXLI) 
Ichthynone (CCLXW) 
Jamaicin (CCLXIII) 
Piscerythmne (CCL) 
Piscidone (CCLXXIV) 
Isoflavones 
Texasin 
5,7,4'-Trihydroxy-2',3'-dimethoxy- 
isoflavanone (CCLXXXVI) 
Mixture of isoflavones 
Isoflavones 
Isoflavones 
Isoflavones 
7-0-Methyltectorigenin 
Muningin (CCXXXIII) 
Prunetin 
Sophorol 
D a i d z e i n 
Genistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Genistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
D a i d z e i n 
Genistein 
5-0-Methylgenistein 
Daidzein 
Genistein 
5-0-Methylgenistein 
Maxima substance A (CCXV) 
Maxima substance B (CLXXXV) 
Maxima substance C (CCLIII) 
Formononetin 
Biochanin A 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Biochanin A 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Biochanin A 
Formononetin 
Genistein 
Genistein 
Biochanin A 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Biochanin A 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Biochanin A 7-0-glucoside 
Formononetin 7-0-glucoside 
Genistein 7-0-glucoside 


1195 
1193-1195 
1186 
1186 
1196, 1197 
1198 
1198 
1092, 1199 
1200 
1201 
1202, 1203 
1204 
1204 
1205 
1206, 1207 
1208 


1208 
1209 
1209 
1209 
1210 
1211,1212 
1212, 1213 
1163 
1239 
1240 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1066 
1241 
1242, 1243 
1244 
1245 
1246 
1246, 1247 
1246, 1247 
1246 
1246 
1246 
1246 
1246 
1246 
1246 
1246 
1248 
1248 
1248 
1249 
1246, 1248 
1246, 1248 
1246 
1248 
1246, 1248 
1246, 1248 
1246 
1248, 1249 
1250 
1250 
1250 
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Table VII-( Continued) 


Plant Name lsoflavonoid Reference 


Trifolium incarnatum 


Trifolium isodon 


Trifolium israeliticum 


Trifolium lappaceum 


Trifolium medium 


Trifolium meduseum 


Trifolium ochroleucum 
Trifolium pannonicum 
Trifolium pauc iflorum 


Trifolium pilulare 


Trifolium pratense 


Trifolium repens 


Trifolium satiuum 


Trifolium subterraneum 


Biochanin A 7-0-glucoside 
Formononetin 7-0-glucoside 
Genistein 7-0-glucoside 
Biochanin A 
Formononetin 
Formononetin 7-0-glucoside 
Biochanin A 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Biochanin A 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Biochanin A 
Daidzein 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Biochanin A 
Formononetin 
Genistein 
Biochanin A 7-0-glucoside 
Biochanin A 7-0-glucoside 
Biochanin A 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Biochanin A 
Formononetin 
Formononetin 7-0-glucoside 
Genistein 
Biochanin A 


Biochanin A 7-0-glucoside 
Biochanin A 7-0-glucoside 5-malonate 
(CCVI) 
Daidzein 


Daidzein 7-0-glucoside 
Formononetin 


Formononetin 7-0-glucoside 


Formononetin 7-0-glucoside 
6”-malonate (CLXVI) 
Formononetin 7-0-glucoside 
6”-methylmalonate (CLXVII) 
Genistein 


Isoflavones 
Pratensein 
Daidzein 
Formononet in 
Genistein 
Isoflavones 
Formononet in 
Formononetin 7-0-glucoside 
Biochanin A 


Biochanin A 7-0-glucoside 
Biochanin A 7-0-glucoside 
6”-malonate (CCVIII) 
Biochanin A 7-0-glucoside 
6”-methylmalonate (CCIX) 
Daidzein 


Formononet in 


Formononetin 7-0-glucoside 
Formononetin 7-0-glucoside 
6”-malonate 
Formononetin 7-0-glucoside 
6”-methylmalonate 


1250 
1250, 1251 
1250 
1246 
1246 ~~ ~. 


1246 
945, 1246, 1248 
945, 1246. 1248 
1246 
945, 1246, 1248 
1246 
1246 
1246 
1246 
1252 
1252 
1252 
1247 
1247, 1252 
1248 
1248 
1248 
1250 
1250 
1246, 1248 
1246, 1248 
1246 
1246, 1248 
1246, 1248 
1246, 1248 
1246 
1246, 1248 
940, 1167, 1246, 
1253-1265 
1250, 1263,1266-1268 
1263, 1267 


1167, 1168, 1258, 
1263, 1264 
1263 
940: 1013, 1167-1169, 


1260. 1262, 1263. 1265. 
1246, 1247, 1255, 1258- 


1269-1273 
1246, 1247, 1250, 1263, 
1266, 1268 
1268 


1268 


1050, 1167-1169, 1246, 
1249, 1250, 1255, 1258, 
1261, 1263, 1272 
1274-1276 
1258. 1277-1279 
1167; 1168 
1167, 1168, 1265, 1280 
1050, 1167, 1168 
1261 
1247 
1247 
934, 943,945,951, 
1013, 1167, 1246, 1248, 
1258, 1259, 1261, 1281- 
1288 
1250, 1268 
1268 


1268 


943, 1167, 1258, 1281- 
1283, 1285, 1286 
932. 934.943.945. 951. 
1167, 1246, 1248, 1255,’ 


1246, 1250, 1268 
1258, 1281-1287 


1268 


126a 
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Table VII-(Continued) 


Reference 


930,932,934,943,945, 


1248, 1249,1255,1258, 


lsoflavonoid Plant Name 


Genistein 951, 1013, 1167,1246, 


1259,1261,1281-1290 
Genistein 7-0-glucoside 1250 


1274 
1246 


Isoflavones 


1246 
Trifolium tem bense Biochanin A 


1246 
Formononetin 
Formononetin 7-0-glucoside 


1066 
1066 


Ulex bioivinii Daidzein 


1066 
Genistein 
5-0-Methylgenistein 


1066 
1066 


Ulex europaeus Daidzein 


1066 
G e n i s t e i n 
5-0-Methylgenistein 


1066 
1066 


Ulex galli Daidzein 


1066 
Genistein 
5-0-Methylgenistein 


1066 
1066 


Ulex minor Daidzein 


1066 
Genistein 
5-0-Methylgenistein 
Genistein 7-0-glucoside 1065 


1066 Ulex nanus 
1066 


Ulex paruiflorus Daidzein 


1066 
Genistein 
5-0-Methylgenistein 


1205 
1291 


Vigna sinensis Isoflavones 
Afrormosin 7-0-glucoside Wisteria brachybotrys Afrormosin 7-0-glucoside 1291 


Wisteria floribunda Isoflavones 1292 Wisteria sinensis 


Maclura pornifera Osajin 1293, 1294 
1294,1295 


Moraceae 


Pomiferin (CCLXIX) 
Podocarpaceae Genistein 1296 


Podocarpus spicatus Podospicatin (CCXLIV) 1296-1298 


Rosaceae 
Prunus aequinoctalis 


Prunus avium 


Prunus emarginata 


Prunus mahaleb 


prunus marimowiczii 


Prunus nipponica 


Prunus puddum 


Prunus vericunda 


Genistein 
Genistein 7-0-glucoside 
Prunetin 
Prunetin 
Prunetin 4’-0-glucoside (CCU 
Prunetin 
Prunetin 4’-O-glucoside 
Genistein 
Prunetin 
Genistein 
Prunetin 
Genistein 
Genistein 7-0-glucoside 
Prunetin 
Genistein 
Padmakastein (CCLXXIX) 
Padmakastin (CCLXXX) 
Prunetin 
Genistein 
Prunetin 


1299 - ~ .  . 


1299 
1299 
1300 
1064 
1300 
1W 
iioi, 1302 
1301,1302 
1299 
1299 
1299 
1299 
1299 
1303 
1304,1305 
1304 
i303,1304 
1308 
1308 


1309 
Solanaceae Nicotiana tabacum Isoflavonoids 


CLXXV: 7,3‘,4‘-trihydroxyisoflavone 
CLXXVI: 7,4’-dihydroxy-3’-methoxyisoflavone 


CLXXVII: calycosin 
CLXXVIII: calycosin 7-0-glucoside 


CLXXIX: calycosin 7-0-rhamnoglucoside 


CLXXXI: pseudobaptigenin 7-0-glucoside 
CIXXX: pseudobaptigenin 


CLXXXII: pseudobaptigenin 7-0-rhamnoglucoside 
CLXXXIII: cladrin 
CLXXXIV: cabreuvin 
CLXXXV: maxima substance B 


R, - 
H 
H 
H 
Glu 
Rham. Glu 
H 
Glu 
Rham.Glu 
H 
CH:, 
--CH$H=(CHdz 


Structures of Isoflavonoids 


I12 
H 
CH3 
H 
H 
H 







CLIX: 
CLX: 


CLXI: 
CLXII: 


CLXIII: 
CLXN:  
CLXV: 


CLXVI: 
CLXVII: 


CLXVIII: 
CIXIX: 
C W :  
cm1: 


C W I I :  
CLXXIII: 
CLXXIV: 


R, - 
daidzein H 
daidzein 7-0-glucoside H 
daidzein 7-0 -rhamnoglucoside H 
isoformononetin H 
formononetin H 
formononetin 7-0-glucoside H 
formononetin 7-0-rhamnoglucoside H 
formononetin 7-0-glucoside-6”-malonate H 
formononetin 7-O-glucoside-6”-methylmalonate H 
di-0-methyldaidzein H 
durlettone H 
retusine OH 
8-0 -methylretwine OCH:, 
puerarin Glu 


puerarin xyloside Glu 
puerarin 4’,6”-diacetate 6-AcGlu 


Structures of Isoflavonoids 


5 
H 
Glu 
RhamGlu 
CH.1 
H 
Glu 
Rham.Gl u 
Mal.Glu 
MeMaLGlu 
CH i 
CH 4 
H 
H 
H 
H 
H or Xyl 


CLXXXVI: 6,7,4’-trihydroxyisoflavone 
CLXXXVII: glycitein 


CLXXXIX: texasin 7-0-glucoside 
CLXXXVIII: texasin 


CXC: afrormosin 
CXCI: afrormosin 7-0-glucoside 


CXCII: afrormosin 7-0-  rhamnoglucoside 


R1 - 


H 
H 
H 
Glu 
H 
Glu 
Rham.Glu 


Structures of Isoflavonoids 


CXCIII: genistein 
CXCIV: genistein 4’-U-glucoside 
CXCV: genistein 7-0-glucoside 


CXCVI: genistein 7-0-neohesperiside 
CXCVII: genistein 4‘-0 -rhamnoglucoside 


CXCVIII: genistein 7-0-rhamnoglucoside 
CXCIX: genistein 7-0 -rutinoside 


CCI: prunetin 4’-O-glucoside 
CC: prunetin 


CCII: 5-U-methylgenistein 
CCIII: biochanin A 
CCIV: biochanin A 7-0-glucoside 


- 
H 
H 
Glu 
Neohasp 
H 
Rham.Glu 
rutin 
C 9 ,  
C 9 ,  
H 
.H 
Glu 


CCV: biochanin A 7-0-rhamnoglucoside R hamGlu H 


CCVII: biochanin A 7-apiosylglucoside ApGlu H 
CCVIII: biochanin A 7-0-glucoside 6”-malonate 6-Mal.Glu H 


CCIX: biochanin A 7-0-glucoside 6”-methylmalonate 6-MeMal.Glu H 


CCVI: biochanin A 7-0-glucoside 5-malonate Glu Ma I 


Structures of Isoflavonoids 


R3 
H 
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- R3 
OH 
OH 
OH 
OH 
OH 
H 
OCH3 
OH 


- R4 Rs 
OH H 
OH H 
OH H 
OH H 
OH CH3 


-CHzO- 
-CHzO- 


CH, H 


Rl - R2 
H H 
H Glu 
H Rham.Glu 
H CH3 
H H 


H CH3 
OCH, Glu 


-OCH2- 


Structures of Isoflavonoids 


CCX: orobol 
CCXI: orobol 7-0-glucoside 


CCXII: orobol 7-0-rhamnoglucoside 
CCXIII: santal 
CCXIV: pratensein 
CCXV: maxima substance A 
CCXVI: derrustone 


CCXVII: homotectoridin 


RI - 


CCXVIII: cladrastin H 


CCXX: fujikinetin H 
CCXXI: fujikinin Glu 


CCXXII: 6,7-dimethoxy-3‘,4’-methylenedioxyisoflavone CH, 


CCXIX: 6,7,3’,4’-tetramethoxyisoflavone CH:, 


Structures of Isoflavonoids 


-CHz- 
-CH2- 
-CH2- 


Rl - 
CCXXIII: 6-hydroxygenistein H 


CCXXV: tectorigenin H 
CCXXIV: 6-hydroxygenistein 7-0-rhamnoglucoside Rham.Glu 


CCXXVI: tectorigenin 7-0-glucoside Glu 
CCXXVII: irilone -CH2- 
CCXXVIII: irilone 4’-O-glucoside -CH2- 


CCXXX: irisolone -CH2- 
CCXXIX: irilone 4’-bioside -CHZ- 


CCXXXI: 7-0-methyltectorigenin CH3 
CCXXXLI: 7-0-methyltectorigenin 4’-O-rhamnoglucoside CH3 


CCXXXIII: muningin CH3 
CCXXXIV: 7,4’-dimethyltectorigenin CH, 
CCXXXV: irisolidone H 


Structures of Isoflavonoids 


R4 - 
H 
H 
H 
H 
H 
Glu 
Biose 
H 
H 
Rham.Glu 
H 
CH, 
CH3 
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CH,O ‘lo% OH 0 CH, 


R2 ’ OR4 


- R1 & R j %  
CCXXXVI: iristectorinenin H H  H H  ., 


CCXXXVII: caviunin H OCH, H CH, 
CCXXXVIII: caviunin 7-0-glucoside Glu OCH, H CH, 


CCXXXIX: irigenin H H  OH CH, 
CCXL: irigenin 7-0-glucoside Glu H OH CH, 


Structures of Isoflavonoids 


CH , 
CCLXX: osajin, R = H 
CCLXXI: 5-O-methylosajin, R = CH, 


.Structures of Isoflavonoids 


- Rl 3 - R3 R4 - 
CCXLI: 7,2’,4’-trihydroxyisoflavone H H H OH 


CCXLII: dalpatein H OCH, H OCH, 
CCXLIII: dalpatin Glu OCH, H OCH, 
CCXLIV: milldurone CH, OCH, H OCH, 
CCXLV: podospicatin H OCH, OH OH 


CCXLVI: 6,7,3‘-trimethoxy-4’5‘- CH, OCH, H H 


CCXLVII: 6,7,2’,4’,5’- CH, OCH, H OCH, 
methylenedioxyisoflavone 


pentamethoxyisoflavone 
CCXLVIII: tlatlancuayin -CHz-0- OCHj OCH, 


CCXLIX: irisflorentin -CHz-O- OCH, H 
C C L  piscerythrone H H OH H 


CCLI: luteone H -CHZCH=C(CH,), OH OH 
CCLII: derrubone H -CH,CH=C(CH,), OH H 


CCLIII: maxima substance C -CH2CH=C(CHJ2 H H OCH, 
Structures of Isoflavonoids 


- Rs - R6 5 
H H H 
H -O-CH2-O- 
H -0-CH2-0- 
H -0-CH2-0- 
H H OCH, 
OCH, -O-CH2-O- 


OCH:, OCH, H 


H H H 
OCH, OCH, OCH, 


-CHzCH=C(CH3), OH OCH, 
H OH H 


-O-CH,-+ H 
H -O-CH2-O- 


R3 
R, - 3 R3 R4 R5 


CCLIV: nepseudin =O H2 OEH, OCH, H 
CCLV: neotenone =O Hz H -OCH20- 


CCLVI: dehydroneotenone =O H H -OCH20- 
CCLVII: pachyrrizin H =O H -OCH@- 


Structures of Isoflavonoids 


~ 2 . 3  


A3.4 
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R4 - Ts 
-CH20- 
-CH,O- 


H H 
H H 
CH, H 


R, - - R2 5 
H OH H 
H (33% H 
-CH2CH=C(CH3), OH H 
- CH,CH=C(CH& OH OH 
-CH,CH=C(CH& H OH 


Structures of Isoflavonoids 


CCLVIII: robustone 
CCLJX: robustone methyl ether 
CCLX: scandenone 


CCLXI: auriculatin 
CCLXII: auriculin 


- R1 5 
CCLXIII: jamaicin H H 
CCLXIV: isoauriculatin H OH 
CCLXV: toxicarol isoflavone H OH 


CCLXVI: durmillone OCY, H 
CCLXVII: ichthynone OCHj H 


CCLXVIII: scandinone -CH,CH-C(CHJ, OCH, 
CCLXIX : p o m if e r in -CH,CH=C(CH,Jz OH 


Structures of Isoflavonoids 


R3 
OCHB 
OH 
OCH, 
H 
OCH, 
H 
H 


R, - R5 
-CH,CH=C(CHJ2 H 
CH3 CH3 - CH20 - 


- CH,O - 
H H 
H OH 


- CH20 - 


C"3 
I 


CCLXXII: chandalone 


Glu 
CCLXXIV: piscidone 


OH 
CCLXXIII: paniculatin 


O'CH 
CCLXXV: ferrugone 
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CH 


CH 
CCLXXVI: munetone 


\\I’ 


HO 


,OH 


CCLXXVIII: miroesterol 


OH 0 


OR3 
- R, - R2 - R3 


CCLXXIX: padmakistein CH, H H 
CCLXXX: padmakistin CH, H Glu 


CCLXXXI: 5,7-dihydroxy-4’- H H CH, 


CCLXXXII: dalbergioidin H OH H 
CCLXXXIII: ferreirin H OH CH, 
CCLXXXIV: hornoferreirin H OCH, CH, 


Structures of Isoflavonoids 


methoxyisoflavone 


C H  
CCLXXVII: mundulone 


C H  3 0  OR3 
O‘R2 


R1 - 5 %  
CCLXXXV: violanone H H CH3 


CCLXXXVI: 5,7,4’-trihydroxy-2’,3‘- OH CH3 H 
dime thoxyisoflavanone 


HO 
HO 


CCLXXXVII: ougenin 


CH 2 


HO 
CCLXXXVIII: sophorol 


Structures of Isoflavonoids 


Table VIII-Occurrence of Coumestans in Plants 


Coumestan Reference Plant Name 


Compositae 
Eclipta alba 


Taraxacum officinale 
Wedelia calendula 


Secale cereale 


Cicer arietinurn 


Dalbergia decipularis 


Glycine mar  


Glycyrrhiza sp. 


Gramineae 


Leguminosae 


Wedelolactone (CCXCIX) 
Demethylwedelolactone (CCXCVIII) 
Coumestrol 
Wedelolactone 


Coumestrol 


Medicagol (CCC) 
4’-O-Methvlcoumestro1 (CCXCI) 
7,4’-Di-O-methylcoumestrol 
(CCXCIII) 


Maackia amurensis var. buergeri 
Medicago aculeata 
Medicago arabica 
Medicago arborea 
Medicago blancheana 


5-O-Methy1g1ycyro1 (CCCVIII) 
Medicagol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 


1310, 1311 
1311 
1312 
1313-1315 


1312 


1316 
1316 
1317 


1318, 1319 
1318, 1319 
1320 
1320 
1320 
1165 
1321,1322 
1321, 1322 
1321,1322 
1321,1322 
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Table VIII-( Continued) 


Plant Name Coumestan Reference 


Medicago constricta 
Medicago corulea 
Medicago disciformis 
Medicago dzhawakhetica 
Medicago falcata 
Medicago granadensis 
Medicago hemicycla 
Medicago hispida 
Medicago intertexta 
Medicago laciniata 
Medicago littoralis 


Medicago minima 
Medicago murex 
Medicago orbicularis 
Medicago polychroa 
Medicago polymorpha 
Medicago polymorpha var. denticulata 


Medicago praecox 
Medicago rigidula 
Medicago rotata 
Medicago nigosa 
Medicago satiua 


Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
4’-O-Methylcoumestro1 
3’-Methoxycoumestrol (CCXC) 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
4’-O-Methylcoumestro1 
3’-Methoxycoumestrol 
Coumest rol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 


Medicago sauvagei 
Medicago scutdlata 


Medicago sogdiana 
Medicago soleirolii 
Medicago suffruticosa 
Medicago tenoreana 
Medicago tianshanica 
Medicago tornata 
Medicago truncatula 


Medicago turbinata 
Medicago varia 
Melilotus alba 
Pachyrrhizus erosus 
Phaseolus aureus 


Psoralea corylifolia 
Swartzia leiocalycina 


Swartzia madagascariensis 
Trifolium fragiferurn 
Trifolium pratense 
Trifoliurn repens 


Trifolium subterraneum 
Trifoliurn subterraneum var. 


Triponella corniculata 
dwalganup 


4’-O-MethylcoumestroI 
Sativol (CCXCVI) 
Medicagol 
3’-Methoxvcoumestrol 
Trifoliol (dCXCW) 
Lucernol (CCXCIV) 
Coumestrol 
Coumestrol 
4’-O-Methylcoumestro1 
3’-Methoxycoumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
4’-O-MethylcoumestroI 
3’-Methoxycoumestrol 
Coumestrol 
Coumestrol 
Coumestrol 
Erosnin (CCCIV) 
Coumestrol 
Sojagol 
Psoralidin (CCCV) 
6-Hydroxy~7-O-methylmedicagol 
(CCCI) 
6-Hydroxy-5-methoxy-7-O-methyl- 
medicagol (CCCII) 
7,4’-Di-O-methylcoumestrol 
Coumestrol 
Coumestrol 
Coumestrol 


4’-O-MethylcoumestroI 
Trifoliol 
Repensol (CCXCV) 
Coumestrol 
Coumestrol 


Coumestrol 


1321 
1321,1322 
1321,1322 
1321. 1322 
1321; 1322 
1321,1322 
1321,1322 
1323 
1321, 1322 
1321, 1322 
1321. 1322.1324. 1325 
1325’ 
1325 
1321,1322 
1321.1322 
1321; 1322 
1321. 1322 
1321; 1322 
1325 
1325 
1325 
1321. 1322 
1321; 1322 
1321, 1322 
1321, 1322 
937,942,960, 1169, 
1170. 1172.1173. 1312. 
1321-1323; 1326-1333’ 
1170,1334,1335 


1170,1331, 1336 
1170, 1331, 1337 
1170.1331 
1331: 1338 
1330: 1331 
1337 
1321,1322 
1321,1322, 1325 
1325 
1325 
1321,1322 
1321, 1322 
1321 
1321. 1322 
1321; 1322 
1321, 1322 
1321, 1322, 1325 
1325 
1325 
1321. 1322 
1321: 1322 


1342 
1343 


1343 


1344 
960,1323 
1312, 1323, 1326, 1332 
960,1280, 1312, 1323, 


1346 
1346, 1348 
1346 


1326, 1345-1347 


1281, 1282 
1323 


1322 


this series is coumestrol (CCLXXXIX), and its isolation and estro- 
genic activity were first reported by Bickoff et al. (960). The 
coumestans are reported to have a higher order of estrogenic activ- 
ity than the isoflavones (961). Table VIII gives a list of plants and 
their contained coumestans. 


The synthetic stilbene derivative, diethylstilbestrol (CCCIX), is 


the prototype of the nonsteroidal estrogenic hormones. Of the nat- 
ural stilbenes, rhaponticin (CCCX) is the only compound of this 
type reported to possess estrogenic activity. Knorr e t  al. (962) re- 
ported in 1956 that this compound could induce estrus in ovariec- 
tomized female rats. On the other hand, Klimek (963) reported in 
l970 that rhaponticin produced only an insignificant increase in 
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CCLXXXIX: 
ccxc: 


CCXCI: 


CCXCII: 


CCXCIII: 


CCXCIV: 
ccxcv: 


CCXCVI: 
CCXCVII: 


CCXCVIII: 


CCXCIX: 
ccc: 


CCCI: 


CCCII: 


CCCIII: 


CCCIV: 
cccv: 


coumestrol 
3' -methoxycoumestrol 


methylcoumestrol 
5-methoxy-4'-0- 
methylcoumestrol 
7,4'-di-0- 
methylcoumestrol 
lucernol 
repensol 
sativol 
trifoliol 
demethyl- 
wedelolactone 
wedelolactone 
medicagol 
6-hydroxy-7-0- 
methylmedicagol 
6-hydroxy-5-methoxy- 
7-0-methylmedicagol 
sojagol 


4 ' -0-  


erosnin 
psoralidin 


CCCVI: glycyrol 


CCCVII: 


CCCVIII: 


isoglycyrol 


5-O-methylglyc yrol 


R 


R4 
R _ -  RI 32 - R3 5 R5 - & 


H H  H H H H H  
H H  H H OCH, H H  
H H  H H H CH, H 


H H  H H H CH, OCH, 


H CH, H H H CH, H 


H H  OH H H 
H H  H H H 
OH CH, H H H 
H H  H H H 
H H  H OH H 


H CH, H OH H 
H H  H H H 
H CH3 OH H H 


H H  
H H  
H H  
CH, H 
H OH 


H OH 
-CHz-O- 
-CH,-O- 


-CHt-O- H CH, OH OCH, H 


H H  H H -CHzCHz-C-0- H 
/ /  


H,C CH, 
H -CH=CH- H H -CH,-O- 
H H  -CH, H H CH, H 


I 


H CH, 


CH 
II 


A 
H,C CH, 


-CH2 OH H 
I 


CH 
II 


7\ 
H C  CH, 


H CH, -~H~cH,-c-o- H 
/ \  


H,C CH, 
H CH, -CH, OCH, H 


I 
CH 


Structures of Coumestans 


the uterine weight of immature mice. Therefore, the presence of 
estrogenic activity in this natural product remains to be demon- 
strated conclusively. 


Another group of compounds has been reported to  exhibit estro- 
genic activity. Wenzel and Rosenberg (964) reported that 6,4'- 
dihydroxyflavone (CCCXI) was estrogenic following subcutaneous 
injection, and Pretorius et al. (965) later found that quercetin 
(CXLVI) and robinin (CCCXII) showed slight estrogenic activity. 
Tricin (CCCXIII), from Medicago satiua, was also shown to have 


R7 
H 
H 
H 


H 


H 


H 
OH 
H 
OH 
H 


H 
H 
H 


H 


H 


H 
H 


H H  H 


H H  H 


H H  H 


slight estrogenic activity (966). The estrogenic activity of quercetin 
has been questioned (967). 


A number of reviews of plants containing estrogenic compounds 
have appeared (175,928,949,968-1004). 


A survey of 136 fodder plants for estrogenic activity appeared 
(1005) but was not available. Table IX presents a list of plants 
having estrogenic activity. A list of compounds obtained from 
plants that  exhibit estrogenic activity is given in Table X. 


Humulus lupulus, Auena satiua, and Oryza satiua have been 
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Table IX-Plants Reported to Exhibit Estrogenic Activity 


CCCIX: diethylstilbestrol 


OH 
I 


HO 
CCCX: rhaponticin 


0 
CCCXI: 6,4‘-dihydroxyflavone 


CCCXII: robinin 


0 CH3 
I 


‘ 0  HO 
CCCXIII: tricin 


shown to exhibit estrogenic properties (Table IX); these same 
plants have also been shown to induce ovulation (1006). Although 
there is no evidence of positive correlation between these two 
properties, it is of interest that the following plants also have been 
mentioned to induce ovulation: Aralia cordata (1006), Citrus 
limon (1006), Lycium chinense (1006, 1007), and Raphanus sati- 
uus (1006). 


A number of plants have been reported from which products 
were obtained having properties similar to those of animal hor- 
mones. These products were not characterized, and no further de- 
tails are available. Reviewers (928) have tended to assume that 
these products were estrogenic and have included them in tables of 
estrogenic plants. These claims may be unjustified and the plants 
are listed here rather than in Table IX, i.e., Conuallaria majalis, 


Plant Name Reference 


Agavaceae 
Agaue americana 
Yucca aloifolia 


Anacardiaceae 
Mangifera indica 


Apocynaceae 
Funtumia sp. 
Holarrhena 


Araliaceae 
P a m  ginseng 


Asclepiadaceae 
Asclepias tuberosa 


Balsaminaceae 
Impatiens balsamina 


Betulaceae 
Alnus glutinosa 


Boraginaceae 
Lithospermum ruderale 


Bromeliaceae 
Ananas comosus 
Tillandsia aloifolia 
Tillandsia bal bisiana 
Tillandsia circinnta 
Tillandsia fasciculata 
Tillandsia juncea 
Tillandsia simulata 
Tillandsia tenuifolia 
Tillandsia usneoides 


Caprifoliaceae 
Sambucus niger 


Chenopodiaceae 
Beta uulgaris 


Compositae 
Calendula officinalis 
Carthamus tinctorius 
Chrysactinia mexicana 
Helianthus annuus 


Cruciferae 
Brassica napus 
Brassica pekinensis 


Cyperaceae 
Cyperus rotundus 


Euphorbiaceae 
Ricinus communis 


Gramineae 
Avenn sativa 


Agrostis tenuis 
Bromus mollis 
Cynodon dactylon 
Dactylis glomerata 


Eragostris curuula 
Festuca pratensis 
Festuca rubra 
Festuca arundinacea 
Hordeum uulgare 
Hyparrhenn filipendula 
Lolium perenne 


Lolium rigidum 


Oryza sativa 
Phalaris arundinacea 


Phleum pratense 


Poa pratensis 


Poa trivialis 
Secale cereale 


Setaria ciliolata 
Triticum aestiuum 


Zea mays 


1349 
1349 


1350 


1351 
1351 


1352, 1353 


263,264, 1039 


1354 


968 


177 


194, 1355 
1355 
1355 
1355 
1355 
1355 
1355 
1355 
1356 


1357 


924, 1358-1361 


1362 
1363 
1364 
1365 


1365,1366 
1367 


1368 


1369 


925,968, 1038, 1370- 
1373 
1374 
1375-1378 
1051 
194, 1374,1379-1384 
1382, 1383, 1385 
1386 
1371,1374, 1387 
1374, 1387 
1383 
1373,1388 
1051. 
194. 1374. 1379.1380. 
1383.1389 
1383’ 
1390 
1391 
1038,1363, 1392 
1383 
1383 
1374, 1381, 1384, 
1393, 1394 
1374, 1379, 1395 
1396 
1375, 1378, 1385, 1397 
1374 
1385 
1385 
1051 
1038, 1363, 1366,1389, 


1375, 1378, 1385, 1397 
1363, 1365, 1371, 1389, 
1401 


1398-1400 


(continued) 
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Table IX--(Continued) 


Plant Name 


Labiatae 
Leonurus sibiricus 
Saluia officinalis 


Cinnarnornum zeylanicum 


Arachis hypogaea 
Astragalus lentiginosus 
Astragalus miser 
Astragalus sinicus 
Butea superba 
Butea sp. 
Calopogoniurn muconoides 
Centroserna pubescens 
Ceratonia siliqua 
Cicer arietinurn 
Crotalaria sp. 
Cytisus scoparius 
Glycine rnax 


Lauraceae 


Leguminosae 


Glycyrrhiza glabra 


Glycyrrhiza uralensis 
Glycyrrhiza sp. 
Leucaena glauca 
Lotus corniculatus 


Lotus uliginosus 
Lupinus polyphyllus 


Lupinus terrnis 
Medicago falcata 
Medicago littoralis 
Medicago lupulina 
Medicago satiua 


Medicago tribuloides 
Medicago truncatula 
Melilotus officinalis 
Phaseolus aureus 
Phaseolus calcartus 
Phaseolus uulgaris 
Pisum satiuurn 


Pueraria jauanica 
Trifoliurn alexandriurn 


Trifoliurn fragijerurn 


Trifoliurn hy bridurn 
Trifoliurn incarnatum 
Trifoliurn pratense 


Trifoliurn repens 


Trifoliurn subterraneurn 


Reference 


- 1375, 1376, 1378 


1402 
1403 


1404 


1363,1365, 1405 
1406 
1407 
1408 
1223, 1409-1413 
1414-1417 
1405 
1405 
1418 
1419 ~~~ 


1405 
1420 + 1365, 1375,1389, 1405, 
1408. 1421-1424 


- 1378' + 1036. 1401. 1425-1433 


Plant Name 


Vicia arnericana 
Vicia angustijolia 
Vigna sesquipedalia 
Vigna sinensis 


Allium porrurn 
Allium ursinurn 
Charnaeliriurn luteurn 
Phalangiurn liliago 
Tulipa gesneriana 
Veratrurn californicurn 


Linurn usitatissirnun 


Althaea rosea 


Melia azadirachta 


Artocarpus integrifolia 
Ficus infectoria 
Ficus religiosa 
Hurnulus lupulus 


Liliaceae 


Linaceae 


Malvaceae 


Meliaceae 


Moraceae 


- 1383 
1439 + 1158 


- 1440 
1441, 1442 
1374 
1026, 1443 
1374,1444 
939, 1014, 1032, 
1051. 1169.1374-1377. ~ . ~ , ~  
1381-1383; 1385, 1387; 
1389, 1397, 1401,1405, 
1436, 1440, 1445-1478 
1479 
1443 
1473, 1475 
1405 ~~~ 


1405 
1040, 1480 
1367, 1371, 1458, 
1473,1475 
1405 + 1373, 1429, 1481, 1482 


- 1372 + 1483 
- 1484 


1374, 1383 
1374, 1444 


1013, 1032, 1034, 1169, 
1258.1260. 1367. 1371. 


+ 959,975, 1oO0,1011, 


1374; 1379; 1381; 1383; 
1384, 1387,1389,1393, 
1394,1397, 1401, 1436, 
1437,1439, 1444,1445, 
1450,1467, 1471, 1473, 
1475, 1476, 1485-1514 


- 1484 + 1290, 1345, 1374, 1376, 
1383, 1389, 1395,1396, 


1440,1459, 1471,1475, 


- 1383, 1397, 1473, 1483, 
1484, 1510, 1511, 1522, 
1523 
930, 931, 935,936, 


1013,1259,1281, 1287, 
1371, 1384, 1390,1444, 
1463, 1479, 1483, 1492, 


1411, 1412, 1435-1437, 


1476, 1483,1515-1521 


975,1000,1010,1012, 


1514, 1515,1524-1549 


Morus sp. 
Moringaceae 


Moringa oleifera 
Myrtaceae 


Eucalyptus sp. 
Eugenia jambolana 


Nymphaeaceae 
Nuphar luteurn 


Oleaceae 
Olea europaea 


Palmae 
Cocos nucifera 
Elaeis guineensis 
Phoenix dactylifera 
Serenoa repens 


Pinus ponderosa 


Rheum rhaponticum 


Punica granatum 


Prunus cerasus 
Prunus dornestica 


Coffea arabica 
Ophiorrhiza rnungos 


Salix babylonica 
Sal ix  caprea 


Lycium chinense 
Solanum tuberosum 


Theobroma cacao 


Tilia cordata 
Tilia europaea 
Tilia platyflora 


Daucus carota 
Foeniculurn uulgare 
Heracleum sosnowskyi 
Leuisticurn officinale 
Petroselinurn crispum 
Pimpinella anisurn 


Musanga cecropioides 
Urtica sp. 


Violaceae 
Viola odorata 


Zingiberaceae 
Costus speciosus 


Unidentified grasses 


Pinaceae 


Polygonaceae 


Punicaceae 


Rosaceae 


Rubiaceae 


Salicaceae 


Solanaceae 


Sterculiaceae 


Tiliaceae 


Umbelliferae 


Urticaceae 


Fkference 


1407 
1475 
1405 
1405 


1349 
1550 
1039 
1349 
1551, 1552 
153 


1363, 1365, 1389 


1354 


1553 


1350 
1350 
1350 


+ 962, 1353, 1367, 


- 1560 
1350 


1405 


1561 
1350 


1354, 1562 


1363, 1365 


1363 


1554-1559 


925,1365 
1043 
1563 


+ 1564 
- 1565, 1566 


968 


1567 


924 
924 


1568 
1405 


1349 
926,968, 1354, 1366, 
1388, 1562, 1569 


1570 
924, 1366 


1365 


1349 
1357 
1349 


1399, 1400,1571 
1561 
1401 
1572 
924 
1428, 1429, 1561 


1573 
1357 


1574 


1575 
1371, 1447,1547, 
1576-1580 
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Table X-Compounds Reported to Have Estrogenic Activity Table XI-Relative Potency of Sterol Estrogens, Coumestrols, 
and Isoflavones 


Compound Name Reference 
. r n <  Quantity Reauired Anethole (CCCXIV) 


Anisole (CCCXV) 
Asiaticoside (CCCXVI) 
Biochanin A (CCIII) 


Cafesterol (CCCXVII) 


Clupanodonic acid 
Colchicine (CXVIII) 
Coumestrol (CCLXXXIX) 


Daidzein (CLIX) 


Deserpidine (CCCXVIII) 
Diosgenin (CCCXIX) 
17a-Estradiol (CLV) 
Estriol (CLVII) ' 


Estrone (CLVIII) 
Formononetin (CLXIII) 


Genistein (CXCIII) 


Genistein 7-0-glucoside (CXCV) 
Genistein 4'-0-glucoside (CXCIV) 
Gibberellic acid (CCCXX) 
Miroestrol (CCLXXVIII) 
Nicotine (X) 


Phloretin (CCCXXI) 
Pilocarpine (CXXVI) 
Podocarpic acid (CCCXXII) 
Prunetin (CC) 
Reserpine (LXXXIX) 


Rhaponticin (CCCX) 


/3-Sitosterol (CXLII) 
Glvcvrrhiza plabra steroids 


1301 
1561 
1172 
999,1011, 1031-1034, 
1246,1259, 1581 + 1582, 1583 


- 1584-1587 
1588 
1589 
994,999, 1011, 1014, 
1590-1598 + 1031-1034 


- 928 
1599 
1600 
1601 
1601 
1601 + 


- 


1375, 1478, 1591 
1605 
1606, 1607 
994, 1608-1611 + 1613-1615 


- 1616 
1617 
1618 
1619 
928 + 1620-1624 


- 1620-1629 
+ 962 - ̂ ^ 


Compound 


Control 
Diethylstilbestrol 
Estrone 
Coumestrol 
Genistein 
Daidzein 
Biochanin A 
Formononetin 


t o P k d u c e a  
25-mg Uterus, pg 


Relative 
Potency 


- 


0.083 
1.20 


240 
8,000 


11,000 
18,000 
32,000 


~ 


100,000 
6,900 


35 
1.00 
0.75 
0.46 
0.26 


Malus purnila, Petroselinurn crispurn, Prunus cerasus, Rheum 
rhaponticurn, and Solanurn tuberosurn (1008). 


The metabolism of phytoestrogens in animals has been investi- 
gated in the sheep (1004-1014), rat  (1015), cow (1016, 1017), fowl 
(1018-1021), other animals (1022), and liver enzyme systems 
(1023), and the effect of phytoestrogens on the blood in sheep has 
been studied (1024-1027). 


If one inspects the structures of the estrogenic sterols (CXLII 
and CLV-CLVIII), isoflavones (CLIX-CCLXXXVIII), and 
coumestans (CCLXXXIX-CCCVIII), one can see a striking simi- 
larity of the skeletal structures of these compounds with the struc- 
ture of the synthetic estrogen diethylstilbestrol (CCCIX). 


Recently, coumestrol (CCLXXXIX) and genistein (CXCIII) 
were shown to  compete with 170-estradiol (CLVI) for binding sites 
on a macromolecular component of the uterus from 6-day preg- 
nant rabbits. The binding affinity of these compounds was related 
to  their reported estrogenic potency; i .e.,  one part by weight of 
17P-estradio1, 70 of coumestrol, and 175 of genistein produced 
equivalent inhibition of the uptake in uitro of 3H-17P-estradiol by 
the uterine receDtor. Biochanin A (CCIII), formononetin 
(CLXIII), 4'-0-me~hylcoumestrol (CCXCI), sativol (CCXCVI), 
and medicagol (CCC) did not significantly inhibit 170-estradiol 
binding, suggesting that free hydroxyl groups in positions 7 and 12 


- YLiY 
1035, 1037 


Y 1427 
I -  


G lu. Rham 


CCCXIV: anethole CCCXV: anisole CCCXVI: asiaticoside 


CCCXVII: cafesterol 
OCH, 


CCCXVIII: deserpidine 
Structures of Additional Compounds Having Estrogenic Activity 
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H 


CCCXIX: diosgenin CCCXX: gibberellic acid 


OH 
I 


CCCXXI: phloretin CCCXXII: podocarpic acid 
Structures of Additional Compounds Having Estrogenic Activity 


CH c H 3 0 9 r - c H 3  3O 


OCH, 
CCCXXIV: demecolcine 


of coumestans and isoflavones are essential for effective interac- 
tion with the estrogen receptor. The 7- and 4'-methoxycoumestans 
and isoflavones tested appeared to  be proestrogens, able to bind to  
the uterine receptor only after 0-demethylation in uiuo (1029). 


The order or degree of the biological activity of each of the three 
main groups of natural estrogens has been investigated (1030). The 
sterol estrogens were found to be of the highest order of activity, 
followed by the coumestrols and then the isoflavones. The relative 
potency of each substance, tested by the mouse-uterine weight 
bioassay method, with genistein arbitrarily chosen as the reference 
substance, is given in Table XI. 


Other investigators studied the relative estrogenicity of the iso- 
flavones and coumestan-type compounds. Comparison of the es- 
trogenic activity of prunetin (CC), genistein (CXCIII), daidzein 
(CLIX), biochanin A (CCIII), and formononetin (CLXIII) led to 
the conclusion that the 5-hydroxyl group was essential for estro- 
genic activity (928). Genistein, biochanin A, and prunetin were es- 
trogenic, while daidzein and formononetin were devoid of activity. 
Coumestrol (CCLXXXIX) was found to be many times more ac- 
tive than any of the isoflavonoid derivatives when administered in- 
trarumenally to ovariectomized animals (1011). More recently, 
Leavitt and Meismer (999) reported that the relative estrogenic 
properties were in the order coumestrol > genistein > biochanin A 
> formononetin. 


In addition to the work mentioned previously, some studies 
(1031-1034) have shown that daidzein was the most active isofla- 
vonoid derivative in the mouse-uterine weight assay; biochanin A 
and genistein were of lesser but approximately equal activity, and 


OCOCH , 


CCCXXIII: vinblastine 


OCH, 
CCCXXV: podophyllotoxin 
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formononetin was essentially inactive. The other isoflavones listed 
in Table VII have not yet been examined for estrogenic activity, 
but they have been included because of potential estrogenic activi- 
ty. 


CYTOTOXIC AGENTS AS ANTIFERTILITY DRUGS 


Certain naturally occurring cytotoxic agents have been shown to  
elicit an antifertility effect in laboratory animals, either by local or 
systemic routes of administration (70, 1630,1631). For such a com- 
pound to be useful as an antifertility agent, it would have to be 
completely nontoxic, without teratogenic manifestation in margin- 
al doses, and 100% effective (70). A number of plant products have 
been shown to elicit varying degrees of antifertility activity due to  
cytotoxicity. For example, vinblastine (CCCXXIII) from Cathar- 
anthus roseus (Apocynaceae), when administered to rabbits, re- 
duced the percentage of normal fetuses a t  term to 0-33.3%; how- 
ever, there were three fetal abnormalities produced in a group of 
60 rabbits (70). An attempt was made to prevent this toxic effect 
by the concomitant administration of glutamic acid, which is 
known to prevent general toxic effects of vinblastine in mice. 
When administered prior to vinblastine, a 53.6% implantation rate 
was observed, with only 41.2% developing into normal fetuses (70). 


Demecolcine (CCCXXIV), derived from several Colchicum 
species (Liliaceae), appears to act directly on the fetus and not on 
the placenta. This alkaloid, in doses of 2-8 mg/kg sc, destroyed the 
fetuses of rabbits 13-16 days pregnant. The drug was less effective 
when given orally (70). One or two doses of 2.5 mghg  ip of deme- 
colcine given to pregnant rats destroyed all litters when given- be- 
tween Days l l  and 19 of gestation. Fetuses showed marked edema, 
ascites, and hemorrhagic staining of internal organs and skin 6-12 
hr after administration of the drug. No gross abnormalities were 
seen, but stunting was observed in a few surviving fetuses of rats 
treated with lower doses (70). 


Podophyllotoxin (CCCXXV), a lignan derived from Podophyl- 
lum species (Berberidaceae), was administered to mice as a single 
subcutaneous dose of 0.25 mg, either immediately after detection 
of a vaginal plug or 3, 6, 12, or 14 days thereafter. Pregnancy did 
not continue in animals treated 3 days or more after copulation. 
Administered within 24 hr after copulation, podophyllotoxin was 
only occasionally effective (1631). 


A number of plants listed in Tables I1 and I11 have a folkloric 
reputation as antifertility agents or have shown some degree of an- 
tifertility activity in laboratory animals. Table XI1 gives the names 
of those plants found in Tables I1 and I11 that are known to con- 
tain cytotoxic compounds, or crude extracts of which have shown 
cytotoxic or antitumor activity and thus could owe their antifertil- 
ity activity to this mechanism. Known cytotoxic agents are also in- 
dicated for each plant in Table XII. 


DISCUSSION 


It  can be seen in Table I11 that the effects, or lack thereof, of 
various plant extracts on the fertility of laboratory animals has 
been expressed in a number of ways by different workers. In the 
light of current knowledge concerning the reproductive cycles of 
the various laboratory species (uide supra), it sometimes has not 
been clear from the procedures and data reported by some workers 
as to how they arrived at  their conclusions that a particular mecha- 


nism was responsible for the antifertility effect produced by a 
given extract. Furthermore, lack of the use of control (vehicle- 
treated) animals in many studies leaves one to  guess what would 
have been the expected rate of successful pregnancies in. the 
strains and species used had no plant extract been administered. 
However, a clue was offered by Khanna et al. (103); in their esti- 
mation, an extract showing 100% “inhibition of implantation” had 
significant activity, one showing at  least 50% inhibition had en- 
couraging activity, and one showing less than 50% inhibition had 
no significant activity. 


With such criteria in mind, it can be seen that some plants listed 
in Table 111 do not appear to have antifertility activity in spite of 
the fact that many of these same plants have a folkloric reputation 
for having contraceptive activity (Table 11). If the fact that  species 
variability (uide supra) could be a t  least partly responsible for the 
lack of correlation is ignored, it may be considered possible that 
such a lack could be due at least partly to the testing procedures 
used. For example, as indicated in the footnote to Table 11, a num- 
ber of plants (including Calotropis gigantea, Carica papaya, 
Momordica charantia, Dendrocalamus strictus, Uraria lago- 
poides, Gloriosa superba, Piper longum, and Apium graueolens) 
have been stated to have antifertility effects although it is possible 
that their activity might more narrowly fall into the abortifacient 
or emmenagogic categories. The plants just named, however, when 
tested in animals, were never administered past the 7th day of 
pregnancy; that  is, they were administered until just barely beyond 
the time of implantation, probably not long enough to  test for any 
abortifacient effect other than a very early acting one. 


A few of the plants listed in Table I1 as having a folkloric repu- 
tation as antifertility agents are reported in Table I11 as having an- 
tiovulatory activity; these plants are Apocynum androsaemifol- 
ium, Asclepias haflii, and Hibiscus rosa-sinensis. Semecarpus an- 
acardium, Mallotus philippinensis, Ricinus communis, Abrus 
precatorius, and Plumbago zeylanica also are listed in both Ta- 
bles I1 and 111. These plants, however, apparently have not been 
tested for antiovulatory activity. As indicated in Table 111, extracts 
of these plants have been administered to animals following mat- 
ing and have been shown to  be ineffective in inhibiting pregnancy 
under these conditions, probably due to  a lack of interceptive ac- 
tivity and/or anti-implantational activity per se (vide supra). That 
these plants do not possess antifertility activity by means of an an- 
tiovulatory effect has not been shown. 


Scheme I suggests a means by which one may test for the various 
possible mechanisms of antifertility activity in the female mam- 
mal. If one merely wishes to  determine whether a given extract has 
contraceptive, interceptive, and/or abortifacient activity, the en- 
tire procedure can be carried straight through. If activity is dem- 
onstrated early in the scheme, obviously additional animals will be 
required to examine for later effects. As indicated earlier in this 
paper, a given compound may inhibit fertility by mare than one 
mechanism and/or a t  more than one site. The offshoots a t  the 
right of the scheme indicate the means by which further details 
concerning mechanism(s) of action may be elucidated. The rat, 
which appears to be the most commonly used test species, is the 
species indicated in Scheme I; other species, of course, have been 
and can be used, but variations among their reproductive cycles 
(Table I and Ref. 4) should be considered. 


I t  appears, then, that investigators interested in the further 


Table XII-Plants Whose Alleged or Demonstrated Antifertility Activity Could Be Explained on the Basis of Cytotoxicity 


Plant Name Cytotoxic Agent Reference 


Annonaceae 


Apocynaceae 
Annona squamosa 


Apocynum androsaemifolium 
Apocynurn cannabinum 
Catharanthus roseus 


Cerbera manghas 
Nerium indicurn 
Rauuolfia serpentina 
Theuetia peruuiana 


Cytotoxicity 


Cardenolides 
Apocannoside 
Vinblastine, vincristine, 
leurosine, leurosivine, 
rovidine, leurosidine 
Cardenolides 
Cardenolides 
Reserpine 
Cardenolides 


1640 


1632, 1633 
1634, 1635 
1636 


1632 
1632 
1671 
1632 


(continued) 
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Table XII-(Continued) 


Plant Name Cytotoxic Agent Reference 


Aristolochiaceae 
Aristolochia clematitis 
Aristolochia indica 
Asarum canadense 


Asclepias hallii 
Asclepias syriaca 
Marsdenia cundurango 


Podophyllum peltatum 


Lithospermum aruense 
Symphytum ofjicinale 


Artemisia sp. 


Capsella bursa-pastoris 
Raphanus sativus 


Citrullus colocynthis 
Cucumis sativus 
Ecballium elaterium 
Luffa cylindrica 
Momordica charantia 
Momordica tuberosa 


Arctostaphylos uva-ursi 


Euphorbia resinifera 
Excoecaria agallocha 
Jatropha curcas 
Mallotus philippinensis 
Stillingia sylvatica 


A brus precatorius 
Gleditsia horrida 
Phaseolus aureus 
Pisum satiuum. 
Psoralea corylifolia 


Liliaceae 
Asparagus officinalis 
Colchicum autumnale 


Loranthaceae 
Phoradendron flavescens 


Lythraceae 
Lawsonia inermis 


Malvaceae 
Gossypium herbaceum 


Menispermaceae 
Cissampelos pareira 
Stephania hernandifolia 


Myristicaceae 
Myristica fragrans 


Papaveraceae 
Chelidonium majus 


Polygonaceae 
Polygonum multiflorum 


Polypodiaceae 
Dryopteris filix-mas 


Punicaceae 
Punica granatum 


Ranunculaceae 
Aconitum napellus 
Paeonia sp. 


Rosaceae 
Sanguisorba officinalis 


Rutaceae 
Citrus aurantium 
Evodia rutaecarpa 


Santalaceae 
Santalum album 


Saxifragaceae 
Hydrangea arborescens 


Scrophulariaceae 
Digitalis lanata 
Rehmannia glut inosa 


Simaroubaceae 
Simarouba amara 


Solanaceae 
Solanum dulcarnara 


Umbelliferae 
Siler divaricatum 


Asclepiadaceae 


Berberidaceae 


Boraginaceae 


Compositae 


Cruciferae 


Cucurbitaceae 


Ericaceae 


Euphorbiaceae 


Leguminosae 


Aristolochic acid 
Aristolochic acid 
Aristolochic acid 


Cardenolides 
Cardenolides 
Cytotoxicity 


Podophyllotoxins 


Cytotoxicit y 
Cytotoxicity 


Sesquiterpene lactones 


C ytotoxicity 
Cytotoxicity 


Cucurbitacins 
Cytotoxicity 
Cucurbitacins 
Cucurbitacins 
Cucurbitacins 
Cucurbitacins 


Cytotoxicity 


Cytotoxicity 
Cytotoxicity 
Jatrophone 
C ytotoxicity 
Cytotoxicity 


Abrin 
Cytotoxicity 
Cytotoxicity 
Cytotoxicity 
Cytotoxicity 


Cytotoxicity 
Colchicine, demecolcine 


Cytotoxicity 


Lawsone 


Gossypol 


Cytotoxicity 
C ytotJxicity 


C ytotoxicity 


Protopine 


Cytotoxicity 


C ytotoxicity 


C ytotoxicity 


Cytotoxicity 
Cytotoxicity 


Cytotoxicity 


Cytotoxicity 
Cytotoxicity 


Cytotoxicity 


Cytotoxicity 


Cardenolides 
Cytotoxicity 


Cytotoxicity 


@-Solamarine 


Cvtotoxicitv 


1632, 1637 
1632, 1637 
1632, 1635,1637, 1638 


1632 
1632 
1639 . 


1632, 1641, 1642 


1635 
1643,1644 


1632 


1633 
1645 


1632,1646-1648 
1649 
1632,1646, 1647,1650 
1632.1646. 1648 
1639 
1632 


1667 


1646 
1651 
1662 
1652 
1635 


1653 
1654 
1640 
1655 
1654 


1633 
1656-1658 


1649,1659, 1660 


1651 


1659, 1661 


1663 
1656,1664 


1654 


1665 


1654 


1652 


1654 


1639 
1654,1666,1667 


1654 


1654 
1660 


1654 


1633 


1632 
1654 


1652 


1669 


1654 
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acclimatize singly housed rats to controlled lighting conditions (1-2 weeks) 
daily vaginal smears (10 days-2 weeks) should indicate normal estrous cyclicity 


begin daily dosing of virgin female rats with extract or vehicle 
daily vaginal smears (10 days-2 weeks) 


4 


I possible mechanisms for changes from normal: 
1. comification: estrogenicity I 2. leukocvtes: antiestrogenicitv 1 
3. centrai effect on hypothalamus and/or pituitary 


(antigonadotrophic) 
measure hormoni levels in serum and pituitary examine rats for ovulatdn (antiovulatory) 


lack of mating: lack of estrogen and/or progesterone due to peripheral antagonism or central inhibition 
(antigonadotrophic) 


I 
pair with proven breeder males; continue daily dosing of females and examination of vaginal smears 


occurrence of mating; continue dosing females Days 1-7; stop smears 
examine oviducts, ovaries, and uteri Days 1-7 for: 


--I 
1. occurrence of ovulation (contraceptive) 
2. occurrence of fertilization t- 3. alteration of ova tranmort I 


I 4. luteolytic effects } interceptive 5. cytotoxic effects on fertilized ova 


1 6. occurrence of implantation I (anti-implantational) 
continue dosing females until and including Dav 19 


no gain cn weight: contraception or interception 
bleeding, loss of weight gained: resorption } (abortifacient) I abortion 


J-* test extract for uterine stimulant activity 


4 
autopsy females on Day 20 


compare number of fetuses and/or implantation sites with number of corpora lutea of pregnancy (histologically) 
count number of normal (living), abnormal (living and nonliving), and/or resorbing fetuses and/or number of implantation sites 


on 20th day, cease dosing females not mating; continue housiT with males for 19 days; autopsy on 20th day 
I lack of matine: “Dermanent” sterilitv 


4 .  + 1 measure hormone levels in serum and pituitary examine pituitary histologically 
examine reproductive organs histologically 


Scheme I 


study of plants as a source of new antifertility agents should note 
certain data that have been presented herein. First, a proper dos- 
ing schedule (Scheme I) should be followed in the testing that will 
allow the investigator to detect plants, the activity of which may 
be caused by constituents having a mechanism of interest. Second, 
it is apparent from published data that many studies have lacked 
adequate controls; vehicle-treated animals should always be stud- 
ied concurrently so that the investigator can know the normal 
pregnancy rate for that particular strain and species of animal. 
Third, one should not rely on a single solvent extract for testing. 
For example, it has been shown in the case of Medicago satioa that 
the ether extract was estrogenic, that the chloroform extract was 
antiestrogenic, and that the acid-water extract interfered with 
seminal vesicle growth (141). In the case of Ocimum sanctum, the 
benzene extract showed 80% antifertility activity, the petroleum 


ether extract 60%, and the ethanol extract less than 50% (99). 
To separate plant material for testing into fractions of differing 


polarity, it seems that each plant should be extracted first with pe- 
troleum ether. The marc should then be extracted with either eth- 
aqol or methanol, with this extract being partitioned between chlo- 
roform and water. The resulting three extracts, i.e., petroleum 
ether, chloroform, and water, should then each be evaluated for 
antifertility effects; one should not rely on an evaluation of a single 
solvent extract alone. 


Finally, the plant names presented in Tables I1 and I11 have 
been examined and compared with the data presented in Tables 
IV-XII. From this comparison, we have deleted all plant names in 
Tables I1 and I11 that have also been found in Tables IV-XII. This 
new list of suggested plants to investigate for antifertility activity 
is presented in Table XIII. 


Table XIII-Plants Suggested to Be Reinvestiaated for Antifertilitv Activity 


Plant Name Plant Parta Reference 


Aizoaceae 
Trianthema pentandra 
Trianthema portulacastrum 


Achyranthes aspera 
A maranthus retroflexus 
Amaranthus spinosus 


Stenomesson variegatum 


Rhus trilobata 
Semecarpus anacardium 
Semecarpus stellata 


Artabottys odoratissimus 


Acorus calamus 
Anthurium tessmannii 
Arisaema atrorubens 
Ariasaema triphyllum 
Philodendron dyscarpium 


Amaranthaceae 


Arnaryllidaceae 


Anacardiaceae 


Annonaceae 


Araceae 


- 
- 


- 
PL 
- 


- 


LF 
RT, SD 
RT 


LF 


RT 
IF 
RZ 
RT 
IF 


192 
192 


192 
169 
171 


92 


92 
90, 103, 192 
92 


104 


91 
92,93 
92 
90,92 
92,93 


(continued) 
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Table XIII-(Continued) 


Plant Name Plant Part" Reference 


Urospatha antisylleptica 
Araliaceae 


Fatsia horrida 
Hedera helix 


Asclepiadaceae 
Marsdenia cundurango 


Basellaceae 
Basella alba 


Berberidaceae 
Epimedium alpinum 


Betulaceae 
Betula bhojpattra 


Bignoniaceae 
Dolichandrone falcata 


Boraginaceae 
Anchusa officinalis 
Borago officinalis 
Cordia dichotoma 
Cordia quarensis 
Echium uulgare 
Lithospermum aruense 
Lithospermurn croceum 
Lithospermum distichum 
Lithospermum latzfolium 
Lithospermurn officinale 
Lithospermum ruderale 


Symphytum o fficinale 


Tillandsia decornposita 


Buddleja asiatica 


Crataeua nuruala 


Lonicera ciliosa 


Dianthus superbus 
Vaccaria pyramidata 


Celastrus paniculatus 


Chenopodium album 


Terminalia catappa 


Aneilema scapiflorum 


Achillea millefolium 
Ambrosia artemisifolio 
Artemisia maritima 
Atractylis gummifera 
Chrysanthemum indicum 
Cnicus benedictus 
Echinops echinatus 
Eupatorium odoratum 
Franseria artemisioides 
Solidago odora 
Tanacetum umbelliferurn 


Cuscuta reflexa 


Crassula abyssinica 


Anastatica hierochuntica 
Brassica campestris 
Brassica nigra 
Isatis oblongata 
Lepidiurn satiuum 
Raphanus satiuus 


Dioscorea sativa var. 


Bromeliaceae 


Buddlejaceae 


Capparidaceae 


Caprifoliaceae 


Caryophyllaceae 


Celastraceae 


Chenopodiaceae 


Combretaceae 


Commelinaceae 


Compositae 


Convolvulaceae 


Crassulaceae 


Cruciferae 


Dioscoreaceae 


rotunda 
Ericaceae 


Arctostaphylos uua-ursi 
Rhododendron anthopogon 


Euphorbia neriifolia 
Euphorbia resinifera 
Euphorbia tirucalli 


Euphorbiaceae 


SP 


PL 
FR, FL 


BK 


RT 


LF, RT 


S B  
- 


P L  
P L  
FR 
RT 
P L  


PL, RT 


FS 


SB 


LF 


P L  
P L  


LF 
P L  


P L  
P L  


RT 


P L  


RT 
P L  
LF 


- 


- 


- 


- 


P L  
- 
- 
SD 
P L  


PL 
- 


TU 


P L  


RT 


- 


- 
- 


92,93 


169 
90,92 


171 


91 


90 


91 


192 


170 
169 
91 
90 
170 
90, 169 
169 
169 
169 
92,114,169, 188 
90,92,97, 111, 
112, 169, 180,188 
115 


92 


192 


91,92 


92,117 


120,121 
121 


192 


127 
90,169 


171 


171 


90 
169 
171 
92 
171, 192 
90, 169 
171 
90 
92 
171 
171, 192 


171,192 


98 


171,192 
171 
91, 171 
121 
171,192 
121 


90 


169 
171 


91 
192 
171,192 


~~~~~~ ~ 
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Table XIII-(Continued) 


Plant Name Plant Parta Reference 


Excoecaria agallocha 
Stillingia syluatica 


Frasera speciosa 


Bam busa arundinacea 
Chusquea ramosissima 
Dendrocalamus strictus 
Echinochloa frumentacea 


Garcinia morella 
Garcinia pedunculata 


Lycopus europaeus 
Lycopus lucidus 
Ocimum basilicum 
Ocimum sanctum 
Origanum majorana 
Rosmarinus officinalis 
Salvia plebeia 


Cinnamomum cassia 


Com bretodendron africanu 


Astragalus glycyphyllus 
Cassia lanceolata 
Clitoria ternatea 
Desmodium retroflexum 
Entada scandens 
Erythrinu uariegata var. 


occidentalis 
Gleditsia horrida 
Piliostigma thonningii 
Prosopis algarobilla 
Rhynchosia minima 
Sesbania sesban 
Vigna phaseoloides 


Aloe barbadensis 
Asagraea officinalis 
Asparagus acutifolia 
Asparagus officinalis 
Chamaelirium luteum 
Smilacina stellata 
Smilax bona-nox 


Phoradendron flauescens 


Magnolia uirginiana 


Hibiscus abelmoschus 
Hibiscus rosa-sinensis 
Hibiscus tiliaceus 
Sphaeralcea munroana 
Urena lobata 


Melastomataceae 
Memecylon amplexicaule 


Menispermaceae 
Curarea tecunarum 
Stephania hernandifolia 


Musaceae 
Ensete superbum 


M yristicaceae 
Myristica fragrans 
Virola sp. 


M yrsinaceae 
Embelia ribes 


Myrtaceae 
Metrosideros collina 


Oleaceae 
Jasminum multiflorum 


Palmae 
Cocos nucifera 
Licuala sp. 


Pandanaceae 
Pandanus tectorius 


Papaveraceae 
Argemone glauca 


Gentianaceae 


Gramineae 


Guttiferae 


Labiatae 


Lauraceae 


Lecythidaceae 


Leguminosae 


Liliaceae 


Loranthaceae 


Magnoliaceae 


Malvaceae 


m 


- 


RT 


PL 


RT 
YS 
LF 
- 


LF 
PL 
LF 
LF 
LF 
PL 


SB 


PL 


FR 


SD 


- 


- 


- 


FR 
RT 
RT 


FL, LF 
RT 


LF, FP 
SD 
FR 
FR 
PL 
RT, LF 
RT 


LF 


BK 


FL 
PT 
FL 
RT 
LF 


ST 
RZ 


SD 
- 


ST 


RT, PL 


LF 


SD, FJ 
RB 
~ 


PL, IF 


192 
171 


90,92 


91 
92 
108,192 
171 


192 
171 


115 
121 
92 
99 
90 
90.92. 115 
192 


192 


130 


132 
192 
121 
192 
90,92 
171,192 


137 
92 
92 ~~ 


192 
102, 171 
92 


102, 116,192 
171 
90,92 
90,92 
169 
90,92 
171 


90 


171 


92 
99. 171. 192 
92' ' 


92 
90,92,192 


171 


172 
102 


155 


192 
101 


91, 138 


105 


171 


90,92 
92 


171 


105, 121 


(continued) 
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Table XIII-(Continued) 


Plant Name Plant Parta Reference 


Phytolaccaceae 


Piperaceae 
Phytolacca decandra 


Piper latifolium 
Piper leptostachyum 
Piper longum 


Plantaginaceae 
Plantago lanceolata 


Polemoniaceae 
Phlox stamburyi 


Polygonaceae 
Eriogonum jamesii 
Polygonum hydropiper 
Polygonum multiflorum 


Asplenium adiantum-nigrum 
Dryopteris filix-mas 


Aconitum heterophyllum 
Aconitum napellus 


Geum macrophyllum 
Hagenia abyssinica 
Prunus emarginata 
Pyms comrnunis 
Quillaja saponaria 
Rubus idaeus 
Sanguisorba officinalis 


Adinia cordifolia 
Anthocephalus cadam ba 
Anthocephalus indicus 
Randia dumetorum 
Randia spinosa 
Rubia cordifolia 


Euodia rutaecarpa 
Citrus maxima 
Citrus medica 


Populus alba 


Santalum album 


Sapindus trifoliatus 


Hydrangea arborescens 


Lygodium dichotomum 


Castilleja angustifolia 
Rehmannia glutinosa 


Solanum nigrum 


Triumfetta bartramia 


Anethum SOW 
Carum carui 
Carum roxburghianum 
Cicuta maculata 
Ferula assa-foetida 
Leptotaenia reticulata 
Siler diuaricatum 
Trachyspermum rox burghianum 


Callicarpa macrophylla 
Clerodendrum phlomidis 
Clerodendrum serratum 
Gmelina asiatica 
Stachytarpheta jamaicensis 


var. indica 
Verbena hastata 
Vitex lagundi 
Vitex negundo 


Globba marantia 


Polypodiaceae 


Ranunculaceae 


Rosaceae 


Rubiaceae 


Rutaceae 


Salicaceae 


Santalaceae 


Sapindaceae 


Saxifragaceae 


Schizaeaceae 


Scrophulariaceae 


Solanaceae 


Tiliaceae 


Umbelliferae 


Verbenaceae 


Zingiberaceae 


- 


RT 


LF, RT, FR 


PL 


LF 


RT 
RT, PL 
PL 


- 


- 
RT, SD 


RT 
RT 


LF 
LF, ST 
WD 
SB 
BK 
LF 
PL 


LF 


LF, FL 
FR 
FR 
PL 


PL 


FR 


SB 


- 


- 


RT 


RT 


- 


PL 


FR 
SD, FR 
SD 
RT, RJ 
R 


PL 
- 


- 


PL 
RT 
SD, RB, RT 


171 


171 
171 
102, 138,171, 192 


90 


92 


90,92 
90, 157,158 
121 


90,92,171, 192 
90,92, 192 


91 
171 


92 
119,192 
92,117 
159 
171 
169 
90,121, 160 


161 
171 
91 
103 
91 
121 


121 
171 
91 


90,92 


192 


192 


171 


90,92 


92 
121 


192 


192 


91 
91,127 
91 
90,92 
138, 192 
171 
121 
17 1 


17 1 
17 1 
91 
17 1 
171, 192 


17 1 
92 
90,91,192 


92 


-BK = bark, FJ = fruit juice. FL = flower, FP = fruit pulp, FR = fruit, FS = flower stems. IF = inflorescence. LF = leaf, PL = whole plant, PT = petals. PX = aerial parts, R = resin. 
RJ3 = mt bark. R1 = mot juice. RT = m t ,  RZ = rhizome, SB = stem bark, SD = seed, SP = spadix. ST = stem, T U  = tuber. WD = wood, and YS = young stems 
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ADDENDUM 


Three recent papers have come to our attention since the compi- 
lation of data reported herein, which we believe should. be included 
in this review. 


Kapoor et al. (1673) tested extracts of Areca catechu; Carica 
papaya, Daucus carota, Mentha aruensis, and Polygonum hydro- 
piper, which had previously been reported to possess antifertility 
activity, for anovulatory effects in female rabbits. The only plants 
of this group showing anovulatory activity were the ethanolic ex- 
tract of M .  aruensis leaves and the petroleum ether extract of P. 
hydropiper roots. 


Similarly, various extracts and chromatographic fractions of the 
stems and leaves of Argemone mexicana, the seeds of C. papaya, 
the seeds of Lawsonia inermis, the leaves of M. aruensis, and the 
seeds of Sapindus trifoliatus were tested for antifertility activity 
in female albino rats (1674). The ethanolic extract of M .  aruensis 
leaves, as well as certain chromatographic fractions from a metha- 
nolic fraction of S. trifoliatus seeds, showed high degrees of anti- 
fertility activity. 


Petroleum ether and aqueous extracts of Curcuma longa (Zingi- 
beraceae) rhizomes exerted a 100% antifertility activity in rats a t  a 
dose of 200 mglkg; the effect was not due to anovulatory activity 
(1675). 
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Release of Corticoids from Oleaginous Ointment Bases 
Containing Drug in Suspension 


Z. T. CHOWHAN” and R. PRITCHARD 


Abstract 0 Simplified methods for studying the release of drugs 
suspended in oleaginous ointment bases were developed. These 
procedures were used in studying the release rates of two corti- 
coids, fluocinonide and flucloronide, from white petrolatum and 
petrolatum containing various adjuvants. A practical method for 
measuring drug solubilities was developed and used in determining 
solubilities of these corticoids in ointment bases. When using 
physical data obtained from model ointments, the release rates of 
drugs from modified ointment bases were predicted. Comparisons 
of the observed and predicted rates from ointments containing hy- 
drophobic adjuvants indicated the usefulness of the physical 
model approach in predicting the release rates. For ointments con- 
taining emulsifying agents, the simple model used did not provide 
useful predictions. 


Keyphrases 0 Fluocinonide-suspension, release from oleaginous 
ointment bases containing various adjuvants, model predictions 
0 Flucloronide-suspension, release from oleaginous ointment 


bases containing various adjuvants, model predictions 0 Ointment 
bases-release of corticoids in suspension Release rates-corti- 
coid suspensions from oleaginous ointment bases containing vari- 
ous adjuvants 


Percutaneous absorption involves two consecutive 
steps: the release of the drug from the vehicle and its 
subsequent penetration through the skin barrier. 


Generally, the latter step controls percutaneous ab- 
sorption, because it is the slower of the two events. 
The release of the drug from the vehicle rnay play an 
important role in percutaneous absorption when the 
drug solubility and its diffusion constant in the vehi- 
cle are very small. When the skin barrier is in a dam- 
aged state due to disease or injury, drug release from 
the vehicle then controls percutaneous absorption. 


Simplified equations describing the drug release 
from suspension- (1) and solution- (2) type vehicles 
have been in the literature for more than a decade. 
Numerous studies also have attempted to relate vehi- 
cle composition to observed changes in the in uitro 
release rate (3-9). Relatively little quantitative infor- 
mation appears in the literature corre1at:ing drug re- 
lease data with variations in physical parameters pro- 
duced by compositional changes in the formulations. 
In some cases, the drug release from the vehicles has 
been complicated by the use of a membrane barrier 
to separate the donor phase from the receptor phase. 
The use of dialysis membranes (3), filter membranes 
(4), membranes of animal origin (5,6,8), ,and dimeth- 
yl polysiloxane membranes (7) has been reported. 








Aqueous Mixture of Pyrrolidone-5-hydroxamic Acid- 
Iron (111) Complexes: Isolation and Characterization of 
Tris (pyrrolidone -5 - hydroxamato) iron (111) 


M. PECAR", N. KUJUNDZIC, B. MLINAREVIC, 
D. CERINA, B. HORVAT, and M. VERIC 


Abstract The published procedure for the synthesis of pyrroli- 
done-5-hydroxamic acid was improved. The acidity constant of the 
pyrrolidone-5-hydroxamic acid was determined as pKa = 8.65. In 
an aqueous solution of iron (111) ions, pyrrolidone-5-hydroxamic 
acid binds ferric ion, forming a mixture of mono-, bis-, and 
tris(pyrro1idone-5-hydroxamato)iron (111) complexes. These com- 
plexes were studied by potentiometric and spectrophotometric 
methods. The tris compound was isolated as dark orange-red crys- 
tals and identified according to elemental analysis and IR spectral 
data as ClsH21FeN609 - 6H20, having the magnetic moment of 
5.67 B.M. 


Keyphrases Pyrrolidone-5-hydroxamic acid-synthesis, acidi- 
ty, chelating properties (Pyrrolidone-5-hydroxamato)iron (111) 
complexes-synthesis, characterization, visible and IR spectral 
data, magnetic moment 0 Complexes-iron (111) with pyrrolidone- 
5-hydroxamic acid, synthesis, characterization, visible and IR 
spectral data, magnetic moment 


In spite of the great interest in iron (111)-hydroxa- 
mate complexes and their role in living systems (1-3), 
the data on heterocyclic aminohydroxamic acid-iron 
(111) complexes are rather scarce. Iron-containing hy- 
droxamic acids play a functional role in the metabo- 
lism of microorganisms (4), and some of them have 
been patented as metallotherapeutics (5 ) .  Free hy- 
droxamic acids are also of biological importance (1 ,2 ,  
6) and serve as antibiotics and bacteriostatics. Poly- 
vinylpyrrolidone is used as a substitute for blood 
plasma (7). Since hydroxamic acids and their iron 
(111) chelates are of great interest for pharmaceutical 
sciences (6, 8-11], pyrrolidone-5-hydroxamic acid 
and its iron (111) complexes have been chosen from 
the nitrogen heteropentacyclic hydroxamic acids as a 
model system. 


EXPERIMENTAL 


Chemicals-Pyrrolidone-5-hydroxamic acid and iron (111) com- 
plexes were prepared as subsequently described. All other chemi- 
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Scheme 1 


cals were of analytical reagent grade and were used without further 
purification. The water used in all experiments was distilled from 
aqueous acidified potassium permanganate solutions and stored in 
glass' containers. The methanol used contained about 0.04% water 
(determined by the Karl Fischer method). 


Preparation of Pyrrolidone-5-hydroxamic Acid (1)-The 
literature method (12) for the synthesis of I was modified as fol- 
lows. Glutaminic acid, 100 g (0.68 mole), was suspended in 750 ml 
of anhydrous methanol; dry hydrogen chloride gas was introduced 
through a glass pipe2, equipped with a sintered-glass filter, until 
white fumes appeared above the solution. Then 750 ml of metha- 
nol was added and refluxed for 3 hr along with bubbling of dry hy- 
drogen chloride gas. Special care was taken to ensure nonaqueous 
conditions during the entire procedure since water interferes with 
the main reaction. 


After removal of excess hydrochloric acid by evaporation under 
reduced pressure, the resulting oil-like liquid was diluted with 300 
ml of methanol. The addition of the chloroform solution of ammo- 
nia liberated the dimethyl ester of glutaminic acid and precipitat- 
ed ammonium chloride, which was filtered off. Methanol and chlo- 
roform were removed from the filtrate by distillation, and 95 g 
(1.36 mole) of hydroxylamine dissolved in methanol was added to 
the rest of the filtrate. 


The mixture was allowed to  stand in a refrigerator for 4 days. 
During that period, condensation as well as cyclization took place 
(Scheme I). The crystallized product was filtered, washed with cool 
methanol, and recrystallized from hot water; the total yield before 
recrystallization was 67 g (68%), mp 165.5-167.5O. 


Anal.-Calc. for CsHsNnOs (mol. wt. 144.14): C, 41.66; H, 5.59; 
N, 19.44. Found: C, 41.69; H, 5.35; N, 19.47. 


Preparation of Tris(  pyrrolidone-5-hydroxamato)iron (111) 
Complex-Ferric chloride hexahydrate, 1.35 g (0.005 mole), was 
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Figure 2-UV spectrum of 0.003 M I at pH 6.7, using 1-cm 
quartz cells. 
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Figure 1-IR spectrum of I. 
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Figure 3-NMR (60-MHz) spectrum of I in deuterated dimethyl sulfoxide. 


dissolved in 5 ml of water and mixed with 5 ml of solution contain- 
ing 2.16 g (0.015 mole) of I and 0.60 g (0.015 mole) of sodium hy- 
droxide. Acetone was then added slowly, with rigorous stirring, 
until the liquid over the resinous black mass turned colorless or 
pale yellow. The supernatant liquid was decanted from the solid, 
which was dried in air and finally vacuum desiccated at room tem- 
perature over phosphorus pentoxide, yielding 2.0 g (67%). 


Anal.-Calc. for C15H21FeN609 6H20 (mol. wt. 593.33): C, 
30.35; H, 5.60; Fe, 9.42; N, 14.17. Found: C, 30.47; H, 4.37; Fe, 9.43; 
N, 14.08. 


Physical Measurements3-To determine the acid strength of 
I, a potentiometric titration at 25O was performed and the pKa 
value of this acid was calculated from the plot of milliliters of 
base uersus pH. By assuming the activity coefficient of unity for 
the neutral hydroxamic acid species and calculating the activity 
coefficient (fa-) for the pyrrolidone-5-hydroxamate anion from 
the Debye-Huckel equation, /A- = -0.516, where p is ionic 
strength, the pKa value was found to be 8.65. 


RESULTS AND DISCUSSION 


Preparation and Characterization of I-The literature meth- 
od (12) for the synthesis was modified since it started with a 10- 
fold increase in the amount of the reactants and the reaction mix- 
ture was allowed to stand much longer for cyclization and conden- 
sation; more importantly, anhydrous conditions were ensured all of 
the time. Finally, it may be noticed that dry hydrogen chloride gas 
was introduced through a sintered-glass filter, thus forming a large 
amount of bubbles. These modifications resulted in a higher yield 
(68 uersus 52%) and a pure product. 


The IR spectrum (Fig. 1) shows the characteristic functional 
groups in the I molecule. The UV spectrum of this acid (Fig. 2) 
shows an absorption peak at 225 nm, which can be assigned to the 


:3 The pH and potentiometric measurements were erformed with a type 
MA 5701 ISKRA pH meter and a Radiometer type S&B2c/ABUlb/TTA3 ti- 
trigraph. IR spectra from 4000 to 400 cm-' were obtained using a Perkin- 
Elmer model 457 grating spectrophotometer and KBr disks. The polysty- 
rene spectrum was used for calibration. Proton magnetic resonance spectra 
were obtained with a Varian model T-60 NMR spectrometer. UV and visible 
spectra were obtained with a Opton PMQ I1 single-beam spectrophotometer 
and a Cary model 16K recording spectrophotometer equipped with quartz 
cells. Determinations of the magnetic susceptibility were made by means of 
the Gouy method. Elemental analyses were performed by the Research In- 
stitute of the Pharmaceutical and Chemical Works "Pliva," Zagreb. 


electronic transitions at  the keto groups in the I molecule. This ab- 
sorption peak is shifted to a longer wavelength in comparison with 
the analogous absorption maximum in the acetamide molecule a t  
208 nm (13), which suggests that the electron transfer in I takes 
place between closer *-energy levels than in the acetamide mole- 
cule. 


The NMR spectrum of I (Fig. 3) shows two peaks of multiplet 
structure a t  2.03 and 3.90 ppm, the first of which is exhibited by 
the four hydrogens of the two methylene groups and the second by 
a single proton attached to the ring carbon. The two other signals 
a t  7.76 and 9.80 ppm are assigned to the single hydrogen attached 
to the ring nitrogen and to the two hydroxylamine protons, respec- 
tively. The NMR spectrum of I is in agreement with its proposed 
structure. 


The acidity constant of I, pKa = 8.65, can be compared with the 
analogous values of benzhydroxamic acid, pKa = 8.79, and acethy- 
droxamic acid, pKa = 9.37 (14). The increase of acidity in the se- 
quence acethydroxamic acid < benzhydroxamic acid < I is in 
agreement with the fact that the pyrrolidone ring has a lower elec- 
tron-donating ability than the phenyl and/or the methyl groups. 
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Figure &-Absorption spectra of 0.0002 M FeCla and 0.002 
M I using 1-cm quartz cells at the following pH values: a ,  0.70; 
b,  1.25; c, 1.50; d, 1.72; e ,  1.87; f, 2.20; g, 2.80; h, 3.13; i, 
3.58; j ,  3.96; k, 4.42; 1, 5.00; m, 6.50; and n, 9.00. 
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Figure 5-Absorbance of 0.0002 M Fee l3  and  0.002 M I 
versus pH at different wavelengths, using 1-cm quartz cells. 


Aqueous Mixture  of Mono-, Bis-, and  Tris(pyrrolidone-5- 
hydroxamat0)iron (111) Complexes-The behavior of the solu- 
tion containing 2 X M ferric ions and 2 X lo-“ M I (mole ratio 
= 10) is represented in Fig. 4 over pH 0.70-9.00. Curve a,  corre- 
sponding to pH 0.70, is similar to that of ferric ion with the absorp- 
tion peak a t  335 nm. However, a new peak a t  500 nm appears, 
which probably indicates the formation of new absorbing species 
between the ferric ion and I .  The increase in pH up to 6.50 results in 
the disappearance of the 335-nm peak and a shift of the absorp- 
tion peak from 500 to 430 nm. This observation may suggest the 
formation of a t  least two absorbing species between the ferric ion 
and I. A further increase in pH causes a change of curve m (pH 
6.50) to curve n (pH 9.00), which is accompanied by the precipita- 
tion of ferric hydroxide. 


The pH dependence of the absorbance a t  several wavelengths of 
the solution with mole ratio = 10 is shown in Fig. 5 .  The appear- 
ance of the three peaks can be clearly recognized on each curve and 
may be tentatively assigned to the formation of the three different 
iron (111)-I species. The existence of these three different species is 
consistent with the visible color changes of the iron (111)-I solu- 
tion; a pH decrease or ferric-ion concentration increase turns the 
solution violet, a pH increase to approximately 4 changes the violet 
color to red, and further pH increases to the neutral and slightly 
basic regions or an increase in the concentration of I turns the orig- 
inal red color to a golden yellow. 


By following Job’s (15) method of continuous variation, the 
plots of the absorbance uersus iron fractions x, where x = [Fe]/ 
[Fe] + [I], show the maxima at  x = 0.5, 0.33, and 0.25. The as- 
sumption may be made that iron (111) forms complexes with I in 
the stoichiometric ratios of iron (111)-I of 1:1, 1:2, and 1 3 .  The aci- 
dic behavior of all three complexes is shown in Fig. 6, which shows 
potentiometric titration of the solution containing different I-iron 
(111) ratios of 1 (curve I), 2 (curve II), and 3 (curve 111). All three 
potentiometric curves intersect a t  the joint inflection point, show- 
ing the existence of the three neutral species of the possible formu- 


I 


1 2 3 4 5 
OH -/Fe + J  


Figure 6-Potentiometric titration of 0.002 M Feel3 contain- 
ing 0.002 M I (curue I), 0.004 M I (curue II) , a n d  0.006 M I 
(curue III) with 0.006 M NaOH.  


lation Fe(CsHiO:<N2)(0H)*, Fe(CSH703N&(OH), and Fe- 
(CsH7O:iNd:i. 


On the basis of these ohservations, the behavior of the iron (111)- 
I solution may be tentatively represented by Scheme 11. 


Fe+.’ + HC,H,O.,NI =+ Fe(C3H70,,N,)+’ + H+ 


Fe( CjH,O,,NI )+, + HC;H;O,,N, === Fe(CsH;0,jN2 ),+ + H+ 


Fe(C,H,O,,N,),+ + HC,H;O,,N, == Fe(C,H,O,,NI), + H+ 
Scheme I I  


Tris(pyrro1idone-5-hydroxamato)iron (111)-The IR spec- 
trum of the recrystallized product shows characteristic bands of I, 
including a rather broad band a t  3000 cm-’ due to the crystal 
water. 


The magnetic moment of tris(pyrro1idone-5-hydroxamato)iron 
(Ill) complex was 5.67 B.M.4, which is very close to the full high- 
spin value of 5.92 B.M. for the five unpaired electrons per iron 
atom. The measured value of 5.67 B.M. is in agreement with the 
figures for the other high-spin iron (111)-hydroxamato complexes, 
such as ferrichrome (5.68 B.M.), ferrioxamine A (5.73 B.M.), and 
ferrioxamine B (5.86 B.M.)(2). 


The spectral data and the elemental analyses given in the Ex- 
perimental section confirm the formulation as Fe(CoHiO:tN2):i . 
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Specific TLC Tissue Residue Determination of 
Sulfadiazine following Fluorescamine Derivatization 


CARL W. SIGELX, JOSEPH L. WOOLLEY, Jr., and CHARLES A. NICHOL 


Abstract A spectrodensitometric method for the direct determi- 
nation of sulfadiazine a t  the tissue residue level (0.1 ppm) is based 
upon the measurement of the fluorescence of a sulfadiazine-fluo- 
rescamine derivative formed directly on a TLC plate by dipping it 
into a fluorescamine solution. The linear dynamic range for the 
assay is about 150 from 200 to 0.2 ng, the lower limit of sensitivity. 
Recoveries from various spiked tissues including milk, eggs, liver, 
kidneys, muscle, skin, and fat varied with the tissue type but were 
reproducible. This assay technique has also been used for the assay 
of sulfamethoxazole and has been explored for use in specifically 
assaying sulfonamide mixtures. 


Keyphrases 0 Sulfadiazine-specific TLC tissue residue determi- 
nation following fluorescamine derivatization Fluorescamine- 
used to prepare sulfadiazine derivative, specific TLC tissue residue 
determination of sulfadiazine TLC-tissue residue determina- 
tion, sulfadiazine, fluorescamine derivatization 


The antibacterial activity of trimethoprim is po- 
tentiated by administering it with a sulfonamide (1). 
Investigation of the use of the combination’ of tri- 
methoprim with sulfadiazine for treatment of infec- 
tions in food-producing animals required the devel- 
opment of a method capable of determining sulfadi- 
azine tissue concentrations down to 0.1 ppm. Previ- 
ous work in this laboratory showed that quantitative 
TLC could be applied to the direct and specific de- 
termination of sulfamethoxazole extracted from plas- 
ma by measuring its absorbance on a silica gel plate 
(2). Although quite satisfactory for kinetic measure- 
ment of drug levels in body fluids, this procedure 
lacked the sensitivity needed for the determination 
of tissue residue levels of sulfadiazine. Therefore, 
derivatization on the TLC plate to form a fluorescing 
compound was considered as an alternative. Fluores- 
camine, which was first reported as a means of gener- 
ating a fluorescing derivative of primary amino acids 
(3), was tested. The reagent was used for detecting 
amino acids after TLC development, but the fluores- 
cing zones were not quantitated (4). 


’ ‘rribrissen. Cooper, Inc. 


Sulfonamides and fluorescamine can form fluores- 
cing derivatives directly on silica gel TLC plates, and 
the resulting zones can be quantitated using a scan- 
ning spectrodensitometer. These observations led to 
a sensitive and specific assay for sulfadiazine, which 
was applied to the determination of the drug at  tissue 
residue levels. Determination of other sulfonamides, 
singly and in combination, was explored and will be 
discussed. 


EXPERIMENTAL 


Thin-Layer Plates-Silica gel 60 plates without fluorescent in- 
dicator (20 X 20 cm, 0.25 mm) were used2. 


Solvents and  Solutions-All solvents were reagent grade’ and 
all were distilled before use. The tissue homogenization buffer was 
0.56 M sodium chloride, 0.01 M sodium phosphate dibasic, and 
0.0013 M sodium phosphate monobasic (pH 7.4). Solutions of sul- 
fadiazine (1.0 mg) in 100 ml of ethyl acetate and solutions of 
triethanolamine (1.25 ml) in 250 ml of chloroform were prepared 
each week. Fluore~camine~ (25 mg) was dissolved in 250 ml of ace- 
tone. The solution was used for derivatization of not more than 15 
plates and was not kept longer than 2 weeks. 


Instrumentation-Plates were spotted with an automatic spot- 
ters or by hand. Fluorescence was determined by scanning TLC 
plates with a spectrodensitometerf, using the reflectance mode and 
only the sample beam with a secondary cutoff filter a t  400 nm. Ex- 
citation was a t  290 nm for the sulfadiazine-fluorescamine deriva- 
tive, and total emission (above 400 nm) was determined using a 
density computer7. Peak areas were electronically integrated”, and 
standard curves were calculated using the method of least squares. 


Sulfadiazine Determination-Procedure for Milk and Mus- 
cle-In a stainless steel or glass cup kept a t  4O, tissue (10 g) was 
homogenized in saline phosphate buffer (15 ml) using a tissue ho- 
mogenizerg. After adjusting the.pH to  6.0 with 1 M phosphoric 
acid, an aliquot equivalent to 1 g of tissue was pipetted into a 
15-ml glass-stoppered centrifuge tube. The homogenate was ex- 
tracted with three 3-ml portions of ethyl acetate. The combined 


E. M. Lahoratories, Inc. 
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Fluram, Roche Diagnostics. 
Analytical Instrument Specialties Multi-spotter. 
Schoeffel model S D  3000 using a reflectance mode assembly. 
Schoeffel SDC 30. ” Autolah System IV. 
Virtis “45.” 
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Figure 6-Polygraph records showing, from below upward, 
the effects of himachalol and papaverine on blood pressure, 
mean femoral blood flow, and pulsatile femoral blood flow in an 
anesthetized cat. Key: A, control response to 0.25 ml of alcohol 
alone 30 see after intravenous injection; H ,  hypotension and  
increase in the mean and  pulsatile femoral blood flow 30 sec after 
intravenous injection of 5 mglkg of himachalol dissolved in 
0.25 ml of alcohol; and  P, marked hypotension and  increase in 
the mean and  pulsatile femoral blood flow following injection 
of papaverine (2 mg/kg iv). 


There is a qualitative difference in the effect of the two com- 
pounds on guinea pig bronchial muscle. Himachalol causes con- 
striction of bronchial muscle and papaverine causes relaxation. 
The constriction caused by himachalol cannot be blocked by pyri- 
lamine, an antihistaminic agent, and, therefore, it seems unlikely 
that the constriction is due to release of histamine (Fig. 5). I t  is 
also unlikely that pulmonary congestion caused by himachalol 
would bring about bronchoconstriction by diminishing air inflow 
through bronchial tubes since papaverine causes greater vasodila- 
tion but does not cause any increase in bronchial resistance. Bron- 
choconstriction probably is the result of a directly stimulating ac- 
tion of himachalol in some unknown way. 


Himachalol, like papaverine, produces systemic hypotension 
and peripheral vasodilation. The hypotensive effect is not mediat- 
ed by cholinergic or histaminic receptor sites since the hypotension 
remains unaffected following pretreatment with atropine and pyri- 
lamine. A stimulation of 8-adrenergic receptors by himachalol can 
also be ruled out due to the absence of any tachycardia or relaxant 
effect on the bronchial musculature. The hypotension is unlikely 
to be due to a cardiac effect either, since there is no significant ef- 
fect on heart rate in intact animals and only a mild inhibitory ef- 
fect on the isolated auricle. The hypotension, therefore, appears to 
result mainly from a decrease in the peripheral resistance due to 


Possible Antineoplastic Agents I 


A. U. DEX and D. PAL 


Abstract 0 A few thalidomide and glutarimide derivatives were 
synthesized. Several compounds possessed significant antineoplas- 
tic activity against Ehrlich ascites carcinoma in Swiss albino mice. 


Keyphrases 0 Thalidomide derivatives-6-alkyl-2-[3’- or 4’-ni- 
trophthalimido]glutarimides synthesized and screened as possible 
antineoplastic agents 0 Glutarimide derivatives-6-alkyl-3- 
phenylglutarimides synthesized and screened as possible antineo- 
plastic agents 0 Antineoplastic agents, potential-synthesis and 
screening of thalidomide and glutarimide derivatives 


The teratogenic effect of thalidomide (2-phthali- 
midoglutarimide, I) has been well established in hu- 
mans and animals (1). To account for this manifesta- 


vasodilation caused by a direct relaxant action on the vascular 
smooth muscle. 
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tion, Faigle et al. (2) isolated a number of suspected 
metabolites of thalidomide and showed them to be 
derived from D-glutamic acid, an unnatural amino 
acid, in place of L-glutamic acid, the natural amino 
acid. They also pointed out the similarity between 
N -  (0- carbobenzoxy1)glutamic acid, a metabolite of 
thalidomide, and folic acid. All of these observations 
led them to conclude that the metabolites of thalido- 
mide might act as vitamin antagonists or antimetabo- 
lites. Since then, a number of claims and counter- 
claims on the antiglutamine, antifolic, and antivitam- 
in activities of thalidomide have been made, the ob- 
jective being to utilize thalidomide as a possible an- 
tineoplastic agent. 
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I1 R 


gC> + 
COOH COOH X 


VIIIU: X = H IX 
VIIIb: X = 3-NO, 
VIIIC: X = 3-NO- 


111 
R X a : X = H  


xb: X = 3'-N02 
XC: X = 4'-NO, 


OCH 
I 


X I u : X = H  
XIb: X = 3'-NO, 
XIC: X = 4'-NO, 


V VI 


I 


R 
VII 


DISCUSSION 


The teratogenic activity of thalidomide has been viewed by 
many as the manifestation of its cytostatic activity and has been 
tested against a wide variety of experimental tumors including 
Ehrlich ascites, carcinoma, sarcoma, HeLa cell cancer, myeloma, 
and lymphoma (3-13). Although the results have not been very en- 
couraging, thalidomide has been reported to limit the manifesta- 
tion and growth of certain tumors. It has also been shown to pos- 
sess a specific antiproliferative effect (4) necessary for their arrest. 


These observations are not unexpected, because Pastac (14) 
pointed out the analogy between the growth regulators of plant 
tissues and those of animals. In the former case, the growth regula- 
tors are derived from phthalic acid and naphthylamine, while in 
the latter thalidomide is derived from phthalic acid and glutamic 
acid. It was also observed (15) that folk acid-dependent embryolo- 
gical tumors might be susceptible to thalidomide. Besides this, 
there are two significant similarities between thalidomide and sev- 
eral alkylating agents. Thalidomide and these alkylating agents 
cause teratogenesis (16); furthermore, these alkylating agents, in 
general, alkylate DNA (17), whereas thalidomide acylates DNA 
and RNA in the fetus (18). 


Although work with thalidomide as a possible antineoplastic 
agent is abundant, its derivatives have not been investigated ex- 
tensively. This situation prompted the synthesis and biological 
evaluation of a few derivatives (11-IV). Derivative I1 was chosen to 
bring about changes both in the phthalimide and glutarimide por- 
tions of the original molecule, while derivatives of types 111 and IV 
include a sulfonamide group either in the straight chain or cyclic 
part of the molecule so as to result in appreciable antineoplastic 
activity. 


The antineoplastic antibiotics, cycloheximide and streptovitacin 
A, like thalidomide, are characterized by the presence of a glutari- pyx* 


0 ( 1  0 
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Table 111-2- 13'- or  4'-Nitrophthal- '' ( '( 


imido]glutaric Anhydrides (XI) ?; 


x Ia H 195-197" 76 
XIb 3'-Nitro 213-215 " 64 
XIC 4'-Nitro 221-223" 60 


R 
11 


Scheme I 


mide moiety in their structures. Therefore, the synthesis and bio- 
logical evaluation of a few derivatives of the types V-VII were also 
undertaken. 


This article describes the synthesis and activity of 11 and V; the 
synthesis and activity of other derivatives will be communicated 
subsequently with molecular orbital indexes calculated and a re- 
gression model built on the glutarimide moiety for the quantitative 
structure-activity relationships in this class of compounds. 


EXPERIMENTAL 


Chemistry-Phthalic anhydride and its 3- and 4-nitro deriva- 
tives (VIII) (19) were condensed with glutamic acid (IX) in the 
presence of pyridine to the diacids (X)  and subsequently treated 
with acetic anhydride to furnish the anhydrides (XI) (20). Conver- 
sion of the diacids ( X b  and Xc)  to the corresponding anhydrides 
(XIb and XIc) was accomplished under mild conditions to avoid 
unnecessary decomposition. Attempts to remove any excess pyri- 
dine and acetic anhydride under reduced pressure with heating re- 


XII 


Q fi0 
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R N H ,  - 0 J0 R 
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Table IV- 6-Alkyl-2- [3'- or 4'-nitrophthalimido]glutarimides (11) I< 


Com-  
pound R 


Analysis, % Yield, Melt ing Boiling - x % Poin t  Po in t  Fo rmula  Calc. F o u n d  


IIU 


116 


IIC 


IId 


IIe 


IIf 


Irk! 


IIh 


IIi 


Ha 


Methylb 


Ethylh 


n-Propyl 


n-Butyl 


n-Pen t y l  


n-Hexyl 


H 


H 


H 


H 


H 


H 


H 


H 


H 


3'-Nitro 


4 '-Nitro 


70 


42 


46 


60 


64 


60 


65 


30 


27 


258-260" 


131-133" 


75-77 " 


66-68' 


29-31 O 


19-21' 


34-36' 


262-264" 
dec. 


dec. 
278-280" 


_ .  C i3HioN204 C 60.47  
H 3 . 8 8  
N 10.85 


CiJf1zNz04 C 61.76  
H 4 . 4 1  
N 10.29 


_. C I ~ H I ~ N Z O I  C 62.94 
H 4 . 9 0  
N 9 . 7 9  
C 64.00  
H 5 . 3 3  
N 9 . 3 3  


C 1 CH i &no I 


135-137'/ C ~ H I J ' J Z O I  C 64.97  
H 5 . 7 3  
N 8 . 9 2  


110-112"/ CixHmN204 C 65.85  
H 6 . 1 0  


2 mm 


1 mm 
N 8 . 5 4  


100-102"/ C~DHZZNZOJ C 66.67  
0 . 9  mm H 6 . 4 3  


N 8 . 1 9  
- C i SH oN306 C 51.49 


H 2.97  
N 13.86  


- Ci ,H : ~ T S O ~  C 51.49 
H 2 . 9 7  
N 13.86 


60 .81  
4 . 3 2  


10.57 
62 .12  
4 . 8 8  


10.70 
62.57 
5 . 2 7  
9 . 4 3  


63 .82  
5 . 2 7  
9 . 3 2  


65 .01  
6 . 2 2  
8 . 5 6  


66.28 
6 . 4 5  
8 . 7 2  


66 .62  
6 . 9 1  
8 . 3 1  


51 .13  
3 . 4 1  


14.18 
51.24 


3 . 3 5  
13.84 


n Lit. (24) mp 271° and (261 mp 244'. b Purified hy sublimation. 


sulted in considerable decomposition and, consequently, were 
avoided. 


The anhydrides (XI) were treated with ammonia (21) or the re- 
spective amines to give the desired imides (11) (Scheme I). Conver- 
sion of the anhydrides (XIb and XIc ) to the corresponding imides 
(IIh and 111') with ammonia was accomplished with considerable 
decomposition, lowering the yield appreciably. 3-Phenylglutaric 
acid (XII) (22) was converted to 3-phenylglutaric anhydride (XIII) 
with acetic anhydride (19) and subsequently treated with ammo- 
nia (21) and various amines to furnish the desired imides (V) (23) 
(Scheme 11). 


Biological Evaluation-Several groups of Swiss albino mice, 
each containing five healthy animals of the same sex and approxi- 
mately the same age and body weight (18-20 g), were selected a t  
random and kept in different cages under identical conditions. 
One group served as the control; the others were the test groups. 


The mice were marked by cutting the fur a t  different parts of 
the body, with individual weights being recorded at the same time. 
Ehrlich ascites carcinoma cells, collected from the donor mice, 
were suspended in sterile isotonic saline, and the number of living 
cells per milliliter of this suspension was counted. A fixed number 
of the viable cells was implanted into the intraperitoneal cavity of 
each mouse. In this instance, the tumor cells multiplied relatively 
freely and ascites developed. A day of incubation was allowed to 
establish the disease before drug administration. 


From the 2nd day of transplantation up to the 8th day, a suit- 
able dose of the drug suspension, usually 50 mg/kg ip in buffered 
isotonic saline (pH 7.2), was injected to the test groups. The weight 
of each mouse was recorded every alternate day to assess the toxic- 
ity, activity, and other specificity of the screening program. Thus, 
seven consecutive doses were administered. On the 9th day, food 
and water were withheld for 6 hr before the testing operation start- 
ed. 


Fluid from the peritoneal cavity of each mouse of both the con- 
trol and test groups was drawn by a sterile syringe, diluted to a 
suitable volume with sterile ice-cold isotonic saline, and preserved 
in an ice bath. The total number of living cells per milliliter of 
fluid of each mouse was separately counted with trypan blue indi- 
cator; only the dead cells took the stain. The individual weight of 
each animal was recorded before sacrificing. The peritoneal cavity 


was dissected and the fluid was sucked by cotton or filter papers; 
the weight of each mouse after sacrifice was recorded. 


The evaluation of test compounds was made by comparing the 
cell counts and tumor weights of the test groups with those of the 
control. Mitomycin was used as a standard in these tests a t  a dose 
of 1 mg/kg in buffered isotonic saline (Tables I and 11). 


Activity-Antineoplastic potency of the synthesized com- 
pounds (I1 and V) is recorded in Tables I and 11. Significant activi- 
ty was observed. In the thalidomide series, appreciable activity was 
observed in the n- h e y 1  (IIg) and nitro (IIh and IIi)  derivatives 
based on live cell counts and tumor weights as the activity parame- 
ters. In the glutarimide series, maximum activity was observed in a 
simple and known compound (Va ). The other significantly active 
compounds in this series were the methyl, ethyl, n- propyl, and n- 
butyl derivatives (Vb-Ve). 


Syntheses'-2-[3'- or 4'-Nitrophthalimido]glutaric Anhy- 
drides (Xh and XIc)-A suspension of the anhydrides (VIIIb and 
VIIIc, 20 mmoles) and L-glutamic acid (IX, 20 mmoles) in dry pyr- 
idine (12 ml) was refluxed on an oil bath for about 6 hr. Only the 
clear solution was transferred, by decantation, to a conical flask. 
Acetic anhydride (9 ml) was added to this clear solution. The solu- 
tion was refluxed on a very low flame for 10 min or heated on a 
water bath for 1 hr and kept in the cold overnight. The anhydride 
crystals were filtered and washed with ether to give the product. 
The anhydrides were crystallized from dry ethyl acetate (Table 
111). 


2- [3'- or 4'-Nitrophthalimido]glutarimides ( I I  h and IIi)-The 
appropriate anhydride (XIb or XIc)  was heated at about 220-240' 
in an oil bath until it melted. Then dry ammonia gas was bubbled 
through the molten mass for about 15 min and the whole mass be- 
came tarry. The mass was cooled and crystallized from 90% etha- 
nol with charcoal treatment, yielding 27-30% (Table IV). 
6-Alkyl-2-phthalimidoglutarimides (IIb-ZIg)-A mixture of 


2-phthalimidoglutaric anhydride (XIa, 1 mole) and the corre- 
sponding amine (1.2 moles) was heated in a sealed tube for 8 hr in 
an oil bath at 210-220°. The imides were purified by sublimation 


All melting points are uncorrected. 
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Table V- 6-Alkyl-3-phenylglutarimides (V) \o 


Analysis, % 
Com- 
pound R Yield, % Melt ing Po in t  Fo rmula  Calc. F o u n d  


Va H 85 173-174’ C1 iHiiNOz C 69.84 70.12 
H 5.82 6.23 
N 7.41 7.29 


Vb Methy l  64 138-140” CiPHiINOi C 70.94 71.32 
H 6.40 6.71 
N 6.90 7.25 


Vc E t h y l  62 86- 88 O CisHiP02 C 71.89 71.58 
H 6.91 7.30 
N 6.45 6.76 


Vd n-Propyl 72 104-106° C I ~ H I ~ N O ~  C 72.73 73.02 
H 7.36 7.48 
N 6.06 6.17 


Ve n-Butyl 76 112-114’ C i5H I ,NOz c 73.47 73.81 
H 7.76 7.45 
N 5.71 5.38 


n-Pentyl  72 79-81 O C ~ G H ~ N O ,  C 74.13 74.49 
H 8.11 8.43 


V f  
N 5.41 5.42 


n-Hexyl 68 88-90’ Ci7HuNOz C 74.71 74.89 
H 8.42 8.26 


Vg 


N 5.13 4.87 
Vh Pheny l  70 188-190’ C17Hi&”z C 76.98 76.63 


H 5.66 6.02 
N 5.28 5.33 


or by crystallization from water or dilute ethanol or were distilled 
in VQCUO (Table IV). 


6-AlkyG3-phenylfilutarimides (V)-Dry ammonia gas was 
bubbled through the molten :bphenylglutaric anhydride (XIII) to 
furnish the irnide ( V Q ) .  A mixture of the anhydride (XIII, 1 mole) 
and the respective amine (1.2 moles) was heated in a sealed tube 
for 8 hr in an oil bath a t  150-160’ to furnish the crude imides 
(Vb-Vh) ,  which were purified by crystallization from water or di- 
lute ethanol with charcoal treatment (Table V). 
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(100 ppm) favored the formation of the more energetic calcium ox- 
alate dihydrate, apparently by lowering the energy needed for the 
formation of this form. It was found that calcium oxalate dihy- 
drate formed in the presence of pyrophosphate is identical to the 
bipyramidal octahedral calcium oxalate dihydrate crystals ob- 
tained from the urine of chronic stone formers (12). The results 
obtained in silica gel are important for two reasons: 


1. They emphasize the importance of environmental conditions 
on crystal morphology and growth rate of calcium oxalate crystals. 


2. They show that i t  is possible to  grow a single crystal of calci- 
um oxalate dihydrate identical to those encountered in uiuo. 


In the gelatin gel system described, calcium oxalate grew in a 
completely different manner. Figure 3 shows the concretion found 
in the gelatin gel after 6 days and a surface profile illustrating the 
organization and orientation of the calcium oxalate crystallites in 
these aggregates. In this system (unlike silica gel), gelatin offered a 
suitably structured substrate on which calcium oxalate crystals nu- 
cleated and developed such an oriented pattern. The presence or 
absence of pyrophosphate or magnesium ions in the gel did not in- 
fluence either the pattern of growth or the proportion of the calci- 
um oxalate aggregates formed. This growth phenomenon indicates 
that the gelatin matrix and its protein moiety were capable of con- 
trolling the nucleation, growth, and orientation of calcium oxalate 
crystals. 


Like silica gel, gelatin gel provided a favorable growth support- 
ing medium on which the slowly diffusing calcium and oxalate ions 
nucleated; but by virtue of the stereospecificity of its nucleating 
sites, calcium oxalate crystals developed in the gelatin into such a 
degree of organization. The obtained results add experimental evi- 
dence for the important role of protein-structured substrate in dic- 
tating growth and specific orientation in the formation of calcium 
oxalate concretions. They also support Gebhardt’s (13) assumption 
that epitaxial nucleation of stone components on suitably struc- 


tured substrate (e.g., collagen fibers) is the primary factor in stone 
formation. 
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Synthesis of 
(4-Quinolinoamino) aminoalkyltetrahydronaphthalene 
Derivatives for Possible Antimalarial Activity 


I. NABIH”, S. ISMAIL, and M. NASR 


Abstract 0 (4-Quinolinoamino)aminoalkyltetrahydronaphtha- 
lene derivatives were synthesized in an attempt to introduce new 
agents with antimalarial activity. 


Keyphrases (4-Quinolinoamino)aminoalkyltetrahydronaph- 
thalene derivatives-synthesized and screened for antimalarial ac- 
tivity 0 4-Aminoquinoline compounds-synthesized and screened 
for antimalarial activity 0 Antimalarial activity-(4-quinolinoami- 
no)aminoalkyltetrahydronaphthalene derivatives 


Compounds of the 4-aminoquinoline type still play 
a major role in the treatment of malaria. The devel- 
opment of resistance by some strains to most of the 
present antimalarials gave the initiative for several 
trials of new chemotherapeutic agents that may over- 
come this problem. In tropical countries where ma- 
laria eradication activities are still lacking, the provi- 
sion of effective chemoprophylaxis and treatment 
represents a major problem. 


DISCUSSION 


In previous articles (1, 2), the synthesis and biological activity of 
a new compound 4-(7-chloro-4-quinolylamino)-2-diethylami- 
nomethyl-5,6,7,8-tetrahydro-l-naphthol (I) were described. 
Structurally, the compound is related to 4-aminoquinoline and 
bears a substituted tetrahydronaphthalene (tetralin) system as a 
side chain. The rationale for including the tetralin system is that it 
may undergo metabolic transformation to a naphthoquinone type 
of structure. 


Derivatives of this type have shown considerable antimalarial 
activity. They appear to  act by inhibiting the respiration of plas- 
modia (3). New compounds that would structurally include both 
the nitrogen heterocycle and a naphthoquinone structure might be 
useful as antimalarials, since the resistance of the parasite to one 
should not imply resistance to the other because both act through 
different mechanisms. 


Biological studies based on the response to the product by Plas- 
modium berghei in mice revealed that oral doses of I at  5-100 
mg/kg are curative. In addition, the agent proved to give complete 
protection against later exposure to massive infection by the para- 
site through subcutaneous application (2), thus providing effective 
chemoprophylaxis beside chemotherapeutic activity. 


460 /Journal of Pharmaceutical Sciences 







Iv 


XI 


The present work illustrates the synthesis of new compounds of 
the 4-aminoquinoline type, incorporating the tetrahydronaphtha- 
lene system whereby a diamino side chain is located a t  different 
positions on the aromatic part. In these structures the OH group 
on the aromatic part of the tetralin system was not included in 
order to investigate the biological significance for the presence of 
the phenolic OH on this part of the molecule. 


Thus, it was decided to synthesize compounds structurally rep- 
resented as IV, VIII, and XI. Reduction of 2-amino-3-nitro-5,6,7,8- 
tetrahydronaphthalene with stannous chloride and concentrated 
hydrochloric acid a t  about 150' gave 2,3-diamino-5,6,7,8-tetra- 
hydronaphthalene (11) (4). Condensation of I1 with 4,7-dichloro- 
quinoline gave 2-N-(7-chloro-4-quinolylamino)-3-amino-5,6,7,8- 
tetrahydronaphthalene (III). When I11 was reacted with P-dieth- 
ylaminoethyl chloride, it gave 2-N-(7-chloro-4-quinolylamino)-3- 
(~-diethylaminoethylamino)-5,6,7,8-tetrahydronaphthalene (IV). 


Condensation of I-amino-3-nitro-5,6,7,8-tetrahydronaphthalene 
(V) with 0-diethylaminoethyl chloride gave 1-(P-diethylami- 
noethylamino)-3-nit~o-5,6,7,8-tetrahydronaphthalene (VI). Cata- 
lytic reduction of VI using 5% palladium-on-charcoal gave 1@- 
diethylaminoethylamino) - 3 - amino - 5,6,7,8-tetrahydronaphtha- 
lene (VII). On condensation with 4,7-dichloroquinoline, VII gave 
1 - (0 - diethylaminoethylamino) - 3-N-(7-chloro-4-quinolylamino)- 
5,6,7,8-tetrahydronaphthalene (VIII). 


Condensation of V with 4,7-dichloroquinoline gave 1-N- (7- 
chloro - 4 - quinolylamino) - 3 - nitro - 5,6,7,8 - tetrahydronaph- 
thalene (IX). Catalytic hydrogenation of IX (5% palladium-on- 
charcoal) gave l-N-(7-chloro-4-quinolylamino)-3-amino-5,6,7,8-te- 
trahydronaphthalene (X). Treatment of X with diethylaminoethyl 
chloride yielded 1-N- (7-chloro-4-quinolylamino)-3-(~-diethylami- 
noethylamino)-5,6,7,8-tetrahydronaphthalene (XI). 


EXPERIMENTAL' 


Compound 11-Compound I1 was prepared through reduction 
of 2-amino-3-nitro-5,6,7,8-tetrahydronaphthalene with stannous 
chloride and concentrated hydrochloric acid to give XXXVI, mp  
135' [lit. (4) mp 136'1. 


Compound 111-A mixture of 1 g (0.00617 mole) of I1 and 1.22 g 
(0.00617 mole) of 4,7-dichloroquinoline was refluxed in 10 ml of 
ethanol for 10 hr. Then this mixture was cooled and treated with 
ammonium hydroxide (25%) solution, and the precipitated prod- 
uct was filtered and recrystallized from ethanol to give 1.6 g (80% 
yield) of 111, mp 300'; IR: 720 (Ar-Cl), 1590 (C=N), and 3250 
(NH) cm-I. 


Melting points were taken in open capillary tubes with a Gallenkamp 
electric melting-point apparatus and are uncorrected. The IR spectra were 
recorded with a Carl Zeiss Infra-cord spectrophotometer, model UR 10. Mi- 
croanalyses were performed by the microanalytical laboratory, National Re- 
search Center, Cairo, U.A.R., and the Spang Microanalytical Laboratory, 
Ann Arbor, Mich. 


Anal.-Calc. for C1gH17ClN3: C, 70.81; H, 5.28; C1, 10.87. Found: 
C, 70.53; H, 5.55; C1, 11.01. 


Compound IV-A mixture of 1 g (0.00308 moie) of I11 and 0.417 
g (0.00308 mole) of B-diethylaminoethyl chloride was refluxed in 
10 ml of ethanol for 10 hr. Then the reaction mixture was cooled 
and treated with 25% potassium hydroxide solution. The formed 
precipitate was recrystallized from ethanol to give 1.2 g of IV (91% 
yield), mp 180'; IR: 720 (Ar-Cl), 1590 (C=N), and 3250 (NH) 
cm-I. 


Anal.-Calc. for C25H31ClN4: C, 71.10; H, 7.34; C1, 8.41. Found: 
C, 71.03; H, 6.95; C1,8.81. 


Compound V-Compound V was prepared by reduction of 1,3- 
dinitro-5,6,7,8-tetrahydronaphthalene with sodium sulfide and so- 
dium bicarbonate, mp 77' [lit. (4) mp 78'1. 


Compound V I L A  mixture of 1 g (0.0052 mole) of V and 0.7 g 
(0.0052 mole) of 0-diethylaminoethyl chloride was refluxed in 10 
ml of ethanol for 10 hr. The reaction was then cooled and treated 
with 25% ammonium hydroxide solution, the mixture was concen- 
trated and then extracted with ether, the residual oil remaining 
after distillation of the ether was dissolved in absolute ethanol, 
and a stream of dry hydrogen chloride was allowed to pass in the 
solution. A hygroscopic hydrochloride was formed. The product VI 
was identified as the picrate, which melted after recrystallization 
from dilute ethanol a t  128'; I R  3340 (NH) and 3010 (cyclohexyl) 
cm-I. 


Anal.-Calc. for C16H25N302 CeH~N307: C, 50.58; H, 5.74; N, 
16.09. Found: C, 50.75; H, 5.78; N, 16.10. 


Compound VII-A mixture of 2 g (0.00686 mole) of VI (dis- 
solved in 30 ml of absolute ethanol) and 0.3 g of 5% palladium-on- 
charcoal was hydrogenated. The solvent was concentrated, the 
charcoal was filtered, and a dry stream of hydrogen chloride was 
allowed to pass through the filtrate. A hygroscopic hydrochloride 
formed. 


Product VII was identified as the picrate, which melted after re- 
crystallization from dilute ethanol a t  124-125O; I R  3340 (NH), 
3017 (cyclohexyl), and 3300 (NH2) cm-I. 


Anal.-Calc. for C16H27N3 - ~ ( C ~ H ~ N ~ O T ) :  C, 47.63; H, 4.76; N, 
17.14. Found: C, 47.31; H, 4.57; N, 17.20. 


Compound VIII-A mixture of 1 g (0.00383 mole) of VII and 
0.758 g (0.00383 mole) of 4,7-dichloroquinoline was refluxed in 10 
ml of ethanol for 10 hr. The reaction mixture was neutralized with 
25% ammonium hydroxide solution, and the formed precipitate 
was filtered and recrystallized from ethanol to give 1.5 g (93% 
yield) of VII, mp 115-117'; IR: 720 (Ar-Cl), 1590 (C=N), and 250 
(NH) cm-I. 


Anal.-Calc. for C25H31ClNd: C, 71.10; H, 7.34; C1, 8.20. Found: 
C, 71.41; H, 7.12; C1,7.89. 


ComDound IX-A mixture of 1 B (0.00258 mole) of V and 1.02 g 
(0.00258 mole) of 4,7-dichloroquinkine was refluxed in 10 ml of 
ethanol for 10 hr. The reaction mixture was cooled and treated 
with 25% potassium hydroxide solution, and the formed precipi- 
tate was filtered and recrystallized from ethanol to give 1.5 g (85% 
yield) of IX, mp 129-130'; IR: 720 (Ar-C1) and 250 (NH) cm-'. 


Anal.-Calc. for CI9H1&1N302: N, 11.89; C1, 9.91. Found: N, 
11.85; C1, 10.18. 


Compound X-A mixture of 5 g (0.013 mole) of IX (dissolved in 
100 ml of absolute ethanol) and 0.5 g of 5% palladium-on-charcoal 
was hydrogenated. The catalyst was filtered, and the solvent was 
concentrated. The formed precipitate was recrystallized from eth- 
anol to give 4 g (85% yield) of X, mp 182-184'; IR: 720 (Ar-CI) 
and 3250 (NH) cm-'. 


Anal.-Calc. for C1gH18ClN3: C, 70.58; H, 5.57; C1, 10.83. Found: 
C, 70.30; H, 5.61; C1, 10.51. 


Compound XI-A mixture of 1 g (0.00308 mole) of X, 0.4 g 
(0.00308 mole) of XLIV, and 0.4 g (0.00308 mole) of b-diethylami- 
noethyl chloride was refluxed for 7 hr. The formed precipitate was 
isolated and recrystallized from ethanol t o  give 1.1 g (77% yield) of 
XI, mp 300' dec.; I R  720 (Ar-Cl), 1590 (C=N), and 3250 (NH) 
cm-I. 


Anal.-Calc. for (C25H31ClN4 - HC1)2H20: C, 64.34; H, 7.06; CI, 
15.20. Found: C, 64.13; H, 6.84; C1, 14.99. 


Biological Testing-Compounds IV, VII, and XI were submit- 
ted to biological testing. The test was based on the evaluation of 
response of P. berghei in mice (5). The compounds were tested by 
oral and subcutaneous routes, and none of the compounds showed 
any activity a t  the tolerated levels. 
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These findings suggest that the presence of the naphtholic OH 
group, as in I, is still necessary for biological activity within this 
group. Apparently, due to the possibility of chelation with the cat- 
ions necessary for the metabolic functions of the parasite, the oxy- 
gen of this group and the nitrogen of the neighboring side chain 
may contribute in the cation complex formation. 
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Synthesis and Biological Properties of 
Alkyl Esters of Polyene Antibiotics 


T. BRUZZESEx, M. CAMBIERI, and F. RECUSANI 


Abstract Several new alkyl esters of polyene antibiotics were 
prepared by an improved general procedure, and their toxicity and 
microbiological activity were tested. Some of these alkyl esters 
were more active than the nonesterified polyenes against Candida 
albicans but were less effective than the known methyl esters. 
Their toxicity was much less than that of the parent compounds. 


Keyphrases Polyene antibiotics, alkyl esters-synthesis, anti- 
fungal activity Antifungal agents-synthesis and testing of alkyl 
esters of polyene antibiotics 


The first attempt to reduce the toxicity of the 
macrolidic polyenes consisted of reacting the amino 
groups to give the corresponding N-acyl derivatives 
(1, 2), but these compounds were shown to be less ac- 
tive than the original antibiotics so chemotherapeutic 
employment was out of the question. 


Since most natural polyenes have amphoteric char- 
acteristics, a new approach blocking the carboxyl 
group was developed and the first derivative, partri- 
cin methyl ester, was more active and less toxic than 
the parent antibiotic (3, 4). The methyl esters of 
other polyenes also gave good results (5,6). 


To continue this research, some homologous alkyl 
esters were prepared to determine whether other fac- 
tors, such as the structure of the substituent group, 
could influence the biological activity of these poly- 
ene derivatives. The compounds were prepared by al- 
lowing the natural polyene to react with excess dia- 
zoalkane in the presence of ammonium hydroxide or 
other organic bases; surprisingly, the polyenes 
formed fewer by-products and thus biologically more 
active esters when in a basic medium. 


The esterification of the carboxyl was confirmed 
by IR and NMR spectra, while TLC (Table I) on sili- 
ca gel confirmed the quality of the products. 


The polyepe esters are pale-yellow to dark-yellow 
solids, which are practically insoluble in water, alkali, 


and the usual organic solvents and are very soluble in 
dimethyl sulfoxide, 2-methoxyethanol', and pyridine. 
The UV spectra show the typical absorbance pat- 
terns of the initial heptaenes and tetraenes (7). 


All compounds were tested for their antifungal ac- 
tivity and acute toxicity in mice (LD50); the results 
are reported in Table I in comparison with the parent 
substances and the known methyl esters. Since par- 
tricin is also active against protozoa, its esters were 
tested for their antitrichomonal activity in a prelimi- 
nary manner. 


EXPERIMENTAL 


General Procedure of Synthesis-Concentrated ammonium 
hydroxide (0.5 ml) and then a 1.5% solution of diazoalkane in ether 
(10 ml) were added dropwise with stirring to a solution of polyene 
antibiotic (1 g) in dimethyl sulfoxide (20 ml). The mixture was 
kept a t  room temperature for 3 hr, and then ether (200 ml) was 
added to give a pasty solid. The precipitate was treated with ace- 
tone-ether, giving a high yield of the required ester. 


TLC-TLC was carried out on silica gel2 60 F ~ M ,  using butanol- 
ethanol-acetone-32% ammonium hydroxide (2:5:1:3) as eluent and 
detecting the spots by exposure to UV light. 


Antifungal Activity-The compounds were tested against 
Candida albicans, strain 2003. The test strain was cultured in Sab- 
ouraud medium4 for 18 hr at 36O and diluted to 10% transmittance 
a t  580 nm. Then about 0.15 ml of the diluted test strain was inocu- 
lated in 100 ml of Sabouraud medium so that the final test tubes 
contained lo6 cells. 


The substances were dissolved in dimethyl sulfoxide and serially 
diluted with sterile distilled water; 0.5 ml of each dilution was 
added to 4.5 ml of the inoculated broth, and all tubes were incu- 
bated for 24 hr a t  36O. The results are reported as the minimum in- 
hibitory concentration (MIC), i.e., the lowest concentration of 
polyene antibiotic a t  which no visible growth was observed. 


Acute Toxicity-The approximate LD50 was determined in 
groups of five female Swiss mice, 20-24 g. The compounds were 


' Methyl cellosolve. 
Merck. 
Societb Prodotti Antibiotici collection 
Difcco. 
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Release of Corticoids from Oleaginous Ointment Bases 
Containing Drug in Suspension 


Z. T. CHOWHAN” and R. PRITCHARD 


Abstract 0 Simplified methods for studying the release of drugs 
suspended in oleaginous ointment bases were developed. These 
procedures were used in studying the release rates of two corti- 
coids, fluocinonide and flucloronide, from white petrolatum and 
petrolatum containing various adjuvants. A practical method for 
measuring drug solubilities was developed and used in determining 
solubilities of these corticoids in ointment bases. When using 
physical data obtained from model ointments, the release rates of 
drugs from modified ointment bases were predicted. Comparisons 
of the observed and predicted rates from ointments containing hy- 
drophobic adjuvants indicated the usefulness of the physical 
model approach in predicting the release rates. For ointments con- 
taining emulsifying agents, the simple model used did not provide 
useful predictions. 


Keyphrases 0 Fluocinonide-suspension, release from oleaginous 
ointment bases containing various adjuvants, model predictions 
0 Flucloronide-suspension, release from oleaginous ointment 


bases containing various adjuvants, model predictions 0 Ointment 
bases-release of corticoids in suspension Release rates-corti- 
coid suspensions from oleaginous ointment bases containing vari- 
ous adjuvants 


Percutaneous absorption involves two consecutive 
steps: the release of the drug from the vehicle and its 
subsequent penetration through the skin barrier. 


Generally, the latter step controls percutaneous ab- 
sorption, because it is the slower of the two events. 
The release of the drug from the vehicle rnay play an 
important role in percutaneous absorption when the 
drug solubility and its diffusion constant in the vehi- 
cle are very small. When the skin barrier is in a dam- 
aged state due to disease or injury, drug release from 
the vehicle then controls percutaneous absorption. 


Simplified equations describing the drug release 
from suspension- (1) and solution- (2) type vehicles 
have been in the literature for more than a decade. 
Numerous studies also have attempted to relate vehi- 
cle composition to observed changes in the in uitro 
release rate (3-9). Relatively little quantitative infor- 
mation appears in the literature corre1at:ing drug re- 
lease data with variations in physical parameters pro- 
duced by compositional changes in the formulations. 
In some cases, the drug release from the vehicles has 
been complicated by the use of a membrane barrier 
to separate the donor phase from the receptor phase. 
The use of dialysis membranes (3), filter membranes 
(4), membranes of animal origin (5,6,8), ,and dimeth- 
yl polysiloxane membranes (7) has been reported. 







When a membrane is used in the in uitro release ex- 
periment, it may be difficult to explain the data using 
simple physical relationships. The membrane might 
alter the release rate profiles due to physical interac- 
tions with the drug molecule. 


The purpose of this investigation was to develop 
relatively simple experimental procedures for 
studying the drug release from ointments. The solu- 
bility of the drugs in ointment bases was determined 
using data from the effective ointment-water parti- 
tioning experiments. The physical parameters deter- 
mined for model ointments were used to  predict the 
release rates of the modified ointments. Comparisons 
of the observed and predicted rates were expected to 
elucidate understanding the physical processes im- 
portant in the release of drugs from ointments. 


EXPERIMENTAL 


Materials-Materials for the preparation of ointments were 
used as received from the manufacturers. The ointment base was 
white petrolatum', base number six (USP). The adjuvants were 
Amerchol CABZ, glyceryl stearate3, beeswax4, cetyl alcohols, stea- 
ryl alcohol5, coconut fatty acid6, glycerol monolaurate6, glycerol 
monostearate', hexadecyl alcohol8 (cosmetic grade), hexadecyl 
stearates (cosmetic grade), lecithinlo, polysorbate 6011, sorbitan 
monostearatelz, soya fatty acid6, stearic acid6, and wool alcohol13 
(lanolin, anhydrous, USP). The solvents used were reagent grade 
chlor~form'~ and methylene chloride1s and spectrograde anhy- 
drous methanol14 and dioxaneL6. 


Procedures-Preparation of Ointments-Several methods for 
making ointments where the drug is uniformly suspended in the 
form of fine particles in the external phase were considered. The 
most commonly used procedure, in which the ointment ingredients 
were mixed together and the melt was cooled while mixing, pro- 
duced a supersaturated solution of the drug in the ointment base. 
Approaching equilibrium solubilities from a supersaturated solu- 
tion of corticoids in ointments was found to be a slow process. Be- 
sides supersaturation, heating produced some degradation of the 
corticoids unless the conditions were carefully controlled. Mechan- 
ical incorporation of the corticoid in the ointment base was also 
tried. The small quantities of the ointments needed for these ex- 
periments and the low drug concentration (50 pglg) made it diffi- 
cult mechanically to incorporate the drug uniformly. 


For obtaining uniform suspensions and attaining equilibrium 
solubilities without degrading the drug, the following procedure 
was developed and used throughout this investigation. The ra- 
dioactive and cold fl~ocinonide'~ and flucloronidels were coprecip- 
itated from methylene chloride in a polypropylene beaker4. Con- 
tact of the ointments with glass surfaces was avoided, because 
these steroids adsorb onto glass surfaces. One gram of white petro- 
latum and a sufficient quantity of chloroform were added to the 
coprecipitated mixture to dissolve the drug and the white petrola- 
tum completely. The solvent was then removed under a stream of 
nitrogen gas. 


Pennsylvania Refining Co., Butler, Pa. 
American Cholesterol Products, Edison, N.J. 
Atmul84, ICI. 
Van Waters & Rogers, Brisbane, Calif. 


Emery Industries, Fatty Acid Divisi6n, Los Angeles, Calif. 
Armour Industrial Chemical Co., Chicago, Ill. 
Enjay Chemical Co., New York, N.Y. 


9 Wilson, Martin, Division of Wilson and Co., Inc., Philadelphia, Pa. 
lo Reheis Chemical Co., Chicago, Ill. 
l1 Tween 60, Atlas Chemical Industries. 
l2 Span 60, Atlas Chemical Industries. 
l 3  Malmstrom Chemical Corp., Linden, N.J. 
l4 Mallinckrodt Chemical Works, St. Louis, Mo. 
l6 J. T. Baker Chemical Co., Phillipsburg, N.J. 
l6 Matheson, Coleman and Bell, Los Angeles, Calif. 
l7 6a,9a-Difluoro-16a-hydroxyprednisolone 16aJ7a-acetonide 21-acetate, 


lS 6~-Fluoro-9a,ll~-dichloro-16a,l7n,21-trihydroxypregna-l,4-diene-'3, 
20-dione 16,17-acetonide, Syntex Research, Palo Alto, Calif. 


6 Ashland Chemical Co., Division of Ashland Oil, Columbus, Ohio. 


Syntex Research, Palo Alto, Calif. 


Figure 1-Apparatus used in  studying the release of drugs 
from an ointment layer containing suspended drug. Key: A, 
constant-temperature w t e r  bath; B, 250-ml beaker; C, Teflon 
dish; D, layer of ointment; E, sink; F, 5.0 X 0.9-cm (2 X 0.37- 
in.) magnetic stirring bar; and G, synchronous motor. 


All traces of solvent were removed by keeping the petrolatum 
stock suspension in vacuum for 5-7 days with occasional mixing by 
means of a spatula. The ointments were prepared from the petro- 
latum stock suspension and had the following composition: 0.05% 
corticoid, 5% adjuvant, and 95% white petrobturn. These oint- 
ments were well mixed with a spatula and allowed to equilibrate a t  
room temperature before performing a release experiment. 


Drug Release-The apparatus for studying drug release from 
ointments is shown in Fig. 1. It consisted of a Teflon dish [outer di- 
ameter 5.0 cm (2 in.)], which was allowed to float in 100 ml of dis- 
tilled water in a 250-ml beaker. The water was stirred with a Tef- 
lon-coated magnetic stirring bar, which was driven by a synchro- 
nous motor a t  60 rpm placed at the bottom of a water bath. The 
beaker was kept in a constant-temperature water bath maintained 
at  25'. 


A t  the end of equilibration time, 300 mg of ointment was evenly 
spread in a thin layer at the bottom surface of a Teflon dish. Tef- 
lon served to hold the ointment layer because of similar surface 
properties. A t  zero time the dish was lowered onto the surface of 
water. This allowed direct contact between the donor ointment 
layer and the receptor phase. One-milliliter samples were with- 
drawn from the sink as a function of time and added to the liquid 
scintillation vials. To the latter, 15 ml of a liquid scintillation cock- 
tail consisting of 50 mg of dimethyl 1,4-bis[2-(methyl-5-phenyloxa- 
zolyl)]ben~ene'~, 7 g of 2,5-diphenylo~azole'~, 50 g of naphtha- 
leneI5, 200 ml of methanoll4, and 800 ml of dioxaneI6 was added. 
The radioactive counts were measured by a liquid scintillation 
counterz0. The volume of the receptor phase was kept constant 
throughout the release run by replacing the removed sample with 
an equal volume of distilled water. 


Partition Coefficient-For determining the ointment-water ef- 
fective partition coefficient of the drug, the placebo ointments 
were prepared by melting the petrolatum and the adjuvant togeth- 
er and allowing them to cool to 25". Exactly 2 g ointment was 
spread on the internal sides of a 50-ml polypropylene beaker. The 
radioactive drug was dissolved in distilled water, and 50 ml was 
added to the beaker. The aqueous solution was stirred with a Tef- 
lon-coated magnetic stirring bar, using a synchronous motor at 60 
rpm placed under a water bath. The beaker was kept in a constant- 


19 Arapahoe Chemicals, Division of Syntex Corp., Boulder, Colo 
M Unilux 11, Nuclear Chicago, Chicago, Ill. 
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Table I-Apparent Diffusion Constants of Fluocinonide 
and Flucloronide Calculated from Observed Release 
Rates and  Apparent Solubilities after Equilibrating the  
Ointments for Different Times 


Equilib- Apparent 
rium Diffusion 


Time, Constant, 
Ointment Composition days cm2 sec - l  


Petrolatum, 95% 23 2 . 3  X lo-" 
Fluocinonide. 0 .05% 42 1.8 X lo-" 
Wool alcohol, 5% 9 2 . 2  x 10-11 


Coconut fa t ty  acid, 5 % 9 6.86 X lo-" 
Fluocinonide, 0.05% 42 5.19  X lo-" 
Petrolatum, 95% 23 5 . 7 5  x 10-11 


Beeswax, 5% 9 0 .77  x 10-11 


Fluocinonide, 0.05 % 42 I .  22 x 10 -11 


Petrolatum, 95% 23 0.88 X lo-" 
Cetyl alcohol, 5% 9 1 . 1  x 10-11 
Petrolatum, 95% 23 1 . 4  X lo-"  
Fluocinonide. 0 .05% 42- 1 . 0  x 10-11 
Wool alcohol; 5 %  5 0.15 x 10-9 
Petrolatum, 95% 19 0 .18  x 10-9 
Flucloronide, 0 .05% 33 0.15 x 10-9 
Coconut fa t ty  acid, 5% 10 1 . 6 9  x 10-9 
Petrolatum, 95% 29 1.61 x 10-9 
Flucloronide. 0 . 0 5 %  39 1.11 x 10-9 
Beeswax, 5 %  5 0.68 X 10-a 
Petrolatum, 95% 19 0.72 x 1 0 - 9  
Flucloronide, 0 .05% 33 0.74 x 10-9 
Cetyl alcohol, 5 %  5 0 .82  x lo-$ 
Petrolatum, 95 % 19 0.40  x 10-9 
Flucloronide, 0 .05% 21 0.57 x 10-9 


temperature water bath at 2 5 O  until equilibrium was reached. One- 
milliliter samples were withdrawn from the aqueous phase and an- 
alyzed radiochemically. 


THEORETICAL 


An equation relating the amount of drug release from an oint- 
ment base containing drug in suspension to time and variables of 
the system was derived by Higuchi (1): 


Q = V m  (Eq. 1) 


where Q equals the amount of drug released at time t per unit area 
of exposure, Co equals the concentration of drug expressed in units 
per cubic centimeter, CSo equals the solubility of the drug as units 
per cubic centimeter in the external phase of the ointment, and D 
equals the diffusion constant of the drug molecule in the external 
phase. 


In deriving the equation, it was assumed that: (a) the suspended 


1 2 3 4 5 6 7 
4 H O U R S  


Figure 2-Results of flucloronide release from oleaginous oint- 
ments prepared from white petrolatum. Key  ( in cmZ/sec) : 
0, Batch I ,  run 1 ,  D = 2.68 x 10-9; a, Batch I ,  run 2, D = 
3.32 X 1O-O; @ ,  Batch I ,  run 3, D = 2.48 X and 0, 
Batch 11, run 1, D = 2.60 X l o p 9 .  
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Figure 3-Results of fluocinonide release frorn oleaginous 
ointments, showing the effect of the addition of various adjuvants 
to petrolatum. Empty and solid symbols represent data from 
two differentruns. Key:  0, 0,5% hexadecyl alcolwl; A, A, 5% 
wool alcohol; ., 0, 5% Amerchol CAB;  and V, V, 5% beeswax. 


drug is in a fine state such that the particles are much smaller in 
diameter than the thickness of the applied layer; (b) the amount of 
drug, Co, present per unit volume is substantially g:reater than C,, 
the solubility of the drug per unit volume of the vehicle; and (c) 
the surface area to which the drug ointment is applied is immisci- 
ble with respect to the ointment and constitutes a perfect sink for 
the released drug. 


Equation 1 may be rewritten to relate the percent drug release 
to time and variables of the system: 


where R is the percent drug release, and h is the thickness of the 
ointment layer. 


The homogeneously dispersed drug particles should be in equi- 
librium with the drug in solution in the external phase of the oint- 
ment. Supersaturation or undersaturation of the drug in the exter- 
nal phase of the ointment might result, depending upon the manu- 
facturing procedure. If the drug has not reached equilibrium with- 
in the ointment, different release profiles could result from the 
same ointment. When the initial concentration of the drug in the 
ointment is very low, changes in concentration due to nonhomo- 
geneity or any other reason could also result in dil'ferences in re- 
lease profiles. In light of these variables, release profiles showing 
the effect of adjuvants would have little meaning unless all of these 
factors have been accounted for. 


Commonly used methods of determining the solubility of a drug 
in a liquid solvent cannot be used for solubility determinations in a 
semisolid ointment. For nonionic drugs that do not associate to 
form, for example, dimers in one of the two phases and for which 
the activity coefficients can be assumed to he unity in each phase, 
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Figure 4-Results of fluocirwnide release from oleaginous oint- 
ments, showing the effect of the addition of various adjuvants to 
white petrolatum. Empty and solid symbols represent data from 
two different runs. Key: 0, 0, 5% coconut fatty acid; M, 0, 
5% glyceryl stearate; and  V, V, 5% glyceryl monostearate. 


the partitioning of the solute may be expressed in terms of the 
ratio of the concentrations in the two phases: 


K = A  C 
C" (Eq. 3) 


where K is the partition coefficient, and Co and C, are the drug 
concentrations in the oil and aqueous phases, respectively. 


When the amount of solute added is sufficiently small, the parti- 
tion coefficient is relatively independent of the concentration. For 
solutes obeying Henry's law in each phase, changes in solute con- 
centration would be expected to produce small changes in the par- 
tition coefficient. For these systems the effective partitioning of 
drugs near saturation between the two immiscible phases, such as 
ointment and water, can be expressed by: 


where K. is the effective partition coefficient; A0 and A, are the 
amounts of drug in the ointment and in the aqueous phase, respec- 
tively; A,' is the initial amount of drug in the water; and Wo and 
W, are the weights of the ointment and water, respectively. 


Since the effective partition coefficient relates to the drug con- 
centration in the two phases near saturation, the apparent solubili- 
ty of the drug in an ointment can be determined from experimen- 
tal drug solubility in water using: 


C: = K,C," (Eq. 5 )  


where CSo is the apparent solubility in the ointment, and C," is the 
drug solubility in water. 
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Figure 5--Results of fluocinonide release from oleaginous 
ointments, showing the effect of the addition of various adju- 
vants to petrolatum. Empty and  solid symbols represent data 
from two different runs. Key: 0, 0, 5% glyceryl monolaurate; 
A, A, 5% stearic acid; W, 0,5% lecithin; and  V, V, 5% cetyl al- 
Cohol. 
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Figure 6-Results of flwcimnide release from oleaginous 
ointments containing white petrolatum and adjuvants. Empty 
a n d  solid symbols represent data from two different rum. Key: 
A, A, 5% Amerchol CAB + 2% sorbitun monostearate; e, 
0 , 5 %  soya fatty acid; M, 0, petrolatum base six only; and  7, 
V, 5% stearyl alcohol. 


RESULTS AND DISCUSSION 


To determine the time required for reaching equilibrium solu- 
bilities of flucloronide and fluocinonide in different ointment 
bases, release runs were carried out after equilibrating the oint- 
ments for different time intervals. The apparent diffusion con- 
stants were calculated from the apparent drug solubilities in the 
ointments and the experimental release rates for each equilibrium 
time point. These data, given in Table I, indicate that the appar- 
ent solubility of the drugs had reached equilibrium as early as 5 
days after preparation. 


The results of flucloronide release from white petrolatum, show- 
ing the reproducibility of the experiment using the same ointment 
and using different ointments, are given in Fig. 2. These results in- 
dicate a lag time in all cases. Higuchi (1) pointed out that the ini- 
tial lag time, L, corresponding to the time necessary for establish- 
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Figure 7-Scatter diagram of the observed and calculated re- 
lease rates of fluocinonide from Type I modikd  ointment bases. 
The line is the estimated regression line Y = 1.3461X - 
0.0540 for solid circles. 
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Table 11-Parameter Values Determined from the Release and Partitioning Data of Fluocinonide for Ointments 
Prepared from Petrolatum and the Listed Adjuvants Using Eqs. 2 and 4 


~~ ~ 


Calculated Release Observed Release 
K .  C.0, r d m l  Rate, % / dG Rate, %/dG Adjutrant 


Type  1 
Hexadecyl alcohol, 5 % 
Beeswax, 5% 
Stearyl alcohol, 5% 
Cetyl alcohol, 5% 
Stearic acid, 5% 
Hexadecyl stearate, 5% 
Soya fa t ty  acid, 5 % 
Coconut fa t ty  acid, 5% 


Glyceryl 
monostearate, 5% 


G1 ycer yl 
monolaurate, 5 % 


Wool alcohol, 5% 
Amerchol CAB, 5 % , + 


sorbitan monostearate, 
2% 


Amerchol CAB, 5%, + 
polysorbate 60, 2% 


Lecithin, 5% 
Glyceryl stearate, 5% 
Amerchol CAB, 5% 
None (petrolatum only) 


Type  11 


10.61 
1.01 
0.96 


4.46 
0.42 


0.308 
0.094 
0.092 
0.105 
0.090 


0.360 
0.049 
0.050 
0.047 
0.094 


0.103 
0.134 


0.045 


0.121 


0.167 
0.131 


- 


0.40 
0.52 
0.38 


1.25 
0.91 
1.26 
1.37 
1.21 


0.53 
0.57 
0.51 


0 .lo6 
0.110 
0.104 


0.28 


2.87 


6.85 
0.81 


0.12 


1.21 


2.88 
0.34 


0.050 


0.160 


0.248 
0.085 


2.81 


11.50 
0.63 


1.18 


4.83 
0.26 
0.36 
0.16 


0.158 


0.321 
0.074 
0.087 
- 


0.071 
0 -066 


0.86 
0.39 


0.083 
0.058 


ment of a quasistationary state would generally be less than: are given in Table 11. The plots of percent fluocinonide release uer- 
sus square root of time are given in Figs. 3-6. Table I1 also gives 
the observed and calculated release rates of fluocinonide in various 
ointment bases. The calculated release rates were (obtained from 
Eq. 2 using the apparent solubilities of the modified ointment 
bases and the diffusion constant of the drug molecule in pure pet- 
rolatum. 


A comparison of the observed and calculated release rates for 
ointments containing hydrophobic adjuvants (Type I) is given in 
Fig. 7. The correlation between the two rates was very good ( r  = 
0.96). However, an examination of the observed and calculated 
rates (Table 11) for ointments containing mainly emulsifying 
agents (Type 11) indicated that knowledge of the calculated release 
rates offers little help in predicting the observed rates ( r  = 0.34). 


Table 111 gives the effective partition coefficient data and appar- 
ent solubilities of flucloronide in ointments containing various ad- 
juvants. The observed and calculated release rates of flucloronide 


(Eq. 6) 


where CY is the mean distance between the suspended particles, D is 
the diffusion constant of the drug in the external phase of the oint- 
ment, and n is the order of 2 or 3. The derivation of Eq. 1 assumed 
the particulate distance to be extremely small for the model sys- 
tem relative to the layer thickness, and thus the lag time was ex- 
pected to be very short in comparison to the depletion period. The 
lag time seen in the present study may be explained on the basis of 
this assumption. It could be primarily due to the experimental dif- 
ficulty in producing a suspension of fine particles containing 0.05% 
drug. Since the steady-state flux is reflected in the slope, any lag 
time seen in this study was neglected. 


The effective partition coefficient data and the apparent solubil- 
ities of fluocinonide in ointments containing different adjuvants 


Table 111-Parameter Values Determined from the Release and  Partitioning Data of Flucloronide for Ointments 
Prepared from Petrolatum and t h e  Listed Adjuvants Using Eqs. 2 and 4 


Calculated Release Observed Release : 
K ,  C2, pg/ml Rate ,  %/I,& Rate, % / d h r  Adjuvant 


Type  1 
Hegadecyl alcohol, 5 % 
Beeswax, 5% 
Stearyl alcohol, 5% 
Cetyl alcohol, 5% 
Stearic acid, 5% 
Hexadecyl stearate, 5 % 
Soya fat ty  acids, 5% 
Coconut fa t ty  acid, 5 % 


Glyceryl 
monostearate, 5% 


Glvcervl 


Type  I1 


8.29 
2.53 
2.79 


19.90 
6.07 
6.70 


5.10 
2.81 
2.96 


3.93 
1.28 
1.40 - .  


2.72 
3.76 
5.35 
6.23 


6.53 
9.02 
12.84 
14.95 


2.92 
3.43 
4.09 


1.17 
3.13 
2.69 
3.02 
3.10 


4.42 
4.02 


2.99 


5.17 


2.86 


12.41 


6.86 


6.30 15.12 4.44 3.56 
monolawate, 5% 


Wool alcohol, 5% 8.11 19.46 5.04 1.24 
Amerchol CAB, 5% 4.20 10.08 3.63 0.72 
Amerchol CAB, 5%, + 3.71 8.90 3.41 1.43 


Amerchol CAB, 5%, + 7.02 16.84 4.69 2.79 


Glyceryl stearate, 5% 4.55 10.92 3.78 2.98 
None (petrolatum only) 2.07 4.97 - 2.55 


sorbitan monostearate, 
2% 


polysorbate 60, 2% 
Lecithin, 5% 14.05 33.72 6.63 2.98 
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Figure 8-Scatter diagram of the observed and  calculated re- 
lease rates of flwhronide from Type I modified ointment bases. 
The line is the estimated regression line Y = 1.1397X - 1.7732 
for solid circles. 


are also given in Table 111. For Type I adjuvants, these rates are 
plotted in Fig. 8. As in the case of fluocinonide, Fig. 8 indicates 
that the knowledge of calculated rates is helpful in predicting the 
release rates of flucloronide from ointments containing Type I ad- 
juvants (r = 0.90). Type I1 adjuvants for flucloronide also gave a 
rather poor correlation between the observed and calculated rates 
(r = 0.38). 


Negative intercepts were obtained in the observed uersus calcu- 
lated rate plots of Figs. 7 and 8. For the calculated rates, no associ- 
ation of the drug with the components of the ointment was as- 
sumed. If the drug has any tendency to bind with the ointment ve- 
hicle, the calculated rates would be higher than the observed rates. 
The negative Y intercept in Figs. 7 and 8 can thus be attributed to 
binding. In the calculations of release rates, it was also assumed 
that the diffusion constant remains constant when different adju- 
vants are added to petrolatum. Since the resistance to diffusion of 
drug molecules in the modified ointments is expected to vary de- 
pending on the adjuvant, some variations in the observed rates are 
expected due to changes in the diffusion constant of the modified 
vehicles. 


Lack of correlation between the observed and calculated rates 
for Type I1 adjuvants indicates that the knowledge of calculated 
rates did not provide useful information in predicting the observed 
rates. Since Type I1 adjuvants are mainly emulsifying agents, dur- 


ing a release run the surfactant molecules are expected to orient a t  
the ointment aqueous interface with their polar heads sticking in 
the aqueous phase and the hydrocarbon chain inside the ointment 
layer. Different surfactants are expected to dissolve and/or bind 
the drugs differently. Under these circumstances, the ointment 
water interface and not the whole ointment layer may be the rate- 
determining step. The simple physical model used to calculate the 
release rates of drugs from ointment containing Type I1 adjuvants 
did not provide useful information in predicting the observed 
rates. 


In summary, the results of this study show the usefulness of the 
physical model approach in helping to explain and predict the role 
of various factors in drug release from ointments containing sus- 
pended drug. In addition to drug solubility, initial drug concentra- 
tion, and diffusion constant, drug release may tJ'2 modified by un- 
predictable drug-excipient interactions. Surfactants are generally 
known to orient at the oil-water interface. The experimental ob- 
servations of the ointment layer containing surface-active adju- 
vants before and after the release run indicated some changes in 
the ointment layer surface. Analysis of the data presented in this 
report has shown that the drug release from ointments containing 
surfactants as adjuvants cannot be explained solely by the simple 
equations used in this investigation. 
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Specific TLC Tissue Residue Determination of 
Sulfadiazine following Fluorescamine Derivatization 


CARL W. SIGELX, JOSEPH L. WOOLLEY, Jr., and CHARLES A. NICHOL 


Abstract A spectrodensitometric method for the direct determi- 
nation of sulfadiazine a t  the tissue residue level (0.1 ppm) is based 
upon the measurement of the fluorescence of a sulfadiazine-fluo- 
rescamine derivative formed directly on a TLC plate by dipping it 
into a fluorescamine solution. The linear dynamic range for the 
assay is about 150 from 200 to 0.2 ng, the lower limit of sensitivity. 
Recoveries from various spiked tissues including milk, eggs, liver, 
kidneys, muscle, skin, and fat varied with the tissue type but were 
reproducible. This assay technique has also been used for the assay 
of sulfamethoxazole and has been explored for use in specifically 
assaying sulfonamide mixtures. 


Keyphrases 0 Sulfadiazine-specific TLC tissue residue determi- 
nation following fluorescamine derivatization Fluorescamine- 
used to prepare sulfadiazine derivative, specific TLC tissue residue 
determination of sulfadiazine TLC-tissue residue determina- 
tion, sulfadiazine, fluorescamine derivatization 


The antibacterial activity of trimethoprim is po- 
tentiated by administering it with a sulfonamide (1). 
Investigation of the use of the combination’ of tri- 
methoprim with sulfadiazine for treatment of infec- 
tions in food-producing animals required the devel- 
opment of a method capable of determining sulfadi- 
azine tissue concentrations down to 0.1 ppm. Previ- 
ous work in this laboratory showed that quantitative 
TLC could be applied to the direct and specific de- 
termination of sulfamethoxazole extracted from plas- 
ma by measuring its absorbance on a silica gel plate 
(2). Although quite satisfactory for kinetic measure- 
ment of drug levels in body fluids, this procedure 
lacked the sensitivity needed for the determination 
of tissue residue levels of sulfadiazine. Therefore, 
derivatization on the TLC plate to form a fluorescing 
compound was considered as an alternative. Fluores- 
camine, which was first reported as a means of gener- 
ating a fluorescing derivative of primary amino acids 
(3), was tested. The reagent was used for detecting 
amino acids after TLC development, but the fluores- 
cing zones were not quantitated (4). 


’ ‘rribrissen. Cooper, Inc. 


Sulfonamides and fluorescamine can form fluores- 
cing derivatives directly on silica gel TLC plates, and 
the resulting zones can be quantitated using a scan- 
ning spectrodensitometer. These observations led to 
a sensitive and specific assay for sulfadiazine, which 
was applied to the determination of the drug at  tissue 
residue levels. Determination of other sulfonamides, 
singly and in combination, was explored and will be 
discussed. 


EXPERIMENTAL 


Thin-Layer Plates-Silica gel 60 plates without fluorescent in- 
dicator (20 X 20 cm, 0.25 mm) were used2. 


Solvents and  Solutions-All solvents were reagent grade’ and 
all were distilled before use. The tissue homogenization buffer was 
0.56 M sodium chloride, 0.01 M sodium phosphate dibasic, and 
0.0013 M sodium phosphate monobasic (pH 7.4). Solutions of sul- 
fadiazine (1.0 mg) in 100 ml of ethyl acetate and solutions of 
triethanolamine (1.25 ml) in 250 ml of chloroform were prepared 
each week. Fluore~camine~ (25 mg) was dissolved in 250 ml of ace- 
tone. The solution was used for derivatization of not more than 15 
plates and was not kept longer than 2 weeks. 


Instrumentation-Plates were spotted with an automatic spot- 
ters or by hand. Fluorescence was determined by scanning TLC 
plates with a spectrodensitometerf, using the reflectance mode and 
only the sample beam with a secondary cutoff filter a t  400 nm. Ex- 
citation was a t  290 nm for the sulfadiazine-fluorescamine deriva- 
tive, and total emission (above 400 nm) was determined using a 
density computer7. Peak areas were electronically integrated”, and 
standard curves were calculated using the method of least squares. 


Sulfadiazine Determination-Procedure for Milk and Mus- 
cle-In a stainless steel or glass cup kept a t  4O, tissue (10 g) was 
homogenized in saline phosphate buffer (15 ml) using a tissue ho- 
mogenizerg. After adjusting the.pH to  6.0 with 1 M phosphoric 
acid, an aliquot equivalent to 1 g of tissue was pipetted into a 
15-ml glass-stoppered centrifuge tube. The homogenate was ex- 
tracted with three 3-ml portions of ethyl acetate. The combined 


E. M. Lahoratories, Inc. 
Mallinckrodt. 
Fluram, Roche Diagnostics. 
Analytical Instrument Specialties Multi-spotter. 
Schoeffel model S D  3000 using a reflectance mode assembly. 
Schoeffel SDC 30. ” Autolah System IV. 
Virtis “45.” 
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Figure 1-Standard curve for sulfadiazine determination. 


extracts were dried by transferring them with a pipet into a 1 X 
20-cm column containing anhydrous sodium sulfate (2 9). 


Following elution, the column was rinsed with additional ethyl 
acetate (3 ml). Diethylaniline (5 pl) and 26.5% biphenyl in phenyl 
etherlo solution (5 pl) were added to the combined eluates, and the 
sample was evaporated at  30' under a stream of dry nitrogen. The 
residue was redissolved in acetone (200 pl), and an aliquot (50 pl) 
was spotted on a scored silica gel TLC plate (20 channels/plate). 
Standards (0.01-0.1 pg) were spotted on the same plate. The plate 
was developed to 10-12 cm twice using diethyl ether in a tightly 
sealed solvent chamber. 


The plate was air dried and dipped once quickly in a fluores- 
camine-acetone solution in a stainless steel tank (21.5 X 21.5 X 0.7 
cm) to derivatize the sulfonamide. Then the plate was air dried for 
about 10 min and dipped once in a 0.5% triethanolamine-chloro- 


Table I-Recovery and Reproducibility of Sulfadiazine 
from Spiked Rat (R) and Chicken (C) 
Tissues and Cow's Milk 


Number Amount 
of Added, Recovery, Deviation, 


Tissue Samples pg/g % % 


Milkfi 10 0.100 91.1 12.7 . 
ii o.ioo 54.0 4 . 9  


0 ,100  7 2 . 8  9 . 4  
Liver (R) 10 0 ,100  7 6 . 3  1 5 . 0  
Liver (C). 6 0.100 71 .7  1 0 . 4  
Kidnev (R) 11 0 ,100  5 9 . 8  10.3 


fp 0 "  
uscle (R) 12 


. ,  
Fat (C). 10 0.100 5 9 . 8  7.7 
Skin (C) a 5 0.100 8 1 . 6  4 . 2  


Figure 2-Typical peaks observed when scanning the fluores- 
camine derivatives of sulfadiazine standards. Key: A, 0.1 pg; 
B, 0.08 p g ;  C, 0.06 pg; D, 0.04 pg; E, 0.02 pg; and F, 0.01 pg. 


form solution to stabilize the derivative (4). A second dipping into 
each of the solutions, respectively, did not cause either diffusion of 
the spots or diminution of the fluorescence. After air drying again, 
the plate was scanned with excitation wavelength at 290 nm and 
the total emission above 400 nm was measured. Sulfadiazine ap- 
peared at about R/ 0.40. 


Procedure for Eggs, Liver, Fat, Skin, and Kidneys-The tissue 
was homogenized and extracted as described for milk and muscle 
samples. Before drying with sodium sulfate, the combined ethyl 
acetate extracts were back-extracted with 2 N aqueous sodium hy- 
droxide (1 ml). The pH of the aqueous solution was checked and, if 
less than 9, the organic extract was washed with additional base (1 
ml). The combined alkaline washes were adjusted to pH 6.0 with 1 
M H:3P04 and extracted with three 3-ml portions of ethyl acetate. 
The combined extracts were dried over anhydrous sodium sulfate 
and assayed as described for milk and muscle samples. 


Procedure for Plasma-A modification of the procedure for sul- 
famethoxazole was used (2). An equal volume of buffer [0.5 M cit- 
ric acid and 1 M sodium phosphate dibasic (pH 3.9)] was added to 
the plasma and extracted with two 3-ml volumes of ethyl acetate. 
Samples were assayed as described for milk and muscle samples. 


RESULTS 


Sulfadiazine can be derivatized directly on a developed silica gel 
TLC plate with a fluorescamine solution by either spraying the 
plate or dipping it. The latter technique was more convenient and 
quicker, the sensitivity fourfold greater, the standard deviation 
lower, and the background more uniform. The derivative can be 
stabilized for about 5 hr by posttreating with triethanolamine (4). 
The standard deviation for the determination of nine samples of 
0.05 pg of sulfadiazine was f O . O O 1  pg or 2%. 


A calibration curve for the sulfadiazine assay is shown in Fig. 1. 
The linear dynamic range was found to be about 150 from 200 to 
0.20 ng, the lower limit of sensitivity. Above 200 ng, linearity de- 
clined. Typical peaks observed on the recorder chart after scan- 
ning derivatized sulfadiazine standards in the 10-100-ng range are 


Table 11-Tissue Levels of Sulfadiazine in the Rat 
following a Single Oral Dose of Trimethoprim (4 mg/kg) 
and Sulfadiazine (20 rng/kg) 


Plasma, Liver, Muscle, 
Rat Hours pg/ml rg/g kg /g 


~ ~~ 


a Obtained from commercial sources. 1 5 5 3 . 9  13 .6  7 . 8 4  
2 24 5 .8  0 . 8 6  0 .661  
3 48 0 . 8 3  0.09 0.129 


I" Dowtherm A, added to prevent decomposition. 
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Scheme I 


shown in Fig. 2. This range was used for assaying residue amounts 
for 1-g tissue samples. 


Recovery data for extraction of sulfadiazine from spiked tissues 
are shown in Table I. Rat  and chicken tissues were used for the re- 
covery experiments. For milk and muscle, a simple "clean-up" pro- 
cedure involving homogenization and a single extraction (Scheme 
I)  could be used; however, for eggs, liver, kidneys, skin, and fat, a 
back-extraction into base was required to separate sulfadiazine 
from endogenous material partitioning into the ethyl acetate ex- 
tract of the homogenate. The percent recovery of drug depended 
upon the tissue and whether a back-extraction was required but 
was considered reproducible for each tissue type. 


These results were in the same range as reported by Crisp (5) 
who used a similar isolation scheme for a tissue residue assay 
based upon the GC determination of sulfaquinoxaline. In the cur- 
rent work, recoveries were improved by at least 30% by the addi- 
tion of small aliquots of a solution of 26.5% biphenyl in phenyl 
ether and diethylaniline to the ethyl acetate extracts (B  or D, 
Scheme I) prior to evaporation". Addition of both components 
was necessary for recovery improvement. Treatment of the glass- 
ware with siliconizing fluid did not improve recoveries. 


Careful adjustment of the pH of both the homogenate A and al- 
kaline extract C was an important factor for reproducible recov- 
eries. The relationship between partition coefficient and pH of the 
aqueous solution for sulfadiazine is shown in Fig. 3. 


Four rats were dosed orally with the sulfadiazine-trimethoprim 
combination (20 and 4 mg/kg, respectively) and were sacrificed se- 
quentially over 4 days. Plasma, muscle, and liver tissue levels of 
sulfadiazine were determined (Table 11). Sulfadiazine appeared as 
a well-resolved symmetrical peak with no interference due to en- 
dogenous compounds, sulfadiazine metabolites, or trimethoprim or 
its metabolites. 


A mixture of five sulfonamides also was chromatographed, deri- 
vatized with fluorescamine, and scanned (Fig. 4), thereby illustrat- 
ing that the basic approach has potential for assaying sulfonamide 
mixtures. 


DISCUSSION 


The most widely used method for the determination of sulfon- 
amides is a colorimetric procedure based upon the Bratton-Mar- 
shall reaction (6). For tissue concentrations, however, the method 
has limitations in terms of lack of specificity and background in- 
terference. With these considerations in mind, Crisp (5) developed 
a tissue residue procedure for sulfaquinoxaline based upon elec- 
tron-capture GLC. The procedure was specific and extremely sen- 
sitive but time consuming. This TLC method for sulfadiazine, 


" P. Flanagan, Wellcome Research Laboratories, Berkhamsted, England, 
personal communication, 1974. 
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Figure 3-Relationship between partition coefficient and p H  
for sulfadiazine. 


based upon fluorescence scanning, has the advantages that the 
sample preparation is simpler and the time required for analysis is 
shorter. The instrumentation is extremely reliable and easily oper- 
ated. Very uniform TLC clates are commercially available. Even if 
there are plate or instrumental variations for different runs, these 
factors are eliminated by determining a series of standards on the 
same plate used for the unknown samples. This procedure still al- 
lows the analysis of a t  least 10 unknown samples on each plate. By 
using this procedure, about 8-10 tissue samples can be assayed by 
one person in 1 day. 


The assay of sulfadiazine has been emphasized in this report. 
Sulfamethoxazole (following fluorescamine derivatization) has 
been assayed in vaginal washesI2 and other fluids and tissues down 
to 1 ng/ml by a modification of the basic TLC procedure previous- 
ly reported from these laboratories (2). Presumably, the TLC 
method could be adapted for measurement of specific sulfonamide 
drug levels in cases where sulfonamide drug mixtures are used. 
TLC conditions for the separation of up to 15 different sulfon- 
amides on one plate have been reported (7). The potential of this 
approach was demonstrated by derivatizing and scanning five sul- 
fonamides following separation on a TLC plate. Of course, the 
method is specific for each of these compounds only insofar as 
there are no other molecules with primary amino moieties that  
comigrate with the drugs. Careful selection of the TLC solvent 
would obviate this problem. 


CONCLUSIONS 


Quantitative fluorescence scanning is a sensitive analytical tech- 
nique which has the advantage of moving the drug away from in- 
terfering substances to an R/ on the chromatogram characteristic 
of the compound and the solvent system. Derivatization of sulfon- 
amides with fluorescamine on the developed TLC plate amplifies 
the sensitivity beyond that  attainable by absorbance scanning. A 


T. A. Stamey and M. Condy, to be published. 
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Figure 4-Scan of derivatized sulfonamides separated on a 
silica gel TLC plate by development twice in  diethyl ether (11 
cm). Sulfonamides are: A, sulfathiazole; B, sulfadiazine; c, 
sulfamemzine;.D, sulfadimidine; and E, sulfamethoxazole. 


sensitive and specific method utilizing these principles for the de- 
velopment of a tissue residue assay for sulfadiazine is described. 


Fluorescamine was used previously as a means for detection of 
amino acids on TLC plates, but the quantitative aspects were not 
pursued (4). This report emphasizes the utility of this reagent as a 
useful analytical tool, especially for residue level determinations of 
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ple, Stevens and Guirao (2) found for Newtonian liq- 
uids that: 


0%. 1) ( viscosity) a (v ims i ty )au  


where the exponent of 0.44 is found empirically. As a 
second example, empirical curves were found ( 4 , 6 , 7 )  
giving the conditions under which fluids of different 
rheological properties have the same subjective 
texture. Why these curves have their peculiar shape 
remained uncertain. 


subjective objective 


This paper predicts some attributes of liquid Keyphrases 0 Spreadability, subjective-predicted from fluid 


fluid mechanics, equations Stickiness, subjective-predicted on two key assumptions: (a) that subjective sticki- 
from fluid mechanics, equations Liquid texture-predicting ness is perceived as the time during which the finger 
subjective spreadability, viscosity, and stickiness is pulled away from the sticky surface, and (b) that 


subjective spreadability and viscosity are perceived 
as the shear stress on the fingers. That these assump- 
tions are sensible is easily tested. For example, when 
water and honey are rubbed between the fingers, the 


mechanics, equations Viscosity, subjective-predicted from texture without introducing empiricism* It depends 


Previous papers on liquid texture presented inter- 
esting empirical relationships between subjective at- 
tributes and rheological parameters (1-7). For exam- 
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Figure 1-Schematic representation of finger geometry as two 
parallel plates. 


fingers move in an oscillating motion with a constant 
period and amplitude; the finger velocity varies little 
with changes in objective liquid viscosity. Since the 
subjective viscosities of honey and water are very dif- 
ferent, the subjective viscosity must be perceived not 
as velocity but as another quantity such as shear 
stress. This type of observation will be shown to lead 
to the successful prediction of liquid texture. 


THEORETICAL 


Finger Geometry and Fluid Rheology-There were three 
basic steps in developing predictions of spreadability, viscosity, 
and stickiness: 


1. The finger geometry and fluid rheology were specified. 
2. Equations for the thickness of the fluid film on the fingers as 


a function of time were developed. 
3. How this fluid thickness leads to equations for predicting 


spreadability, viscosity, and stickiness was demonstrated. 
In the first step, the actual geometry of the fingers was approxi- 


mated by two parallel plates (Fig. 1). This approximation is rea- 
sonable only when the thickness of the sample is small relative to 
the radius of the finger. As suggested in Fig. 1, the shear force be- 
tween the fingers is most easily found using Cartesian coordinates 
with the origin on one moving finger, hut the thickness is most eas- 
ily calculated in terms of cylindrical coordinates with the origin at 
the center of the film. 


Just as parallel plates were used to approximate the finger ge- 
ometry, the empirical power law model was assumed to approxi- 
mate the fluid rheology (8): 


TZ1 = -m (2)" 
where rZx is the shear stress on a plane normal to the z direction 
and caused by motion in the x direction, ux is the fluid velocity in 
the x direction, and m and n are rheological constants of this 
model. For a Newtonian fluid, n is unity and m is the viscosity; for 
the non-Newtonian fluids used in this work, n was always less than 
1. The use of this equation required that the coordinate system be 
defined so that ( J U , / J Z )  was always positive and T~~ was not imagi- 
nary. Therefore, the coordinate system had to be redefined every 
time the velocity was reversed. 


Thickness of Fluid Film-The second basic step in developing 
the desired predictions was to calculate fluid thickness for the ap- 
proximate geometry and rheology. This problem was solved for 
Newtonian fluids by Stefan (9), yielding results frequently used in 
lubrication theory (10). For the power law fluids considered here, 
the equation of motion in cylindrical coordinates is: 


where p is the pressure and irr is the stress on a plane normal to 
the z direction caused by motion in the r direction. The first 
boundary condition used with Eq. 3 was that the shear stress is 
zero in the exact center of the film; i.e., that JU,/JZ = 0 when z = 0. 
The second boundary condition was that the velocity a t  the plates 
is zero; i.e., that u, = 0 when z = fh/2,  where h is the film thick- 


ness between the fingers. Equation 3 was integrated using these 
.conditions: 


The volumetric flow per unit arc, Q, was defined across a fluid ele- 
ment shaped like a piece of pie: 


Z i h i 2 1 2 r u , r  dtJ d z  


Jzrr dtJ 
Q =  = 2 1 h i 2 u , d ~  (Eq. 5) 


Therefore, from Eqs. 4 and 5, Q was: 


Then Q was related to the decrease of the fluid thickness by means 
of a mass balance on the same pie-shaped element already used 


(Eq. 7 )  


Equations 6 and I were next combined and integrated using two 
more boundary conditions. The first of these was that the pressure 
is always finite or, in other words, that p # when r = 0. The sec- 
ond condition was that the pressure must be the atmospheric value 
PO at  the edge of the fingers; i.e., p = po at  z = &h/2 and r = R, 
where R is the effective radius of the fingers. The result of this in- 
tegration was: 


(Es. 8)  


In this integration, dhldt was assumed to be approximately con- 
stant. This pseudo-steady-state approximation took advantage of 
the fact that steady-state pressure gradients are approached rapid- 


Before Eq. 8 was finally integrated, it was rewritten in terms of 
ly. 


the total normal force, Fo, acting on the plates: 


FO + rR2p0 = 2 r i R p r d r  CEq. 9) 


Combination of Eqs. 8 and 9 and integration over r yielded: 


a result similar to that of Parlato (11). Since the total normal force 
by the fingers was assumed a constant, the nth root of this equa- 
tion could be integrated over time: 


where ho is the initial film thickness a t  zero time. This equation 
shows how the thickness of the fluid film varies with time, finger 
geometry, and fluid rheology. It formed the basis for the predic- 
tions of subjective properties given in the next section. 


Subjective Predictions-Spreadability-The third step in 
this development was the prediction of the subjective attributes. 
First, spreadability was assumed to be proportional to the recipro- 
cal of the shear stress: 


1 
(sps:.::;:ty) OC T,pread (Eq. 12) 


For a thin film, combination of Eqs. 2 and 12 gave: 


h "  subjective oc 


(spreadabilit y ) A(V.pr~nd) (Eq. 13) 


where Vspread is the steady velocity of the finger used in assessing 
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spreadability. This result was combined with Eq. 11 to give: 


where tapread is the average assessment time for spreading. Since 
all quantities on the right-hand side of this equation were mea- 
sured by independent experiments, Eq. 14 provided a means of 
calculating spreadability. A plot of experimentally measured sub- 
jective spreadability versus the right-hand side of Eq. 14 should be 
linear. 


Viscosity-Viscosity was assumed to be perceived as the shear 
stress, s~sco .  exerted on the finger: 


where Vvisco is the average finger velocity used on the thin fluid 
film. In fact, viscosity is assessed by rubbing the fingers with an os- 
cillating motion, but the exact analysis of this motion is very elab- 
orate (12). Combination of Eqs. 11 and 15 gave: 


subjective 1 


where tvisco is the assessment time for viscosity. All quantities on 
the right-hand side of Eq. 16 were determined experimentally. As 
a result, a plot of experimentally determined subjective viscosity 
uersus the right-hand side of Eq. 16 should be linear. 


For two special cases, the subjective viscosity could be predicted 
in simpler ways. First, for Newtonian fluids for which the initial 
thickness was large, n = 1, rn = k ,  and h << ho. Under these condi- 
tions, Eq. 16 is reduced to: 


All quantities in brackets are characteristic of the assessment but 
experimentally independent of the fluid being judged. Thus, if 
subjective viscosity was, in fact, perceived as shear stress, a plot of 
the logarithm of subjective spreadability uersus the logarithm of 
objective viscosity should have a slope of one-half. 


The second special case for predicting subjective viscosity oc- 
curred when the film was mechanically prevented from thinning 
by means of a small sled holding the finger a constant distance 
from the surface (13). In this case, Eq. 15 assumed a very simple 
form for Newtonian fluids: 


where h is now a constant of the small sled. The quantity in brack- 
ets is again characteristic of the assessment but independent of the 
fluid being judged. If subjective viscosity was truly perceived as 
shear stress, a plot of the logarithm of subjective viscosity assessed 
at  constant film thickness versus the logarithm of objective viscos- 
ity should have a slope of unity. 


Stickiness-Unlike spreadability and viscosity, which were as- 
sessed with a shearing motion, stickiness was assessed by a motion 
normal to the surface. First the finger was pressed against the sam- 
ple being judged, and then the finger was pulled away. While the 
fluid mechanics in this situation were less well defined than for the 
previous two cases, the thickness of the film during this assess- 
ment can be approximately calculated from Eq. 11. 


Stickiness was assumed to be perceived as the time during which 
the finger is pulled away from the sticky surface. This time varied 
inversely with the average velocity normal to the surface of the 
moving finger, dhldt: 


predicted H 
(stickiness) a dhldt 


where H is the distance at  which the finger separates from the 
fluid. In general, H was a function of the fluid being tested. How- 


i 
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l/[CALCULATED STRESS ON FINGER] 


Figure %-Subjective spreadability versus [shear stress ] -I .  


The best line through the data has a slope of 1.05 f 0.05, com- 
pared with a predicted value of 1 .OO. The circles and squares 
are Newtonian and non-Newtonian fluids, respectively. 


ever, because the surface tension had approximately the same 
value for all of the fluids used, H was approximately a constant 
here. 


The velocity dhldt can be calculated from Eq. 11 and combined 
with Eq. 19 to yield: 


(stickizss) n 
subjective a H(2n + 1) 


11+2n)/(L+n1 


(Eq. 20) f F ,  n + 31'Jn 


where hl is the minimum film thickness after squeezing the film, 
F1 is the normal force developed in pulling the finger upward, and 
t&& is an average reference time. All quantities on the right-hand 
side of Eq. 20 were determined experimentally except for hl,  which 
was calculated from Eq. 11. Thus, a plot of experimentally mea- 
sured subjective stickiness uersus the right-hand side of Eq. 20 
should be a straight line. 


EXPERIMENTAL 


Objective Measurements-The Newtonian fluids used in this 
work were silicone oils' ranging in viscosity from 2.6 to 85,000 cps. 
The non-Newtonian fluids included aqueous solutions of hydroxy- 
propyl methylcellulose and aqueous solutions of polyacrylamide. 
Three grades of hydroxypropyl methylcellulose* were used as 2 wt. 
% solutions in water. The polyacrylamide solutions were prepared 
by polymerization of 2, 4, and 8% monomer in water. Polymeriza- 
tion was initiated with persulfate-bisulfite and continued at  60° 
for about 1 hr. Viscosities of the Newtonian fluids were measured 
with capillary vi~cometers~, calibrated with Newtonian viscosity 
standards4. Rheological parameters of the non-Newtonian fluids 
were measured with a cone-and-plate viscometer5. 


In addition to these rheological properties, the predictions of 
spreadability, viscosity, and stickiness depended on various char- 
acteristics of the finger and its motion. Three of these characteris- 
tics were similar for all three subjective attributes: the average ra- 
dius of the finger, R; the force used in thinning the film, Fo; and 
the initial film thickness, ho. The average radius of the finger for 
20 people was 0.75 cm, consistent with the measurements of 
Schaeffer and Chakravarti (14) who used a plate of 0.73 cm as a 
model of the second fingertip in the design of a commercial instru- 


1 Union Carbide. 
Methocel HG, labeled as 400,8000, and 15,000 cps; Dow Chemical Co. 
Ubbelhode type, Fisher Scientific Co. 
Cannon Instrument Co., State College, Pa. 
Rheomat 15, Olkon Corp. 
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Table I S p r e a d a b i l i t y  for Eight  Newtonian and  Six Non-Newtonian Fluidsa 


Reciprocal 
Measured Measured Calculated Subjective 


Fluid m n ho Vspred Stressb Spreadability 
~~ 


Water, 1 cps 0.01 1.0 0.013 7.4 12.3c 105. 


Silicone oil, 70 cps 0.70 1.0 0.040 4.9 2 .2  58. 


Silicone oil, 1770 cps 17.70 1 .0  0.046 2.0 1.07 23. 
Silicone oil, 8450 cps 84.50 1 .0  0.055 1 . 8 2  0.5 ,  16. 


Silicone oil, 20 cps 0.20 1.0 0.018 6.2 3.3 97. 


Silicone oil, 936 cps 9.36 1 .0  0.034 2.2 1.38 33. 


Silicone oil, 23,300 cps 233.0 1 . 0  0.072 1.67 0.35 7.0 
Silicone oil, 85,000 cps 850.0 1 . 0  0.068 0.97 0.30 4.0 
Polyacrylamide, 2 % 0.13 0.93 0.031 7.8 5 . 4  190. 
Polyacrylamide, 5 % 28. 0.52 0.056 4.8 6.0 90. 
Polyacrylamide, 8% 390. 0.47 0.066 6 . 1  1.24 55. 
Hydroxypropyl methylcellulose, 3.4 0.79 0.057 7 .3  2 . 7  88. 


400 cps, 1.5% 
Hydroxypropyl methylcellulose, 93. 0.62 0.084 6.4 1.2s 58. 


Hydroxypropyl methylcellulose, 630. 0.32 0.066 5.0 2.2 46. 
8000 cps, 2% 


15,000 cps, 2% 


a Units used here are as follows: m, dynes cm-*; ho, cm; V, cm em-'; and calculated spreadability, 10-4 cm* dyne-'. Other quantities are dimensionleas. 
6 These calculations involve three additional experimentally measured quantities: the average normal force, Fo, of 89,000 dynes; the average finger radius, R,  
of 0.75 cm; and the average aseaeament time, GD,-d, of 10 eac. Not included in the regresaion analysk. 


ment. The normal force for thinning the film was found by placing 
different samples on the pan of a magnetic balance and then by 
touching the fluids in an imitation of the subjective assessments. 
Each of 20 people used the same force for all fluids, independent of 
the fluid's viscosity. This force was about 89,OOO & 5000 dynes. 


The initial thickness of the sample, ho, was measured directly in 
the case of spreadability as the mass of fluid adhering to the finger 
divided by the finger area. These values did vary with viscosity 
and are reported in the Results section. The same values were also 
used in calculations of viscosity and stickiness but had little effect 
on the calculations. Indeed, assuming that ho always equaled 0.1 
cm gave equivalent results in these two cases. 


The basic equations for predicting spreadability, viscosity, and 
stickiness also contained characteristics of finger motion, which 
were specific for the attribute being studied. For spreadability, 
these characteristics were the velocity of the finger, Vspread, and 
the time of spreading, tspread, both of which were measured with a 
stopwatch during the subjective experiments. The velocity varied 
with viscosity and is reported below, but the time of spreading was 
a constant for each subject and had an average value of 10 sec. For 
viscosity, the specific characteristics were the average velocity of 
finger motion, Vvisco, and the time of assessment, t ~ s c o .  These 
quantities, also measured during the subjective experiments, were 
both constant, independent of viscosity. The velocity had a period 
of 1.0 & 0.2 sec and an amplitude of 0.5 & 0.1 cm. The time for the 
assessment of viscosity was found to be 5 f 1 sec. 


For stickiness, the specific characteristics necessary for the cal- 
culations were the force used in pulling up the finger, the time of 
squeezing the fluid, and the time of pulling the finger. The pulling 
force was measured with a balance (14). The time for squeezing, 
measured with a balance and a stopwatch during some of the sub- 
jective experiments, was a constant 3.0 & 0.2 sec. The time of pull- 
ing was measured as 0.1 sec, but this measurement was approxi- 
mate. 


Subjective Measurements-For each textural characteristic, 
panels of between 15 and 24 members of both sexes, ranging in age 
from 20 to 50 years and not trained prior to the present work, were 
asked in written instructions (14) to assess the different fluid sam- 
ples relative to the first sample. These samples were presented in 
random order on a plastic plate a t  room temperature. For spreada- 
bility, observers spread the samples along the plate with their 
index finger; for, viscosity, Observers often preferred to rub the 
samples between their fingers and were permitted to do so; for 
stickiness, observers touched the sample and then pulled their fin- 
gers away. 


Whenever necessary, observers were allowed to  go back to the 
standard for comparison. A judgment of zero was not accepted for 
any property; in that case, the concept of ratio scaling was clari- 
fied, and use of fractional numbers (l/lO, 1/100, etc.) was encour- 
aged. The subjective data were analyzed with linear regression 
analysis after a logarithmic transformation (15). 


RESULTS 


Spreadability-The agreement of the experimental and pre- 
dicted values of the subjective assessments is clearest if the three 
attributes of Rpreadability, viscosity, and stickiness are discussed 
sequentially. The raw data for spreadability are shown in Table I. 
The first three columns give the fluid and its rheological parame- 
ters in terms of the power law model in Eq. 2. The next two col- 
umns give the initial thickness, ho, and the spreading velocity, 
Vspread, both measured during the subjective assessments. The 
sixth column gives the reciprocal of the stress calculated from Eq. 
14, using experimental quantities shown in the table. The final col- 
umn gives the subjective spreadability measured by ratio scaling. 
The value for water deviates considerably from the trend shown by 
the other fluids; it probably lies outside the range of perception 
and was discarded when estimating the regression line. 


The theory for spreadability predicts that a plot of the loga- 
rithm of subjective spreadability versus the logarithm of the right- 
hand side of Eq. 14 should be a straight line of slope unity. This 
prediction is in excellent agreement with the experimental slope of 
1.05 & 0.05 (Fig. 2). Phrased in other terms, the correlation coeffi- 
cient between subjective spreadability and the reciprocal of the 
shear stress is 0.95. This correlation is impressive. 


Equation 14 also predicts that two Newtonian fluids of different 
viscosities will never have the same subjective spreadability. In 
this case, n 1s always unity, so different values of rn = p imply dif- 


t 
I 
I 
I 
I 


lo* 104 106 
CALCULATED STRESS ON FINGER 


Figure 3-Subjective viscosity versus shear stress. The beat 
line thmugh the data has a slope of 0.86 0.02, compared with 
a predicted value of 1 .OO. The circles and squares are Newtonian 
and non-Newtonian fluids, respectively. 
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Table 11-Apparent Viscosity for 10 Newtonian a n d  Six Non-Newtonian Fluidso 


Fluid m n 


~ 


Predicted Subjective 
ho Viscosity b Viscosity 


Silicone oil, 2.6 cps 
Silicone oil, 20 cps 
Silicone oil, 70 cps 
Silicone oil, 936 cps 
Silicone oil, 1770 cps 
Silicone oil, 2805 cps 
Silicone oil, 8450 cps 
Silicone oil, 23,300 cps 
Silicone oil, 51,500 cps 
Silicone oil, 85,000 cps 
Polyacrylamjde, 2% 
Polyacrylamide, 5 % 
Polyacrylamide, 8% 
Hydroxypropyl methylcellulose, 


Hydroxypropyl methylcellulose, 


Hydroxypropyl methylcellulose, 


400 cps, 1.5% 


8000 cps, 2% 


15,000 cps, 2% 


0.026 
0.20 
0.70 
9.36 


17.7 
28.05 
84.50 


233.0 
515.0 
850.0 


28. 
390. 


93. 


630. 


0.13 


3 .4  


1 .0  
1 .0  
1 .0  
1 .0  
1 .0  
1 .0  
1 .o  
1.0 
1 .0  
1 . 0  
0.93 
0.52 
0.47 
0.79 


0.62 


0.32 


0.015 
0,018 
0.040 
0.034 
0.046 
0.049 
0.055 
0.072 
0,070 
0.068 
0.031 
0.056 
0.066 
0.057 


0.084 


.O .066 


~ 


0.56 
1.5 
2.9 


11. 
15. 
18. 
32. 
54. 
85. 


110. 
0.79 
1.3 
5 . 9  
1 . 9  


5 . 1  


3.9 


1 . 0 6  


1 . 1 0  
2.6 
7.2 
7.8 


14.2 
13.6 
28. 
51. 
39. 
0.31 
2.6 
7.7 
1 . 1 7  


3.8 


7.4 


~~ 


Units used here are as follows: m, dynes seen cm-2; predicted viscosities, 10-3 dynes cm-2; and ha, cm. Other quantities are dimensionless. b These pre- 
dictions use four additional experimentally measured quantities: the average finger radius, R, of 0.75 cm; the average normal force, Fa, of 89,000 dynes; the 
average velocity, V,,,,,, of 3.1 cm sec-1; and the average asseasment time of 5 sec. 


ferent spreadabilities. On the other hand, groups of non-Newto- 
nian fluids can have the same spreadability when rn and n differ. 
The only requirement is that the combination of rn and n given by 
Eq. 14 results in the same predicted spreadability. 


The results in Table I and Fig. 2 support this prediction. For ex- 
ample, silicone oil (936 cps) and silicone oil (1770 cps) are per- 
ceived subjectively as 33.0 and 23.0, respectively. However, the 
data confirm that a Newtonian fluid can show the same spreadabi- 
lity as a variety of non-Newtonian fluids with very different values 
of rn and n. For example, silicone oil (70 cps), polyacrylamide (8%), 
and hydroxypropyl methylcellulose (8000 cps, 2%) all have about 
the same spreadability (58.0, 55.0, and 58.0, respectively), even 
though their rheological parameters are very different. 


Viscosity-The data for subjective and predicted viscosity are 
shown in Table 11. The first three columns give the rheological 
properties of the fluids in terms of Eq. 2. The initial film thickness, 
ho, in the fourth column is not critical in the calculations; changes 
in these values by a factor of 2 have little effect on the results. The 
fifth column gives the predicted viscosity calculated from Eq. 16, 
using the values given in this table. The final column reports the 
subjective viscosity. 


The theory predicts that a plot of the logarithm of subjective 
viscosity versus the logarithm of the right-hand side of Eq. 16 
should be linear with a slope of 1. This predicted slope is in good 
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Figure 4-Subjective viscosity versus objective Newtonian 
viscosity. The circles are values obtained when the thickness of 
fluid on the fingers varies during the assessments. The best line 
through these data has a slope of 0.40 f 0.01, compared with 
0.50 predicted by Eq. 17. The triangles represent assessments a t  
constant fluid thickness; the best line through these values has a 
slope of 0.89 f 0.06, compared with 1.00 predicted by Eq. 18. 


agreement with the experimental value of 0.86 i 0.02 (Fig. 3). The 
correlation coefficient between subjective viscosity and the calcu- 
lated stress on the finger is 0.95. The agreement is not quite as 
close as that found for spreadability. However, in the derivation of 
the theory for viscosity, the major assumption was made that the 
periodic motion of the fingers can be approximated as a steady 
motion between parallel plates. In view of this approximation, the 
predictions of the theory are very good. 


Other theoretical predictions for Newtonian fluids are tested in 
Fig. 4. The circles in this plot represent the logarithm of subjective 
viscosity plotted uersus the logarithm of objective viscosity of the 
Newtonian fluid. The slope of the line drawn through these data is 
0.40 i 0.01, in good agreement both with other experimental stud- 
ies of subjective viscosity (3) and with the value of 0.50 predicted 
by Eq. 17. Since the prediction requires only a measurement of 
Newtonian viscosity, additional properties like finger area and as- 
sessment time are constant and need not be measured experimen- 
tally. 


These results and the others in this paper were unaffected by 
the temperature of the samples. For example, subjective Newto- 
nian viscosity evaluated a t  skin temperature of 32O leads to an ex- 
ponent of 0.41. This insensitivity is a consequence of ratio scaling. 
While viscosity changes significantly with temperature, the 
changes are similar percentages for all fluids used. Thus, the rela- 
tive subjective viscosity measured by ratio scaling does not depend 
strongly on temperature. 


The triangles in Fig. 4 represent the logarithm of subjective vis- 
cosity assessed at  constant film thickness and plotted uersus the 
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Figure 5-Subjective stickiness versus stickiness calculated 
from Eq. 20. The best line through the data has a slope of 1.12 f 
0.08, compared with a predicted value of 1 .OO. The circles and 
squares are Newtonian and non-Newtonian fluids, respectively. 
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Table IIIStickiness for  Six Newtonian and Six Non-Newtonian Fluidsa 


Fluid 
Calculated Stickiness Subject ive 


m n Fl hi * from Eq. 2 0 ~  Stickiness 


Silicone oil, 936 cps 9.36 1 . 0  1 . 3  0.94 1.07 
Silicone oil, 1770 cps 17.70 1 . 0  1 . 7  0.68 1 . 9 2  
Silicone oil, 2805 cps 28.05 1 . 0  1 . 9  0.86 3 . 2  
Silicone oil, 8450 cps 84.50 1 . 0  2 . 1  1.09 4 . 2  
Silicone oil, 23,300 cps 233.0 1 . 0  2 . 7  1.29 5 . 7  
Silicone oil, 51,500 cps 515.0 1 . 0  2 . 8  1.35 10.7 
Silicone oil, 85,000 cps 850.0 1 . 0  3 . 4  1.35 15.0 
Polyacrylamide, 2% 0.13 0.93 1 . 2  0.15 0.85 
Polyacrylamide, 5 % 28. 0 .52 1 . 6  0.42 1.39 


Hydroxypropyl  met hylcellulose, 3 .4  0 .79  1 . 7  0 .30  1.95 
Polyacrylamide, 8% 390. 0.47 1 . 4  , 1.30 3 . 4  


Hydroxypropyl  methylcellulose, 93. 0 .62 1 . 8  0.78 2 . 9  
400 cps, 1.5% 


8000 cns. 2% .. , 
Hydroxypropyl methylcellulose, 630. 0.32 2 . 1  1.30 2 . 4  


15,000 cps, 2% 


1 .  87 
2.1 
3.8 
6.6 
9 . 8  
12.5 
13.2 
0.2,  
2.0 
4.7 
1.62 


2 . g  


3.9 


a Units used here are as follows: m, dynes BeCn cm -2; pulling force, Fz, 10s dynes; calculated hl, 10 -2 cm; and calculated stickiness, 102 8ec cm-1. Other quan- 
tities are dimensionless. b These predictions UBB four additional experimentally determined quantities: the average finger radius, R, of 0.75 cm; the average 
force thinning the film, Fa, of 89,000 dynes; the initial film thickness, ha, given in Tables I and 11; and the average time thinning the film of 3 sec. These 
calculations 1188 one additional experimentally estimated quantity: the average time for pulling up the finger, tstiok, of 0.1 sec. 


logarithm of objective viscosity. These data were obtained by at- 
taching to the finger a small sled with 0.06-cm runners, so that the 
finger touched the fluid but did not thin the fluid film. The best 
line through these data has a slope of 0.89 f 0.06, in good agree- 
ment with the value of 1.00 predicted from Eq. 18. This slope is 
also consistent with earlier experiments showing that perceived 
force varies linearly with objective applied force (1). Both this re- 
sult and the previous one illustrate how fluid mechanics, exempli- 
fied here by film thinning, influences the subjective perceptions. 


Stickiness-The data for subjective and predicted stickiness 
are shown in Table 111. The first three columns again give the fluid 
and its rheological properties. The final column gives the subjec- 
tive stickiness as determined by ratio scaling. 


The remaining data are connected with the calculations, which 
are more involved in this case than in spreadability and viscosity. 
The calculation has two main steps. First, one must find the film 
thickness, hl,  a t  which the film is thinnest. Because hl was not ac- 
curately measured experimentally, it must be calculated from Eq. 
11. The key variable in this calculation is the time that the film is 
thinned by squeezing, which was found by experiment to be 3 sec. 
The second step is the calculation in Eq. 20, which depends on the 
minimum film thickness, hl ,  calculated in the first step; the pull- 
ing force, F1, measured experimentally; and the average time, 
t,r,&, for pulling the finger upward. This time was estimated as 0.1 
sec, but this estimation is not definitive. 


The theory culminating in Eq. 20 predicts that  a plot of the log- 
arithm of subjective stickiness uersus the logarithm of the right- 
hand side of Eq. 20 should have a slope of 1. This predicted slope 
is in good agreement with the experimentally determined slope of 
1.12 f 0.08 (Fig. 5). However, the agreement is not as good as that 
found in the two previous cases: the correlation coefficient be- 
tween subjective and predicted stickiness is only 0.90. This poorer 
agreement is probably a consequence of the much more involved 
calculations. 


Conclusions and  Limitations-The picture emerging from this 
study has a beguiling symmetry. For attributes assessed by a 
shearing motion, such as spreadability and viscosity, the percep- 
tion is of shear force with (approximately) constant velocity. For 
attributes assessed by a normal motion, like stickiness, the percep- 
tion is proportional to time or velocity with (approximately) con- 
stant force. Calculations based on this picture give correlation 
coefficients of 0.90 or better between subjective and predicted as- 
sessments. These calculations are most definitive for Newtonian 
liquids, where no additional properties need be measured. They 
are also successful for spreadability, where the additional parame- 
ters involved are easily measured. The calculations are least suc- 
cessful for stickiness, where they are most complex. 


However, the results given in this paper are limited by the fact 
that  only the apparent viscosity of the fluids varies widely. This 
single variable is doubtless partially responsible for the well-de- 
fined conclusions that  were reached. The effect of large changes in 


other physical properties may not be minor. For example, three 
physical properties that  would alter the results are fluid elasticity, 
fluid finger wetting, and fluid thermal conductivity. The first of 
these properties, which requires a more complex rheological model 
than that in Eq. 3, is probably more important for subjective ‘‘slip- 
periness” than for the three attributes involved here (15). When 
studying *elastic fluids, observers using ratio scaling frequently 
gave a value of zero to any nonelastic fluid, regardless of its viscosi- 
ty. 


Wetting between the fluid and the finger will strongly affect the 
total amount of fluid adhering to the finger and will change ho 
used in calculating both spreadability and viscosity. I t  also will af- 
fect H, the distance a t  which the finger separates from the fluid in 
the assessment of stickiness. Changes in fluid thermal conductivity 
are probably most important in the colloidal systems used in cos- 
metics, where the oil-in-water emulsion changes rapidly into a 
water-in-oil emulsion. This emulsion “break” causes a sudden 
300% change in the heat lost by the finger. These effects should be 
much easier to predict than those of elasticity. 


Because of these limitations, the results in this paper are a first 
step rather than an exhaustive picture. They allow the a priori 
prediction of some empirical exponents in Stevens’ law. They give 
a firmer basis to the universal curves of equivalent texture (5-7). 
They suggest a rationale for ingredient substitutions and may aid 
in planning test panels, but they are certainly no substitute for 
these panels. Nevertheless, the results provide an intriguing indi- 
cation that consumer reactions may be strongly influenced by 
physical restraints such as fluid mechanics. 


NOMENCLATURE 


FO = force used in thinning the film 
F1 = normal force developed in pulling the finger up- 


ward during assessment of stickness 
h = thickness of the fluid sample a t  any time t 
0 - initial thickness of the fluid sample h 


hl = minimum film thickness after squeezing during 


H = distance a t  which the finger separates from the 


m,n = consistency and flow index in the power law 


assessment of stickness 


fluid in assessment of stickiness 


model for non-Newtonian fluids 
P = pressure 


po = atmospheric pressure 
Q = volumetric flow per unit arc 
R = radius of the finger 
t = time 


tspread, tvisco, = times of assessments of spreadability, viscosity, 


u x  = velocity of flow in the x direction (Cartesian co- 
t s t i c k  and stickiness, respectively 


ordinates) 


Vol. 64, No. 6, June 1975 I 9 8 1  







ur  = velocity of flow in the r direction (cylindrical co- 
ordinates) 


assessment of spreadability and viscosity 
Vspread, V.,~s,o = average velocity with which the finger moves in 


p = viscosity of Newtonian fluids 
T==, T~~ = components of shear stress 


Tapread, ~~i~~~ = stress exerted by the fluid on the finger during 
assessment of spreadability and apparent vis- 
cosity, respectively 
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Some Antimicrobials Derived from Proflavine 
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Abstract 0 The shifts in the absorption and fluorescence spectra 
of 3-aminoacridine, proflavine, acridine orange, and acridine yel- 
low were employed to show that the singly charged cations, the 
predominant species at  biological pH, exist in the ground state in 
the amino form. In the lowest excited singlet state, however, the 
monocations of the diaminoacridines have the imino structure, a 
conclusion supported by the relative ground- and excited-state 
pKa values of the reactions of the monocation with H+. The 
ground-state amino structure has its positive charge concentrated 
at the heterocyclic nitrogen atom, a fact that is of primary impor- 
tance in determining the geometry of binding to DNA. 


Keyphrases 0 3,6-Diaminoacridine derivatives-electronic spec- 
tra and electronic structures Proflavine derivatives-electronic 
spectra and electronic structures Antimicrobials-3,6-diamino- 
acridine derivatives, electronic spectra and electronic struc- 
tures Electronic spectra and structure-diaminoacridine dyes, 
dependence upon solvent properties and state of protona- 
tion DNA-interaction with diaminoacridine dyes, electronic 
spectra and structure of dyes 


Several dyes (acridine orange and acridine yellow) 
derived from proflavine (3,6-diaminoacridine) are 
employed as bacteriostatic agents, biological stains, 
and spectroscopic probes of the interactions of nucle- 
ic acids with small molecules (1). These substances 
are well known for their mutagenic effects arising 
from their interactions with nucleic acids (2). The 
singly charged cations, which are the prevalent proto- 


tropic species, a t  biological pH derived from proflav- 
ine (3,6-diaminoacridine), acridine orange [3,6-bis(di- 
methylamino)acridine], and acridine yellow (2,7-di- 
methyl-3,6-diaminoacridine) have been employed ex- 
tensively in binding studies with nucleic acids (3). 
These dyes exhibit electronic absorption and fluores- 
cence spectral changes upon binding to DNA. 


The interactions of the diaminoacridines with 
DNA are generally believed to entail electrostatic as- 
sociation of the site of positive charge, in the singly 
protonated dye molecule, with a negatively charged 
phosphate ester linkage of the nucleic acid “back- 
bone.” In the case of proflavine, it has been shown 
that the remainder of the dye molecule is inserted be- 
tween two base pairs of the double helix (or between 
individual bases in single-stranded nucleic acids), 
oriented toward the center of the helix and stabilized 
by hydrophobic interaction with the helix (2). There 
is, however, some disagreement as to whether the 
positive charge of the singly protonated diaminoacri- 
dine cations is predominately concentrated at  the 
heterocyclic nitrogen atom of the acridine ring (the 
site of protonation) or a t  one of the amino nitrogen 
atoms. This argument arises from the possibility of 
writing the valence bond structures of the singly pro- 
tonated cations of proflavine in either of two ways (I 
and 11). 
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ur  = velocity of flow in the r direction (cylindrical co- 
ordinates) 


assessment of spreadability and viscosity 
Vspread, V.,~s,o = average velocity with which the finger moves in 


p = viscosity of Newtonian fluids 
T==, T~~ = components of shear stress 


Tapread, ~~i~~~ = stress exerted by the fluid on the finger during 
assessment of spreadability and apparent vis- 
cosity, respectively 
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Abstract 0 The shifts in the absorption and fluorescence spectra 
of 3-aminoacridine, proflavine, acridine orange, and acridine yel- 
low were employed to show that the singly charged cations, the 
predominant species at  biological pH, exist in the ground state in 
the amino form. In the lowest excited singlet state, however, the 
monocations of the diaminoacridines have the imino structure, a 
conclusion supported by the relative ground- and excited-state 
pKa values of the reactions of the monocation with H+. The 
ground-state amino structure has its positive charge concentrated 
at the heterocyclic nitrogen atom, a fact that is of primary impor- 
tance in determining the geometry of binding to DNA. 
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Several dyes (acridine orange and acridine yellow) 
derived from proflavine (3,6-diaminoacridine) are 
employed as bacteriostatic agents, biological stains, 
and spectroscopic probes of the interactions of nucle- 
ic acids with small molecules (1). These substances 
are well known for their mutagenic effects arising 
from their interactions with nucleic acids (2). The 
singly charged cations, which are the prevalent proto- 


tropic species, a t  biological pH derived from proflav- 
ine (3,6-diaminoacridine), acridine orange [3,6-bis(di- 
methylamino)acridine], and acridine yellow (2,7-di- 
methyl-3,6-diaminoacridine) have been employed ex- 
tensively in binding studies with nucleic acids (3). 
These dyes exhibit electronic absorption and fluores- 
cence spectral changes upon binding to DNA. 


The interactions of the diaminoacridines with 
DNA are generally believed to entail electrostatic as- 
sociation of the site of positive charge, in the singly 
protonated dye molecule, with a negatively charged 
phosphate ester linkage of the nucleic acid “back- 
bone.” In the case of proflavine, it has been shown 
that the remainder of the dye molecule is inserted be- 
tween two base pairs of the double helix (or between 
individual bases in single-stranded nucleic acids), 
oriented toward the center of the helix and stabilized 
by hydrophobic interaction with the helix (2). There 
is, however, some disagreement as to whether the 
positive charge of the singly protonated diaminoacri- 
dine cations is predominately concentrated at  the 
heterocyclic nitrogen atom of the acridine ring (the 
site of protonation) or a t  one of the amino nitrogen 
atoms. This argument arises from the possibility of 
writing the valence bond structures of the singly pro- 
tonated cations of proflavine in either of two ways (I 
and 11). 
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Table I-Long Wavelength Absorption and XILb) and 
Fluorescence (Xf) Maxima of 3-Aminoacridine and  Several 
3,6-Diaminoacridines in  Various States of Protonation in 
Aqueous and Sulfuric Acid Media 


Compound Species" hLb, nm hL,, n m  X,, n m  


3-Aminoacridine D 353 402 480 
M 365 452 528 
N 353 408 522 


3,g-Diaminoacri- T 348 395 477 
dine (proflavine) D 361 458 535 


- M 443 504 
N 393 514 


3,6-Bis(dimethyl- T 351 395 480 
amino)acridine D 370 494 575 


530 


535 


(acridine orange) 


2,7-Dimethyl-3,6- T 360 408 489 
diaminoacridine D 372 460 532 
(acridine yellow) M 444 502 


N - 394 498 


- 


- 
~ (% 


N 435 


- 


a T = triply charged cation, D = dication, M = monocation, and N = 
neutral species. 


Consequently, two models for the geometry of the 
intercalative binding of proflavine-like dyes have 
been proposed: one with the heterocyclic nitrogen 
atom directed toward a phosphate ester group, leav- 
ing both exocyclic amino groups outside the helix, 
and one with an exocyclic nitrogen atom directed 
toward a phosphate ester group, having the other ex- 
ocyclic group directed very nearly toward the center 
of the helix (3, 4). Lober (5) noted the similarity be- 
tween the absorption and fluorescence spectra of 
singly protonated acridine orange and pyronine G, 
the xanthene analog of acridine orange, and suggest- 
ed this similarity as evidence for the latter intercala- 
tion model. In pyronine G, the unprotonated mole- 
cule is singly charged and, because of the greater 
electronegativity of oxygen relative to nitrogen, 


. Structure 111 is favored over Structure IV. Conse- 
. quently, Structure V would, by spectral analogy, be 
favored over Structure VI for singly protonated acri- 
dine orange. 


To elucidate the electronic structures of the diami- 
noacridine dyes and, ultimately, their interactions 
with DNA, the present study of the dependence of 
their electronic spectra upon solvent properties and 
state of protonation was undertaken. 


EXPERIMENTAL 


The pH measurements were made on a pH meter' with a combi- 
nation silver-silver chloride glass electrode. Electronic absorption 
spectra were taken in 1-cm silica cells on a grating-type spectro- 
photometer2. Fluorescence measurements were taken on a fluores- 
cence spectrophotometer3 whose monochromators were calibrated 


I I1 
~~ 


Model 801, Orion Research, Inc., Cambridge, Mass. 
Model DB-GT, Beckman Instruments, Inc., Fullerton, Calif. 
Model MPF-ZA, Perkin-Elmer Corp., Norwalk, Conn. 


Table 11-Long Wavelength Absorption (Al4 and xiLb) 


and Fluorescence (At )  Maxima of 3-Aminoacridine and 
Several 3,6-Diaminoacridines in  Various States of Protonation 
in Chloroform 


Compound Species" n m  XIL,, n m  A t ,  n m  


3-Aminoacridine M 368 462 530 
N 352 407 495 


- Proflavine M 445 505 
N 397 497 


Acridine orange M 492 518 
432 498 N - 


Acridine yellow M - 446 503 
397 489 N - 


- 


- 


~~~ ~ 


a M = monocation, and N = neutral hpeciea. 


against the line emission spectrum of xenon. Emission spectra 
were corrected for the wavelength response of the monochromators 
and phototube by means of a corrected spectra accessory employ- 
ing a rhodamine-B quantum counter, 


3-Aminoacridine was prepared by the deamination of proflavine 
according to the method of Martin and Tong (6). Proflavine4, acri- 
dine orange4, and acridine yellow4 were purified by several recrys- 
tallizations of each from absolute ethanol. 


M 
solutions of 3-aminoacridine, proflavine, and acridine yellow. How- 
ever, because of the aggregation of acridine orange, which is appre- 
ciable at M, the spectra of this compound were taken on 1 X 


M solutions. The spectrophotometric titration procedures 
employed were described previously (7). 


Absorption and fluorescence spectra were taken on 1 X 


RESULTS 


The electronic spectral maxima of 3-aminoacridine and of the 
diaminoacridines in various states of protonation, in aqueous and 
sulfuric acid media, are presented in Table I. The spectra of 3-ami- 
noacridine are shown in Fig. 1. The spectral maxima of the neutral 
species and monocation derived from each compound, in chloro- 
form, are presented in Table 11. The pKa values (determined ab- 
sorptiometrically) for the various prototropic reactions are listed 
in Table 11. Also presented in Table I1 are the inflection points 
(pKa*) in the fluorometric titration curves corresponding to each 
measurable excited-state reaction. 
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Figure 1-Absorption spectra of 3-antinoacridine (4 X 
M). Ke+: N, nmtral; M, monocation; and D, dication. 


In each compound studied, only the neutral species + mono- 
cation interchange did not measurably occur during the lifetime of 
the excited state. The pKa* values for the trication + dication and 
dication monocation excited-state reactions are believed to cor- 
respond very closely to the excited-state dissociation constants for 
these reactions. 


DISCUSSION 


The longest wavelength absorption bands of arylamines may be 
thought to originate from the transfer of electronic charge from the 
amino group to the vacant r*-orbitals of the aromatic ring as a re- 
sult of the interaction of the ground-state molecular electronic dis- 
tribution with the electric vector of the exciting light (8). In the 
ground state, the aromatic ring is weakly conjugated with the 
amino group; but in the excited state the amino group is more ex- 
tensively conjugated with the aromatic ring, resulting in stabiliza- 
tion of the excited state relative to the ground state. As a result, 
the longest wavelength absorption band of the aminoaromatic lies 
at a lower energy or longer wavelength than the longest wavelength 
absorption band of the parent hydrocarbon. 


Protonation of the amino group removes the lone pair from con- 
jugation with the aromatic ring in ground and excited states, re- 
sulting in an absorption spectrum very similar to that of the parent 
aromatic hydrocarbon but slightly displaced due to the polarizing 
influence of the protonated amino group. The second longest 
wavelength band of an arylamine originates from an essentially 
ring-localized transition and is relatively unaffected by protona- 
tion of the amino group (8). The fluorescence of an arylamine, 
which entails the spontaneous transfer of charge from the aromatic 
ring back to the amino group, lies at longer wavelengths than that 
of the parent hydrocarbon. However, the excited state from which 
fluorescence occurs and the ground state to which it occurs are 
somewhat different than the corresponding states involved in the 
longest wavelength absorption process. 


The weakly conjugated amino group in the thermally equilibrat- 
ed ground-state molecule is essentially tetrahedral in geometry. 
Because electronic transitions are somewhat faster than nuclear 
motions, the amino group in the electronically excited state, pro- 
duced by absorption (the Franck-Condon excited state), is still 
predominately tetrahedral. However, subsequent to light absorp- 
tion and prior to fluorescence, the amino group becomes planar (or 
nearly so) with respect to the aromatic ring to give the molecular 
configuration of lowest energy in accord with the highly conjugat- 
ed excited amine. When fluorescence occurs, the light emission 
process is so rapid that the ground state in which the molecule ini- 
tially arrives is thermally excited, retaining the planar amino 


group of the excited-state equilibrium geometry. Because the ex- 
cited state involved in fluorescence is lower in energy than that in- 
volved in absorption and the ground state involved in fluorescence 
is higher than that involved in absorption, the fluorescence lies at 
longer wavelength than the longest wavelength absorption band. It 
can be concluded that, although both the absorption and fluores- 
cence processes in question involve transition between the ground 
and first excited singlet states, the absorption process reflects the 
ground-state molecular structure while the fluorescence process 
reflects the excited-state atomic configuration. 


In nitrogen heterocycles such as acridine, the introduction of 
amino groups produces spectral effects similar to those just dis- 
cussed but with some qualitative differences. The nitrogen atom is 
more electronegative than carbon and, therefore, exerts an attrac- 
tive influence on the s-electron system of the aromatic ring as well 
as on the lone pair of an amino substituent (9). Because the excited 
states of aromatic rings and arylamines are generally more polar 
than their ground states, the attractive or stabilizing influence of 
the nitrogen atom is generally greater upon the excited state than 
upon the ground state. The result is that the longest wavelength 
absorption and fluorescence bands of N- heterocyclic amines lie at 
longer wavelengths than in the corresponding carbocyclic systems. 
This effect is much more pronounced in ring-protonated N- hetero- 
cyclic amines, in which the ring-protonated nitrogen is even more 
electronegative. 


In aminoacridines, the longest wavelength absorption and fluo- 
rescence bands [the 'La bands in the Klevens and Platt (10) no- 
menclature system] are extremely sensitive in position to the state 
of protonation of the heterocyclic nitrogen atom. The second ab- 
sorption band (lLh) of an aminoacridine, however, is much less 
sensitive to protonation of the heterocyclic nitrogen atom and is 
indicative of the acridine ring system, lying at -350-370 nm in 
monosubstituted acridines. 


A t  this point, it is desirable to distinguish between two types of 
ring-protonated amino N- heterocycles: Type 1, those for which 
conjugation of the amino group with the aromatic ring cannot be 
represented by low energy canonical structures, e.g., 2-aminoacri- 
dinium ion (VII); and Type 2, those for which conjugation of the 
amino group with the aromatic ring can be depicted by a formal 
low energy valence-bond representation, e.g., 9-aminoacridinium 
ion (VIII and IX). 


Protonated N-heterocyclic amines of the first type are weakly 
conjugated in the ground state because of orbital occupancy re- 
strictions. However, they are substantially conjugated in the low- 
est excited state because the ?r*-orbitals, which become occupied 
in the excited state, provide an electronic pathway between the 
amino group and the aromatic ring (7). Therefore, these com- 
pounds are characterized by spectroscopic behavior of the kind 
discussed up to this point. Moreover, the dissociation constants of 
these species are typical of the class, having pKa -5-6 and pKa 
-0-1 for dissociation from the ring nitrogen atom and for protona- 
tion of the amino group, respectively (7). 


The second type of protonated N-heterocyclic amines may be 
extensively conjugated in the ground state because the canonical 
structure alternative to the protonated N-heterocyclic amine (the 
iminium ion) provides a low energy electronic distribution, which 
does not violate the restrictions imposed by the Pauli exclusion 
principle (7). The iminium structure may be regarded as the ex- 
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treme limit of conjugation of the amino group with the protonated 
heterocyclic ring. However, in such a structure, it is clearly impos- 
sible for light absorption to transfer charge from the exocyclic 
group to the ring. Rather, because of the positive chargeon the ex- 
ocyclic group, the low energy **-orbital associated with this group 
(similar to a carbonyl group), and the lone pair localized on the 
heterocyclic nitrogen atom, absorption entails transfer of charge 
from the ring to the exocyclic group so that conjugation of the exo- 
cyclic group is actually less extensive in the lowest excited singlet 
state than in the ground state. 


In this extreme situation, the ground state would be relatively 
more stabilized by the presence of the amino group and, as in the 
case of the 9-aminoacridinium ion, the 'La absorption and fluores- 
cence spectra would be expected to lie a t  shorter wavelengths than 
those of the acridinium cation (7). Moreover, the loss of aromati- 
city in the ground state should, as in the case of the g-aminoacridi- 
nium monocation, shift the 'Lb band (characteristic of aromatic 
ring size) to shorter wavelengths. 


Dissociation or protonation of the monocation restores the ami- 
noacridine or ammonium acridine structure, and either process 
thus shifts the spectra to longer wavelengths. The pKa values of 
these compounds also reflect the loss of positive charge a t  the ring 
nitrogen atom and the gain of positive charge at  the exocyclic ni- 
trogen atom in the ground state. For example, in g-aminoacridin- 
ium monocation, pKa = 10.0 for the heterocyclic nitrogen atom 
and -8.5 (7) for the exocyclic nitrogen atom. Moreover, the disso- 
ciation constants of the excited species of the Type I ring-proton- 
ated heterocyclic amines are more basic a t  the ring nitrogen atom 
and less basic a t  the exocyclic nitrogen atom while those of the 
Type 2 compounds are in the opposite order, in accord with the 
opposite directions of flow of electronic charge in either type of 
ring-protonated heterocyclic amine (7). 


As previously mentioned, the 9-aminoacridinium ion and the 2- 
aminoacridinium ion represent two extremes of conjugative behav- 
ior in ring-protonated N-  heterocyclic arylamines. In the 9-ami- 
noacridinium cation, the 9-iminoacridan cation form predominates 
because i t  is not only allowed electronically but also is electrostati- 
cally favored by the proximity between the heterocyclic and exocy- 
clic nitrogen atoms as well as by the inherently low aromatic sta- 
bility of the central ring of anthracene and acridine derivatives. 
However, in certain ring-protonated aminoacridines, such as 3- 
aminoacridine, the amino group is considerably more separated 
from the heterocyclic function so that the polarization of the 
amino lone pair of X to form XI is a weaker interaction than in the 
9-aminoacridinium cation. 


Moreover, the formation of XI from X entails the disruption of 
two aromatic rings, including one that is normally stabilized by an 
aromatic sextet, and is, therefore, less favorable electronically than 
the corresponding process in the 9-aminoacridinium cation. Under 
such circumstances, it is to be expected that the electronic distri- 
bution in the 3-aminoacridinium ion would be intermediate be- 
tween Structures X and XI. In this case, the long wavelength elec- 
tronic absorption band of the 3-aminoacridinium ion could entail 
transfer of electronic charge away from the amino group and 
toward the heterocyclic function if the actual structure is closer to 
the amino form (X), in the ground state, or transfer of electronic 
charge toward the imino group and away from the heterocyclic 
function if the structure is closer to that of the imino form (XI). If 
X more accurately represents the structure of the 3-aminoacridin- 
ium monocation, the long wavelength absorption band should shift 
to shorter wavelengths upon dissociation from the heterocyclic 
group or protonation of the amino group while the corresponding 
prototropic processes should result in absorption spectral shifts to 
longer wavelengths if XI is closest to the actual structure. 


Similar arguments are applicable to the shifting of the fluores- 
cence spectra of the 3-aminoacridinium monocation upon protona- 
tion or dissociation. However, because of the conformational relax- 
ation that takes place in the excited state subsequent to absorp- 
tion and prior to emission, it is possible that the electronic charge 


Table 111-Dissociation Constants for the Prototropic 
Equilibria in the Ground Electronic State (pKa) and  in the 
Lowest Excited Singlet State (pKa*) (Where Measurable by  
Fluorometric p H  Titrimetry) of 3-Aminoacridine and  of the 
3,6-Diaminoacridinesa 


T =  
Compound D + H +  


3-Aminoacridine 
PKa 
pKa* - 


Proflavine 


PK?* -9.0 


PKa -3.3 


PKa 


- 


PKa -2.7 


Acridine orange 


Acridine yellow 
PK?* -7.6 


-3.0 
-7.3 pKa* 


D =  M e  
M + H +  N + H +  


- 1 . 4  8.0 
-5.6 


0.3 9 . 5  
1 . 6  


0 .2  1 0 . 1  
1 . 1  


0.5 8 . 9  
1.5 


~ 


a T = triply charged cation, D = dication, M = monocation, and N = 
neutral species. 


redistribution produced by going from the ground state to the low- 
est excited singlet state would convert the predominately amino- 
type ground-state monocation X into the predominately imino- 
type excited-state monocation (XI) or vice versa. The result of 
such an interaction would be that protonation and dissociation of 
the monocation would produce absorption and fluorescence shifts 
in opposite directions. 


In 3-aminoacridine, the shifts of the 'La absorption and fluores- 
cence bands of the monocation upon dissociation to the neutral 
species or protonation to the dication, the presence of a well-de- 
fined 'Lb band (between 350 and 370 nm) in all species, and the 
greater acidity of the dication in the lowest excited singlet state 
relative to the ground state all indicate that the monocation of 3- 
aminoacridine is predominately aminoacridine-like in ground and 
lowest excited singlet states (X). 


In proflavine, the presence of the second amino group in the mo- 
nocation results in a somewhat more complicated picture. The tri- 
ply and doubly charged cdions derived from proflavine are similar 
in electronic structure to the dication and monocation, respective- 
ly, derived from 3-aminoacridine. Because of the absence of lone 
pairs on both amino groups, the spectra of the trication of proflav- 
ine are similar to those of an unsubstituted acridinium ion (the im- 
inium structure is impossible in the trication). Dissociation of one 
amino group to form the dication frees one lone pair for the inter- 
action with the aromatic system. Because of the positive influence 
of the remaining protonated amino group, the charge-transfer in- 
teraction between the free amino group and the heterocyclic ring is 
enhanced, with the greatest stabilization effected on the excited 
state because of its great charge-transfer character. As a result, the 
'La and fluorescence bands of the dication lie a t  slightly longer 
wavelengths than those of the monocation of 3-aminoacridine (be- 
cause of the lack of the -NH3+ group in the latter) as well as a t  
much longer wavelengths than the corresponding spectra of the 
trication. 


This behavior is anticipated for the spectrum of the amino form 
of the dication and is supported by the occurrence of the 'Lb band 
typical of an acridine ring as well as by the fact that the free amino 
group is less basic in the first excited singlet state than in the 
ground state. If the imino form predominated, the loss of aromati- 
city in the acridine ring should have shifted the 'Lb, lL., and fluo- 
rescence bands to shorter wavelengths while the imino structure of 
the exocyclic group should have resulted in enhanced basicity in 
the lowest excited singlet state. 


In the monocation derived from proflavine, the 'La absorption 
and fluorescence bands lie a t  wavelengths shorter than those of the 
corresponding spectral bands in both the monocation of 3-aminoa- 
cridine and the dication of proflavine. Moreover, the 'Lb band in 
the proflavine monocation is not visible. The lack of appearance of 
the 'Lb band is not in itself indicative, because this band could be 
extremely weak in intensity and buried under the tailing of the ex- 
tremely intense 'La band in the monocation of proflavine. How- 
ever, the shifting of the 'La absorption and fluorescence bands and 
the fact that pKa* > pKa for the dication-monocation intercon- 
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version suggest that at least the excited monocation is in the imino 
form (11). 


Upon dissociation of the monocation of proflavine (from the 
heterocyclic nitrogen atom) to form the neutral species, the ‘La ab- 
sorption band shifts to a shorter wavelength by an amount compa- 
rable to the corresponding shift in 3-aminoacridine. However, the 
fluorescence band of the monocation moves to a slightly longer 
wavelength upon dissociation from the heterocyclic nitrogen atom. 
These results indicate that, in the ground state, the monocation is 
predominately in the amino form (as 3-aminoacridine) and sup- 
port the conclusion that in the lowest excited singlet state the mo- 
nocation fluoresces as the imino valence tautomer. The neutral 
molecule is, of course, amine-like in ground and excited states, 
since an imino form in this species would be an inherently unstable 
zwitterion with positive and negative charges both borne by nitro- 
gen atoms (i.e., atoms of comparable electronegativity). 


The small shift of the ‘La band of the dicatian to shorter wave- 
lengths upon dissociation to the monocation can be rationalized in 
terms of the ground-state amino structures of both the dication 
and monocation as follows. Since the ‘La band arises from the pro- 
motion of an amino group lone pair electron to a r*-orbital of the 
acridinium ring, the release of an additional lone pair of compara- 
ble energy, by dissociating the dication to the monocation, does 
not have much effect upon the orbital aspect of the transition. 
However, while the positive charge of the ammonium group of the 
dication enhances charge transfer in the excited state and thereby 
lowers the energy of the transition relative to that in the 3-aminoa- 
cridine monocation, the extra lone pair in the proflavine monoca- 
tion causes greater electron repulsion in the charge-transfer excit- 
ed state and thereby destabilizes the excited state with respect to 
the ground state. Hence, the ‘La band of the proflavine monoca- 
tion lies at a shorter wavelength than that of the proflavine dica- 
tion or the monocation of 3-aminoacridine, while the ‘La band of 
the neutral proflavine lies a t  a shorter wavelength than that of 
neutral 3-aminoacridine. 


The spectroscopic and prototropic behavior of acridine orange is 
comparable to that of proflavine. However, the 2,7-dimethyl-sub- 
stituted proflavine, acridine yellow, behaves differently in one way. 
The fluorescence of the neutral molecule is at slightly shorter 
wavelength than that of the monocation. However, the excited- 
state pKa* of the dication-monocation interconversion is more 
basic than the corresponding ground-state pKa, indicating that the 
imino structure of the monocation is in the excited state. The 
anomalous fluorescence shift observed upon going from the mono- 
cation to the neutral molecule in acridine yellow appears to be due 
to greater steric inhibition, by the methyl groups in the 2- and 7- 
positions, of conjugation in the excited state of the neutral species, 
resulting in an anomalously short fluorescence wavelength in this 
species. The apparently greater sensitivity to solvent polarity or 
hydrogen-bonding capacity of the fluorescences of the neutral 
proflavine and acridine orange molecules relative to that of the 
corresponding monocations also reverses the order of the fluores- 


cence maxima of proflavine and acridine orange, although the 
amino and imino structures of the neutral molecules and monoca- 
tions are, presumably, preserved in chloroform (Table 11). 


In light 9f the results of these experiments, it may be predicted 
that proflavine, acridine orange, and acridine yellow bind in their 
monocation forms to DNA in such a way that the positively 
charged heterocyclic nitrogen atom is oriented toward a phosphate 
ester group. However, upon excitation, the sites of predominant 
positive charge in the monocations shift to the exocyclic nitrogen 
atoms. Thus, the excited dye molecules bound to DNA will gener- 
ally not be in the binding configuration of lowest electrostatic en- 
ergy. They will tend to reorient themselves as best they can, before 
fluorescing, to achieve the lowest energy configuration. Although 
translational motions of the bound entities are severely restricted, 
the lifetime of a typical fluorescent excited state is more than ade- 
quate to allow for rotational and vibrational rearrangements. Con- 
sequently, electronic absorption spectroscopy appears to be a very 
powerful and readily available tool for the probing of drug-recep- 
tor interactions. However, much more work remains to be done be- 
fore fluorescence spectroscopy can enjoy the same interpretive ver- 
satility. 
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Effect of Surfactants on Absorption through 
Membranes 111: Effects of Dioctyl Sodium 
Sulfosuccinate and Poloxalene on Absorption of a Poorly 
Absorbable Drug, Phenolsulfonphthalein, in Rats 


SHAH N. MALIK, DONALD H. CANAHAM, and M. WAFIK GOUDA 


Abstract 0 The influence of dioctyl sodium sulfosuccinate and 
poloxalene on the GI absorption of phenolsulfonphthalein in the 
rat was studied. Urinary excretion data after oral administration of 
the drug to intact rats and loss of the drug from the whole small in- 
testine as a loop were both utilized to assess the effect of the sur- 
factants on absorption. Dioctyl sodium sulfosuccinate markedly 
increased the absorption of the drug, and the extent was depen- 
dent on the surfactant concentration. Maximum effect was ob- 
served at the reported ED50, in rats, of the surfactant as a fecal 
softener. The mechanism responsible for absorption enhancement 
seems to be an alteration of the permeability of the intestinal 
membrane. Micellar complexation between the drug and the sur- 
factant resulted in a lesser increase in absorption a t  the higher sur- 
factant concentrations. Poloxalene did not increase drug absorp- 
tion, but higher concentrations caused a decrease in absorption 
due to micellar entrapments of the drug molecules. The influence 
of dioctyl sodium sulfosuccinate on the peritoneal absorption of 
the drug was also investigated. Lower doses of the surfactant in- 
creased absorption of the drug by altering the membrane perme- 
ability. Higher doses decreased absorption due to unavailability of 
the drug molecules entrapped in the micelles. 


Keyphrases 0 Surfactants-effects of dioctyl sodium sulfosucci- 
nate and poloxalene on absorption of phenolsulfonphthalein in 
rat 0 Dioctyl sodium sulfosuccinate-effect on absorption of phe- 
nolsulfonphthalein in rat, urinary excretion and in situ intestinal 
loop data 0 Poloxalene-effect on absorption of phenolsulfon- 
phthalein in rat, urinary excretion and in sttu intestinal loop da- 
ta 0 Absorption-effects of dioctyl sodium sulfosuccinate and pol- 
oxalene, rats 


Dioctyl sodium sulfosuccinate USP (I) and polox- 
alenel are two surfactants used medicinally as fecal 
softeners. It was suspected that the presence of I in 
combination with oxyphenisatin acetate, a nonab- 
sorbable peristaltic stimulant, resulted in promotion 
of intestinal absorption of oxyphenisatin and, there- 
fore, caused jaundice in several patients (1, 2). A sys- 
tematic study of the effect of these surfactants on the 
absorption of various drugs was undertaken. A previ- 
ous report (3) showed that both surfactants enhanced 
the absorption of pentobarbital, a readily absorbable 
drug, through the goldfish membrane. Dioctyl sodi- 
um sulfosuccinate was also found to change the rate 
of absorption of pentobarbital from the rat intestine 
(4). 


The purpose of the present investigation was to 
study the effect of both surfactants on the GI absorp- 
tion of a poorly absorbable drug, phenolsulfon- 
phthalein (phenol red), in the rat. 


Although Lish and Weikel (5) reported that I en- 
hances the absorption of phenolsulfonphthalein from 


Ethylene oxide-propylene oxide polymer of average molecular weight 
8350, obtained as Pluronic F-68, Wyandotte Chemicals Corp., Wyandotte, 
Mich. 


the rat colon while poloxalene does not, these investi- 
gators used only one concentration of the surfactants. 
Since the action of surfactants on drug absorption is 
known to be concentration dependent, and since 
more recent reports (6) have shown that phenolsul- 
fonphthalein, like most other drugs, is absorbed 
mainly from the upper GI tract, a more detailed 
study of the effect of various concentrations of the 
surfactants on the absorption of phenolsulfon- 
phthalein from the intact rat and from in situ intesti- 
nal loops was deemed appropriate. The effect of I on 
the peritoneal absorption of phenolsulfonphthalein 
was also examined. 


EXPERIMENTAL 


Poloxalene, dioctyl sodium sulfosuccinate2, and phenolsulfon- 
phthalein3 were all used as received. All other chemicals were ei- 
ther USP or reagent grade. 


Absorption Studies in Intact Rats-Male Sprague-Dawley 
rats, 200-380 g, were starved for 18-20 hr with water allowed ad li- 
bitum. The experiments were performed in a crossover fashion 
with each rat serving as its own control. About half the number of 
animals received a control dose of 2 ml of phenolsulfonphthalein 
solution (0.75 mg/ml) in distilled water by gastric intubation. The 
other half received an equal volume of the same solution in dis- 
tilled water containing one concentration of the surfactants stud- 
ied. After a recovery period of 3 days, the procedure was reversed. 


Urine was collected for 24 hr, and the amount of phenolsulfon- 
phthalein excreted was determined spectrophotometrically at 560 
nm following the method of Feldman and Gibaldi (7). The percent 
of the drug absorbed was calculated by means of a standard curve. 


In a second set of experiments, the test animals were injected in- 
traperitonealiy in a crossover fashion with 0.5 ml of phenolsulfon- 
phthalein solution (0.75 mg/ml) in distilled water or an equal vol- 
ume of the same solution in distilled water containing one concen- 
tration of dioctyl sodium sulfosuccinate. The amount of the drug 
excreted in the urine was determined as already described, and the 
percent absorbed in the presence of various concentrations of the 
surfactant was calculated. 


Absorption Studies from In Situ Intestinal Loops-Fasted 
Sprague-Dawley rats, 200-300 g, were used. The degree of intesti- 
nal absorption was measured using in situ single loop preparations 
(8, 9). The loop used was whole small intestine. The animals were 
anesthetized with ether, and a midline incision was made to expose 
the small intestine. Ligatures were placed about 1 cm distal to the 
pyloric junction and 1 cm proximal to the ileocecal junction. Care 
was taken not to occlude major blood vessels. Physiological saline 
was injected into the loop until the washings became clear. 


The rats were kept under light anesthesia for 20-25 min, before 
closing the ileocecal end, to allow for absorption of any residual so- 
lution. Five milliliters of phenolsulfonphthalein solution (0.75 
mg/ml) in distilled water or in various solutions of the surfactants 
was introduced into the intestines through the pyloric ligature by 
means of a syringe and a blunt needle. The midline incision was 
then closed and the animals were allowed to recover. The animals 


Aerosol O.T. 10046, Sargent-Welch Scientific Co. 
Analytical grade, J. T. Baker. 
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Table I-Total Urinary Excretion of Phenolsulfonphthalein 
after Oral Administration of 1.5-mg Dose with and 
without Dioctyl Sodium Sulfosuccinate" 


Surfactant Dose, Dose Absorbed, 
mg % f SD 


Control 
10 
Control 
20 
Control 
30 
Control 


4 . 8  f 0 . 7  
8 . 4  f 0.9 
5 . 4  f 1 . 0  


11.1 Z!X 3.0 
4 . 5  0 .5  


11 . O  f 1.7  
4 . 1  f 0 . 7  


40 8 . 2  f 1 . 7  


Values represent mean of nine animals. 


were sacrificed after 3 hr; the whole small intestine was removed, 
washed with saline to remove any blood adhering to its surface, ho- 
mogenized, and assayed for drug content according to Lish and 
Weikel (5). 


The percent of phenolsulfonphthalein absorbed was calculated 
by measuring the difference between the amount introduced into 
the loop and the amount recovered from the intestinal homoge- 
nate. 


Solubility Studies-Equilibrium solubility was employed to 
determine the extent and the nature of possible interactions be- 
tween the drug and the surfactants. Excess amounts of powdered 
phenolsulfonphthalein were placed in 25-ml ampuls with 10-ml so- 
lutions containing various surfactant concentrations. The ampuls 
were sealed and then rotated in a constant-temperature water bath 
at  37 f 0.1O. After equilibrium was achieved, an aliquot was fil- 
tered through 0.45-pm filters4; the amount of the drug in solution 
(adjusted to pH 10 with sodium hydroxide) was determined spec- 
trophotometrically a t  560 nm. 


Partition Studies-Solutions of phenolsulfonphthalein (0.05%) 
were prepared in a phosphate buffer (0.01 M, pH 6.0) or in the 
same buffer containing various concentrations of I. Ten milliliters 
of these solutions was added to an equal volume of n-octanol, pre- 
viously saturated with the buffer solution, in a 50-ml erlenmeyer 
flask. The contents were equilibrated at 37 f 0.lo for 2 days. After 
separation by centrifugation (at 37O), an aliquot of the aqueous 
phase was assayed spectrophotometrically for its drug content. 
The partition coefficient was calculated by difference. The organic 
phase, n-octanol, was chosen on the basis of its favorable nonpolar 
lipid character (10, 11). The pH of the solutions simulates the av- 
erage pH of the small intestine. 


2 2.0 ! M t 
4 1.8 
I- : 1.7 


1.1 y 
2 J I  1.0 I 


0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0 
CONCENTRATION OF DIOCTYL SODIUM 


SULFOSUCCINATE, % (w/v) 


Figure 1-Effect of dioctyl sodium sulfosuccinate on the 
equilibrium solubility of phenolsulfonphthalein a t  37'. 


Millipore. 


Table 11-Effect of Dioctyl Sodium Sulfosuccinate on t h e  
Absorption of Phenolsulfonphthalein from Rat 
Intestinal Loopsa 


Surfactant 
Concentration, Dose Absorbed, 


% (w/v) % * S D  


Control 
0 .25  
0 . 5  
1 .o 
1 . 5  


4 . 5  f 0 . 4  
1 7 . 5  f 5 . 8  
5 4 . 0  f 20.0  
73 .6  1 6 . 1  
50 .7  f 1 1 . 4  


a Values represent mean of at least six loops. 


RESULTS AND DISCUSSION 


Phenolsulfonphthalein is a poorly absorbable, weak acid (pKa 
7.9). The poor absorption of the drug from the small intestine is 
attributed to the low lipid-water partition coefficient of the union- 
ized form, while the poor absorption from the stomach can be at- 
tributed to the opening of the sulfolactone ring a t  low pH (52) and 
the generation of the benzenesulfonic acid group that becomes ion- 
ized at  the stomach pH (11). Intestinal perfusion studies in rats 
have shown that phenolsulfonphthalein is equally absorbed in the 
proximal and distal regions of the small intestine (12). At the con- 
centration employed in this study (0.75 mg/ml), phenolsulfon- 
phthalein absorption from the rat intestinal tract occurs mainly by 
passive diffusion (13). 


Effect of Dioctyl Sodium Sulfosuccinate on GI Absorption 
of Phenolsulfonphthalein-Table I shows the urinary recovery 
of phenolsulfonphthalein as the percent of dose after oral adminis- 
tration of 2 ml of a 0.75-mg/ml solution in the presence or absence 
of various concentrations of I. The percent of the drug absorbed in 
control animals was, on the average, about 5% of the dose adminis- 
tered. All doses of the surfactant significantly increased drug ab- 
sorption. Differences between absorption from solutions contain- 
ing I and control solutions are significant at p < 0.001 as deter- 
mined by the Student t test for paired data. 


The effect of I on the absorption of phenolsulfonphthalein from 
the intact rat was dependent on the amount of the surfactant ad- 
ministered. Maximum effect was observed at the dose level of 
20-30 mg, corresponding to a 1-1.5% surfactant concentration in 
.the administered solution. The dose that caused the maximum in- 
crease in drug absorption was approximately equal to 100 mg/kg, 
the ED50 reported for the fecal-hydrating effect of the surfactant 
(14). 


The enhancement of phenolsulfonphthalein absorption in the 
intact rat due to coadministration of the surfactant could be the 
result of one or more mechanisms. For example, dioctyl sodium 
sulfosuccinate was reported to retard gastric emptying when ad- 
ministered intraduodenally (15). Such a delay in the GI transit 
rate could conceivably result in increased absorption of phenolsul- 
fonphthalein when the two drugs are administered together. Other 
possible mechanisms include a possible interaction between the 
surfactant and the drug and/or a direct effect of the surfactant on 
the GI membrane with a resultant change in drug absorption. 


Therefore, it was of interest to consider the absorption of the 
drug from a well-defined segment of the GI tract. The whole intes- 
tine as a loop is well suited for this purpose. This technique allows 
the study of the surfactant effect without the complicating prob- 
lem of gastric emptying and permits a better control of the concen- 
tration of the surfactant at the absorption site. In addition, it was 
of interest to determine if in situ techniques correlate with absorp- 
tion studies from intact animals. 


The results obtained from intestinal loop experiments are pre- 
sented in Table 11. A significant increase in the absorption of phe- 
nolsulfonphthalein in the presence of the surfactant was observed. 
Differences between absorption from solutions containing I and 
control solutions were significant a t  p < 0.001 as determined by 
the Student t test for unpaired data. The intestinal loop experi- 
ments also indicated a dose-dependent effect of the surfactant on 
the intestinal absorption of phenolsulfonphthalein. Although there 
were quantitative differences in the extent of absorption between 
intestinal loops and intact rat experiments, the activity of the sur- 
factant followed more or less the same pattern. These quantitative 
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Table 111-Apparent Partition Coefficients for 
Phenolsulfonphthalein (0.05%) in the  Presence of 
Various Concentrations of Dioctyl Sodium Sulfosuccinate 


Table V-Total Urinary Excretion of 
Phenolsulfonphthalein after Oral Administration 
of 1.5-mg Dose with and  without Poloxalene" 


Sur fac tant Apparent 
Concentration, Partition Coefficient 


% (w/v) (n-Octanol-Water) 


Control 0.09 
0.01 0.08 
0 . 1  0.08 
0.25 0.07 
0.5 0.08 
1 .o 0.07 
1 . 5  0.08 


differences are to be expected in view of the differences in the ef- 
fective concentration of both the drug and the surfactant a t  the 
absorption site and the differences in techniques. Nevertheless, 
the intestinal loop experiments proved to be in good qualitative 
correlation with intact animal absorption studies. 


The results of the absorption studies from intestinal loops 
suggest that other factors besides delay in gastric emptying are 
mainly responsible for absorption enhancement. A significant 
change in the ability of the drug to permeate the GI membrane 
may result from an interaction between phenolsulfonphthalein 
and the surfactant to form a complex with a higher affinity for the 
membrane. The magnitude of interaction of the drug with the sur- 
factant was determined by equilibrium solubility studies. Figure 1 
shows that the solubility of the drug increases above the critical 
micelle concentration (CMC) of the surfactant, indicating micellar 
complexation. 


The possibility that a complex of the drug and the surfactant 
has better affinity for lipoidal membranes was investigated by par- 
tition studies (Table 111). Both premicellar and postmicellar con- 
centrations of the surfactant did not increase the partitioning of 
phenolsulfonphthalein between n-octanol and water. 


On the basis of the absorption, solubility, and partition studies, 
it is suggested that the enhancement of phenolsulfonphthalein ab- 
sorption represents the sum of two main effects: modification of 
the permeability of the membrane and micellar complexation of 
the drug. The membrane effect of the surfactant is believed to in- 
crease absorption, while the micellar entrapment of the drug mole- 
cules usually decreases absorption. The results of the absorption 
studies indicate that the membrane effect is predominant. How- 
ever, at higher concentrations of the surfactant (higher doses), the 
micellar entrapment results in a lesser increase in absorption. Sev- 
eral reports (4, 8, 16-20) attributed the absorption enhancement 
effect of various surfactants to a direct effect on the biological 
membrane. 


The absorption studies in intact rats indicated that any effect of 
the surfactant on membrane permeability was reversible. Urinary 
excretion data obtained from control studies in rats, 3 days after 
each had received the surfactant, were essentially identical to 


Table IV-Total Urinary Ekcretion of 
Phenolsulfonphthalein after Intraperitoneal 
Administration of 0.375-mg Dose with and  
without Dioctyl Sodium Sulfosuccinatea 


Surfactant Dose, 
mg 


Dose Absorbed, 
% f S D  


Control 60.4 f 6 . 8  
0.05 68.8 f 3.4 
Control 51.8 f 7 . 2  
0.25 60.9 =t 4 . 6  
Control 50.4 f 4.0 
0 . 5  55.6 f 3.4 
Control 49.0 f 6 . 8  
2.5 40.2 =t 8 . 6  
Control 56.0 f 4 . 5  
5 . O  35.4 f 6.7 
Control 57.0 f 4.9 
7.5 29.1 f 6 . 1  


Values represent mean of five animals. 


Surfactant Dose, Dose Absorbed, 
% & S D  mg 


Control 5 . 6  f 1 . 6  
10 5.6 f 1 . 3  
Con t r  ol 4.5 + 0 .9  
30 
Control 
50 
Control 


- ~ .~ 


4 .3  Z+Z 0 . 8  
5 .3  f 1 . 2  
5 .3  f 0.6 
5.0 f 1 .0  


100 3.7 f 1 .o 
Values represent mean of a t  least five animals. 


those obtained from control studies in rats with no previous expo- 
sure to the surfactant. 


Effect of Dioctyl Sodium Sulfosuccinate on Peritoneal Ab- 
sorption of Phenolsulfonphthalein-In view of the finding that 
the surfactant could change the permeability of the GI membrane, 
it was of interest to determine whether it has a similar effect on 
the peritoneal membrane. The results are shown in Table IV. The 
concomitant administration of the surfactant with the drug re- 
sulted in a small but significant ( p  < 0.01 as determined by the 
Student t test for paired data) increase in the drug absorption up 
to a 0.5-mg dose (corresponding to a 0.1% surfactant concentra- 
tion). Above this dose, the drug absorption was significantly de- 
creased. The effect of the surfactant on the peritoneal absorption 
of the drug was qualitatively similar to its effect on the GI absorp- 
tion. The extent in increase in absorption, however, was less in the 
case of peritoneal absorption, and a decrease in absorption was ob- 
served at  higher surfactant concentrations. 


The mechanism by which the surfactant changes the peritoneal 
absorption of the drug seems to be basically similar to the one ob- 
served in the GI absorption studies. A t  lower surfactant concentra- 
tion (lower dose), there was a potentiation of absorption through a 
direct effect on the membrane, At higher concentrations, the drug 
was entrapped in the micelies and was not readily available so a 
decrease in absorption was observed. The effect of dioctyl sodium 
sulfosuccinate on the peritoneal membrane and the resultant 
change in permeability reported in this study are in agreement 
with the findings of Mattocks and Penzotti (21). These investiga- 
tors reported that the same surfactant accelerated peritoneal dial- 
ysis of both urea and sodium phosphate, and they attributed its ef- 
fect to direct action on the structure of the mesentary membrane 
by removal of phospholipids. 


Effect of Poloxalene on GI Absorption of Phenolsulfon- 
phthalein-The total urinary excretion of the drug in the pres- 
ence and absence of the surfactant is shown in Table V. No in- 
crease in absorption was noticed with the lower doses of the surfac- 
tant, while a significant decrease (p < 0.05) was observed a t  higher 
doses. The results of the intestinal loop experiments are presented 
in Table VI. Again, the same pattern of surfactant activity was ob- 
served. There was no significant change at  lower concentrations, 
but a significant decrease in absorption ( p  < 0.001) was observed 
at higher concentrations. 


The failure of poloxalene to increase drug absorption from the 
GI tract of the rat is in contrast to the absorption-enhancing effect 
of similar concentrations of the surfactant of pentobarbital in the 
goldfish (3). This nonionic surfactant apparently can change the 


Table VI-Effect of Poloxalene on the Absorption of 
Phenolsulfonphthalein from Rat Intestinal Loopsa 


Surfactant 
Concentration, Dose Absorbed, 


% (w/v) % + S D  


Control 
1 .o 
2 .o  
3 . O  


4 .5  f 0.4 
3 . 9  + 0.7 
4 . 0  f 1 . 0  
1 . 4  f 1 . 1  


~~ ~ 


a Values represent mean of six loops. 
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Figure 2-Efect of poloxalene on the equilibrium solubility of 
phenolsulfonphthalein at 37'. 


permeability of the goldfish membrane but is unable to cause a sig- 
nificant change in the rat GI membrane. A similar nonionic surfac- 
tant, polysorbate 80, was also found to promote drug absorption in 
the goldfish but not in the rat (22). The lack of promotion of phen- 
olsulfonphthalein absorption by poloxalene observed in this study 
is in agreement with the findings of Lish and Weikel ( 5 )  and the 
reported lower toxicity of nonionic surfactants toward biological 
membranes (23). 


The decrease in absorption observed at  higher concentrations of 
the surfactant is attributed to micellar entrapment of the drug 
molecules, as evidenced by the solubility curve shown in Fig. 2. It 
is suggested that the drug in the micellar phase is unavailable for 
absorption. Therefore, the effective concentration a t  the absorp- 
tion site is less than the apparent concentration, resulting in a de- 
crease in absorption. Higher concentrations of other nonionic sur- 
factants were found by many investigators (24-27) to cause a simi- 
lar decrease in drug absorption. 


SUMMARY 


Dioctyl sodium sulfosuccinate, an anionic medicinal surfactant, 
increased the absorption of phenolsulfonphthalein, a poorly absor- 
bable drug, in the rat. Poloxalene, a nonionic medicinal surfactant, 
did not increase absorption of the drug; however, higher doses re- 
sulted in a decrease in absorption. The possibility that dioctyl so- 
dium sulfosuccinate, a widely used fecal softener, causes a similar 
enhancement of drug absorption in humans is currently under in- 
vestigation. 
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Effect of Surfactants on Absorption through 
Membranes IV: Effects of Dioctyl Sodium 
Sulfosuccinate on Absorption of a Poorly Absorbable Drug, 
Phenolsulfonphthalein, in Humans 


NAWAL KHALAFALLAH *, M. WAFIK GOUDA SX, and SAID A. KHALIL * 


Abstract To explore the effect of dioctyl sodium sulfosuccinate 
on drug absorption in humans, the urinary excretion of a poorly 
absorbable drug, phenolsulfonphthalein, administered in solution 
with and without the surfactant was determined. Coadministra- 
tion of a therapeutic dose of the surfactant with the drug solution 
resulted in a significant increase in the initial rate of absorption. A 
small increase in the extent of absorption was also observed. Pre- 
treatment with the surfactant for 6 nights, followed by administra- 
tion of the drug on the 7th day, did not significantly change the 
rate or extent of absorption. The surfactant is thought to have a 
direct effect on the GI membrane, resulting in a temporary change 
in its permeability. This effect appears to be reversible after a few 
hours. 


Keyphrases 0 Dioctyl sodium sulfosuccinate-effect on phenol- 
sulfonphthalein absorption, humans Phenolsulfonphthalein ab- 
sorption-dioctyl sodium sulfosuccinate effect, humans Surfac- 
tant effect-dioctyl sodium sulfosuccinate on phenolsulfon- 
phthalein absorption, humans 0 Absorption, drug-effect of sur- 
factant (dioctyl sodium sulfosuccinate) on phenolsulfonphthalein, 
humans 


Hepatic drug reactions are not uncommon. Various 
drugs were reported to cause such reactions, yet in- 
volvement of a laxative preparation in jaundice mani- 
festations is a novelty (1). Recently, clinical observa- 
tions describing hepatitis with jaundice manifesta- 
tions in humans, during long-term administration of 
a widely used and generally assumed innocent laxa- 
tive combination, were reported (1-3). This laxative 
product incorporates dioctyl sodium sulfosuccinate 
(I) as a wetting agent and a stool softener together 
with sodium carboxymethylcellulose and the cathar- 
tic oxyphenisatin acetate. A hypersensitivity to oxy- 
phenisatin was suggested as the probable cause of 
hepatitis (3). These reports have drawn attention to 
the possibility of I being indirectly responsible for 
causing jaundice. The surfactant was suspected of 
producing a hyperabsorptive state by a direct action 
on the biological membrane, resulting in the absorp- 
tion of toxic amounts of oxyphenisatin (4). Similarly, 
toxicity in rats (5) after oral administration of sub- 
toxic doses of danthron (1,s-dihydroxyanthraqui- 
none) with I was attributed to increased absorption 
of the former in the presence of the surfactant. Clini- 
cal data in humans (6) also support the observed tox- 
icity in rats. Consequently, warning notes have ap- 
peared in the literature concerning the hazards of 
drug combinations containing I (4,7).  


A systematic study of the effect of I on drug ab- 
sorption through biological membranes of varying 
complexities was undertaken. The purpose of such a 
study is to determine whether this seemingly inert 


surfactant (8) changes the absorption profile of rep- 
resentative drugs when both are given concomitantly. 
A previous report (9) showed that I enhances the ab- 
sorption of pentobarbital, a readily absorbable drug, 
in the goldfish. Dioctyl sodium sulfosuccinate also 
enhanced the absorption of a poorly absorbable drug, 
phenolsulfonphthalein, in the rat (10). Since animal 
studies may only indicate similar effects in humans, a 
study of the effect of this surfactant on drug absorp- 
tion in human volunteers was deemed appropriate. 
The effect of coadministration of the drug and the 
surfactant in solution on drug absorption under ex- 
perimentally controlled conditions was examined. In 
addition, the effect of I on the absorption of the drug 
under clinically oriented conditions was determined. 


EXPERIMENTAL 


Twelve healthy male volunteers participated in the present 
study (Table I). The study was designed in a crossover fashion. 
The urinary excretion of orally administered phenolsulfon- 
phthalein was determined subsequent to the administration of 
each of the following treatments: 
A. 20 mg of phenolsulfonphthalein' (12 subjects). 
B. 20 mg of phenolsulfonphthalein and 250 mg of dioctyl sodi- 


um sulfosuccinate2 (11 subjects). 
C. 20 mg of phenolsulfonphthalein and 500 mg of I (four 


subjects). 
D. 20 mg of phenolsulfonphthalein alone on the morning of the 


7th day following the daily administration of 200 mg of I, in the 
form of 50-mg capsules3, taken after supper for 6 successive days 
(six subjects). 


A t  least 1 week elapsed between two successive treatments in 
any one subject. Each dose was dissolved in 50 ml of water, and 20 
mg of sodium bicarbonate was added to aid the solubility of phe- 
nolsulfonphthalein. Solutions containing the doses were adminis- 
tered to subjects in the morning on an empty stomach. No food 
was allowed for the next 4 hr. Fluid intake was regulated to permit 
hourly collection of urine, and no other drug was permitted 
throughout the experimental period. Doses containing the surfac- 
tant, when administered, produced temporary throat irritation, 
which explains the reduced number of volunteers in Treatment C. 


Subsequent to dose administration, urine was collected hourly 
for 7-9 hr and then every 2-3 hr until the drug could no longer be 
detected in the urine. All urine samples were stored in a refrigera- 
tor and assayed within 24 hr according to McLeod et al. (11). The 
buffer solution, suggested by Ashley and Levy (12) to avoid under- 
estimation of phenolsulfonphthalein particularly in acidic urine, 
was used to dilute the urine samples. Diluted urine was centri- 
fuged, and the supernate absorbance was determined at  560 nm 
spectrophotometrically4. Necessary blanks were prepared using 
urine diluted with 0.1 N acetic acid. 


~~ ~~ 


Phenolsulfonphthalein, Nutritional Biochemical Corp., Cleveland, Ohio. 
Aerosol O.T. 10096, Sargent-Welch Scientific Co. 
Colace capsules, supplied by Mead Johnson Laboratories, Evansville, IN 


Unicam SP 500 spectrophotometer. 
41121 
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Table I-Effect of Dioctyl Sodium Sulfosuccinate on Phenolsulfonphthalein Absorpt ion in Humans 


24 hr -_ 
1 hr 


Treatments Treatments Age, Weight, 
Subject years kg A B C D A B C D 


Amount of Phenolsulfonphthalein Excreted, mg 
GM 28 66 0.16 0.69 0.60 0.42 1.5 3.9 
NK 31 55 0.22 0.69 0.47 0.48 1.8 2.7 
SK 40 95 0.14 0.91 0.45 -a 4.1 4.2 


0.30 -(I 0.36 0.23 3.1 -a 


-(I 0.53 2.3 2.1 
OA 26 90 


24 71 0.42 0.58 
0.20 0.50 - 0.19 1.8 2 .o 


S A  


- 0.30 1.6 3 .O 
A E  24 67 
A R  30 71 0.22 0.53 
A N  23 85 0.46 0.32 - 2 .o  1.6 


- 1.1 1.4 0.30 0.81 - 
- 3 .O 3.5 


AA 32 79 
27 86 0.40 0.48 


0.10 0.71 - 2.6 3.4 
MM 


- 2.1 2 .o 
WG 35 72 
HE 31 80 0.45 0.45 


- 


- 
- 
- 


3.5 
3.2 
3.3 
2.3 


3.4 
1.9 
-a 


1.8 
3.2 
2.2 
2.3 
- 


Mean 0.28 0.61 0.47 0.36 2.3 2.7 3.1 2.5 
RSD 45 29 21 23 37 35 17 27 
Statistical significanceb p <0.005 p <0.01 N.S. p < 0.1 N.S. N.S. 


a Subjects did not participate in t h i  treatment. * Paired t teat versus Tres 


RESULTS AND DISCUSSION 


The amounts of phenolsulfonphthalein excreted 1 and 24 hr fol- 
lowing Treatments A-D are given in Table I. The two excretion 
parameters reported were chosen to reflect the rate and extent of 
phenolsulfonphthalein absorption. Plots of the time course of drug 
excretion following the treatments are shown in Fig. 1. 


The average amounts of phenolsulfonphthalein excreted in 1 
and 24 hr in the control treatment (Treatment A) were 1.4 and 
11.3% of the dose, respectively. These values are in close agree- 
ment with those reported by other investigators (12). The urinary 
excretion pattern observed with the majority of subjects in the 
control study exhibited two excretion peaks a t  approximately 2 
and 5 hr. Ashley and Levy (12) reported similar excretion patterns 
in humans following the same dose of phenolsulfonphthalein as a 
solution. The secondary excretion rate peak, after food ingestion, 
was attributed to transfer of residual drug from the stomach to the 
intestine or enhanced absorption due to discharge of bile into the 
intestinal lumen. 


The urinary excretion data reported in Table I were statistically 
analyzed. Each set of data was compared with the control data 
from the same subjects using a paired t test (Table I). I t  can be ob- 
served from the 1-hr urinary excretion data thet coadministration 
of 250 mg of the surfactant and the drug (Treatment B) resulted in 
a significant increase in the rate of phenolsulfonphthalein absorp- 
tion. In the presence of the surfactant, 3% of the administered dose 
was excreted within 1 hr (Treatment B, average of 11 subjects) 
compared to a value of 1.4% of the dose in the absence of the sur- 
factant (Treatment A, average of the same subjects). The dose of I 
administered in Treatment B, which resulted in the hyperabsorp- 
tive state, was within the usual prescribed oral dose [loo-400 mg 
daily (13)]. Criticism has been raised against in situ data reporting 
surfactant effects on drug absorption. Such data are sometimes ob- 
tained under nonphysiological conditions, such as using high sur- 
factant concentration (14), which prevents extrapolation of results 
t o  human therapy. 


Coadministration of the drug and 500 mg of the surfactant re- 
sulted in a similar significant increase in the rate of absorption. In- 
spection of the 1-hr urinary excretion data following Treatment C 
suggests that  doubling the dose of the surfactant did not increase 
the rate of drug absorption over what was observed following 
Treatment B. On the contrary, there seemed to be a lesser increase 
in the absorption rate a t  the higher surfactant dose. This concen- 
tration-dependent effect of the surfactant was also observed in 
similar studies in the rat (10). The 500-mg dose of the surfactant 
corresponds to an approximately 1% concentration in the adminis- 
tered solution. Previous studies (10) showed that such a concentra- 
tion results in micellar entrapment of the drug molecules and, 
hence, the observed smaller increase in the absorption rate. The 
number of volunteers participating in both Treatments B and C 
was too small to permit statistical analysis of the difference be- 


itment A (same subjects). 


tween the two sets of data. 
In Treatment D, where there was premedication with capsules 


containing 200 mg of the surfactant for 1 week, experimental con- 
ditions were selected to simulate a possible clinical situation where 
this stool softener surfactant is administered for some time and a 
poorly absorbable drug is administered during the same period. 
Such a clinical situation is very likely. Treatments B and C simu- 
late another possible situation where patients may take the two 
drugs at the same time or where patients receive a combination 
dosage form containing the two drugs. I t  was a combination dosage 
form of I and the nonabsorbable oxyphenisatin acetate that  re- 
sulted in hepatic toxicity (1-3). 


The 1-hr urinary excretion data obtained following Treatment D 
indicates a small increase in the rate of absorption. The amount of 
phenolsulfonphthalein excreted increased from 1.3% (average of 
six subjects) to 1.8% of the dose (average of the same subjects). 
Statistical analysis of the data indicates that the difference be- 
tween the two means is not significant. This result could be due to 
a decline in the surfactant effect during the time (overnight) that  
elapsed before drug administration. The effect of this surfactant 
(9, 10) and others (15, 16) on animal membranes was found to be 
reversible; membranes regained normal behavior after some time. 


In the present study, the hyperabsorptive state described by the 
1-hr urinary excretion data following Treatments B and C was 
most probably due to a direct action of the surfactant on the mem- 
brane. A similar mode of action was suggested in animal studies 
using phenolsulfonphthalein with I (10). The latter was also shown 
to accelerate peritoneal dialysis of urea and phosphates in rabbits 
(17). Various investigators attributed promotion of drug absorp- 
tion in the presence of surfactants to a similar mechanism (15, 16, 
18-20). 


The exact mechanism of the surfactant-induced change in the 
membrane permeability is still unknown. The possibility of remov- 
al of phospholipids from the membrane by surfactants was sug- 
gested (17), as was alteration of the highly ordered barrier by such 
agents (21). Recently, Dujvone and Shoeman (22) reported that 
patients given therapeutic doses of dioctyl sodium sulfosuccinate 
excreted considerable amounts in the bile; therefore, the previous 
belief that  this surfactant is not absorbed from the GI tract was in- 
validated. 


I t  is likely that some of the surfactant molecules, in passing 
through the biomembrane, remain dissolved in the lipoidal cell 
wall. Plasticization results from the dissolution of low molecular 
weight compounds in high molecular weight materials. Physical 
properties, including permeability, undergo substantial changes. 
In the present study, dissolution of I in the lipoidal cell wall and a 
resultant permeability increase due to plasticization of the mem- 
brane was probably responsible for the observed increase in the 
rate of absorption of phenolsulfonphthalein. Lovering and Black 
(23) suggested a similar mechanism to explain the enhancement of 
permeation of phenylbutazone through everted rat  intestines. 
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Figure 1-Urinary excretion rates of orally administered phenolsulfonphthalein in human volunteers: (a) Subject G M ,  (b) Sub- 
ject N K ,  ( c )  Subject SK,  (d) Subject OA,  (e )  Subject S A ,  (f) Subject A E ,  ( g )  Subject A R ,  (h) Subject A N ,  (i) Subject A A ,  (j) 
Subject M M ,  (k) Subject WG, and (1 ) ,  Subject H E .  Key:  0, Treatment A ;  0 ,  Treatment B; A, Treatment C ;  and U, Treatment D. 
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Whatever the exact nature of this hyperabsorptiveness may be, 
it is generally agreed that i t  is reversible (9, 10, 15, 16). The mem- 
brane regains normal behavior toward drug permeation after some 
time, in contrast to the persistent hyperpermeability caused by 
fatty acids and aspirin (24). 


Administration of 250 mg of the surfactant in phenolsulfon- 
phthalein solution increased the total recovery of phenolsulfon- 
phthalein from 10.9 to 13.5% (average of 11 subjects that partici- 
pated in both Treatments A and B). This small increase was of 
borderline significance (0.05 < p < 0.1). Coadministration of 500 
mg of the surfactant and premedication with capsules containing 
200 mg of I did not significantly change the extent of absorption of 
phenolsulfonphthalein (Treatments C and D, Table I). Unavaila- 
bility of the drug molecules for absorption due to micellar entrap- 
ment (10) could be the reason why a 500-mg dose of the surfactant 
did not increase the extent of absorption. The regaining of normal 
permeability characteristics by the membrane is probably respon- 
sible for the lack of increase in the extent of absorption following 
premedication with the surfactant capsules. 


Two other factors should be considered for their possible impli- 
cations on the results obtained in this study. The first factor is the 
mechanism of absorption of phenolsulfonphthalein. The drug is 
reported to be absorbed in animals and humans by both passive 
and specialized mechanisms (11, 25, 26). The latter has been de- 
scribed as a low capacity active transport process. Surfactants 
have sometimes been shown to retard the net absorption of drugs 
absorbed mainly by active mechanisms, in spite of the absence of 
drug micelle interactions (27-29). In the present investigation, al- 
though the coadministration of 250 mg of the surfactant and phe- 
nolsulfonphthalein resulted in an increase in net absorption, the 
increase was not as high as anticipated. Therefore, the mechanism 
of absorption of phenolsulfonphthalein could have exerted a 
damping effect on the increase in net absorption. 


The second factor is that I has been reported to exert a pharma- 
cological effect in animals that is not shared by other surfactants. 
It retards gastric emptying rate and inhibits gastric secretion in 
rats (30). These effects were only demonstrated at  relatively high 
doses of the surfactant. Lish (30) reported retardation of gastric 
and intestinal motility using 100-1600 mg of I/kg in rats, while ef- 
fects on gastric secretion were observed with 20-100 mg/kg in rats. 
In the present study, the hyperabsorptiveness was achieved with 
an average dose as low as 4 mg/kg in humans. Furthermore, the ex- 
cretion pattern observed in Treatment B (Fig. 1) strongly suggests 
a direct action of I on the biomembrane and does not favor any of 
the previously discussed pharmacological effects of the surfactant. 
The sudden rise in urinary excretion rate of phenolsulfonphthalein 
during the 1st hr, with no apparent delay in peak excretion rate 
and no significant prolongation of absorption time, support the 
suggestion that the observed increase in absorption is due to a 
temporary change in membrane permeability. 


In conclusion, the results of this study show that the initial rate 
of absorption of a poorly absorbable drug, phenolsulfonphthalein, 
from solution can be increased by the coadministration of a widely 
used medicinal surfactant, dioctyl sodium sulfosuccinate. The ex- 
tent of absorption was only slightly increased. The results ob- 
tained also indicate that inclusion of this surfactant with the non- 
absorbable laxative, oxyphenisatin acetate, could be one reason for 
the observed hepatic toxicity of the combination dosage form (4). 


Therefore, it is imperative, as suggested by Tucker (31), that the 
possible effects of this and other surfactants on the absorption of 


each drug with which they are to be used be fully assessed. The 
drastic rise in excretion rate of phenolsulfonphthalein during the 
1st hr (Subject WG, Treatment B, Table I) is strong proof of the 
possible hazards that may result from a sudden unintentional rise 
of the blood level of a potentially dangerous drug. 
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Antimicrobial Evaluation of Diastereoisomeric 
2-Dimethylaminomethyl-6-phenylcyclohexanols and 
Related Esters 


J. R. DIMMOCK*=, W. A. TURNER*, and H. A. BAKER* 


Abstract 0 2-Dimethylaminomethyl-6-phenylcyclohexanone was 
reduced to give the isomeric 2-dimethylaminomethyl-6-phenylcy- 
clohexanols, which were then converted to a number of novel es- 
ters. These derivatives were screened against a wide range of mi- 
croorganisms. The alcohol possessing an  axial hydroxy group had 
high activity against Candida albicans, in contradistinction to the 
isomer having an equatorial hydroxy function, which was approxi- 
mately 30 times less active. The esters from the isomeric alcohols 
demonstrated a low level of antimicrobial activity with the excep- 
tion of the 10-undecenoyl ester of 2-dimethylaminomethy1-6- 
phenylcyclohexanol (possessing the equatorial hydroxy group), 
which showed significant activity against three pathogenic fungi. 


Keyphrases 2-Dimethylaminomethyl-6-phenylcyclohexanone- 
conversion to  isomeric alcohols and esters, screened for antimicro- 
bial activity 2-Dimethylaminomethyl-6-phenylcyclohexanols 
and esters-screened for antimicrobial activity 0 Antimicrobial 
activity-screening of diastereoisomeric 2-dimethylaminomethyl- 
6-phenylcyclohexanols and esters 


It is well established that P-aminoketones (Man- 
nich bases) have a wide range of chemotherapeutic 
properties (1-5) including antimicrobial activity (6- 
10). In addition, reduction of the keto group of Man- 
nich bases has led to compounds with increased 
pharmacological activity (4). It was decided to pre- 
pare the Mannich base from 2-phenylcyclohexanone 
to compare the activity of this ,f3-aminoketone (I) and 
related compounds with the corresponding acyclic 
derivative, 4-dimethylamino-l-phenyl-2-butanone, 
and its analogous derivatives. 


Reduction of I should lead to the formation of iso- 
meric alcohols (IIa and IIb), the differences in stereo- 
chemistry of which may reflect different potencies 
against microorganisms. Furthermore, it was hoped 
to use the concept of latentiation (11) by preparing 


I X,Y = 0 
II: X = H, Y = OH 


III and IV: X = H, Y = 0-C 


0 
aR' II R2 


R, = & = H, C1, N02, OCH, 


0 
X = H, Y = -C-(CH2)&H=CH2 


0 
II 


esters (111 and IV) that would be predicted to under- 
go in uiuo hydrolysis to the parent alcohols (IIa and 
IIb). The rate of hydrolysis in the series of benzoyl 
esters would be dependent on several factors, includ- 
ing the Hammett value of the nuclear substituents. 
In addition, steric impedance of the esters IV con- 
taining an axial ester group would be expected to be 
greater than in the series containing an equatorial 
ester configuration (111). The rate of hydrolysis of the 
esters, if carried out enzymatically, also may be de- 
pendent on the stereochemical requirements at  a re- 
ceptor site of the enzyme. Thus, a correlation be- 
tween the rate of release of the alcohols and antimi- 
crobial potency may emerge in this series of com- 
pounds. 


Finally, it was proposed to  synthesize the phenoxy- 
acetyl and 10-undecenoyl esters of IIa and IIb, which 
may lead to the release of phenoxyacetic and 10-un- 
decenoic acids in uiuo; both of these compounds are 
known to possess antifungal activity. 


EXPERIMENTAL' 


The preparation of the compounds described in this work was 
reported previously (12). The compounds in Table I were evalu- 
ated using an agar dilution method. In each case a stock solution of 
the compound was prepared by dissolving 20 mg of the sample in 1 
ml of dimethyl sulfoxide, followed by the addition of 3 ml of water. 
Aliquots of the stock solution were pipetted into melted trypticase 
soy agar (BBL) to give final concentrations of the compound of 
200, 50, 12.5, and 3.1 pg/ml. After hardening, the agar surface was 
inoculated with appropriately diluted suspensions of the test orga- 
nisms using a multiple inocula replicating device2. The seeded 
plates were incubated (18 hr a t  30° followed by 18 hr a t  37O), and 
the plates were then observed for microbial growth. 


The screening techniques for the compounds listed in Table I1 
were as follows. In the antibacterial screen, 1 ml of stock solution 
(1000 pg/ml) was added to 9 ml of nutrient broth to give an initial 
concentration of 100 pg/ml and 1:l dilutions were then added to 
nutrient broth. All tubes were inoculated with 0.1 ml of a 1 : l O  dilu- 
tion of an 18-hr culture of the test organism. All tubes were incu- 
bated for 24 hr a t  3 7 O  and then examined for growth. 


The antifungal screen involved the addition of 1 ml of the stock 
solution (1000 pg/ml) to 9 ml of Sabouraud broth to give an initial 
concentration of 100 pglml and 1:l dilutions were added to  Sab- 
ouraud broth. A spore suspension (0.1 ml) of Trichophyton granu- 
losum and Microsporum gypseum and 0.1 ml of a 1:lOO dilution of 
a broth culture of Candida albicans were added to the test tubes 
containing the various concentrations of the test substances. 
Tubes containing C. albicans were incubated a t  37" and tubes con- 
taining M. gypseum and Tr. granulosum were incubated a t  28'. 
Tubes were examined for growth after 4 and 9 days of incubation. 


In the antitrichomonal screen, 1 ml of the stock solution (1000 
pg/ml) was added to 9 ml of Diamond medium to give an initial 


Antimicrobial evaluations were carried out by Dr. Joseph F. Pagano and 
staff at Smith Kline & French Laboratories, Philadelphia, Pa. (Table I) and 
by Ayent Laboratories, Montreal, Quebec, Canada (Table 11). 


Steers. 
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Table I-Screening of 2-Dimethylaminomethyl-6-phenylcyclohexanone and 
Related Alcohol and Esters against Various Microorganismsa 


Microorganismb I IIa IIIa I I Ib  I I I C  I I Id  I I Ie  I I I f  IIIg 


Streptococcus faecalis >200 >200 >200 200 >200 >200 >200 >200 >200 
Staphylococcus aureus (R) c >200 >200 >200 203 >200 >200 >200 >200 >200 
Staphylococcus aureus (S) d >200 >200 >200 200 >200 >200 >200 >200 >200 
Klebsiella pneumoniae >200 >200 >200 >200 >200 >200 >290 >200 >200 
Pseudomonas aeruginosa >200 >200 >200 >200 >200 >200 >200 >200 >200 
Escherichia coli >200 >200 >200 >200 >200 >200 >200 >200 >200 
Salmonella typhimurium >200 >200 >200 >200 >200 >200 >200 >200 >200 


200 >200 >200 >200 >200 >200 Trichophyton mentagrophytes <12 >200 200 
Mycobacterium smegmatis 50 >200 >200 200 >200 >200 >200 >200 >200 


200 >200 >200 200 >200 >200 >200 >200 >200 Candida albicans 
Bacillus subtilis 200 >200 >200 50 >200 >200 >200 >200 >200 
Fusarium oxysporum 50 >200 >200 200 >200 >200 >200 >200 >200 
Penicillium citrinium 50 >200 >200 200 >200 >200 >200 >200 >200 
Aspergillus niger 50 >200 >200 200 >200 >200 >200 >200 >200 
Cryptococcus neoformans 50 >200 >200 200 >200 >200 >200 >200 >200 
Blastomyces dermatididis >200 >200 >200 200 >200 >200 >200 >200 >200 
Xanthomonas vesicatoria >200 >200 >200 200 >200 >200 >200 >200 >200 
Streptococcus pyogenes >200 >200 >200 50 >200 >200 >200 >200 >ZOO 


>200 >200 >200 50 >200 >200 >200 >200 >200 Sarcina lutea 


" Figures in table are the minimum inhibitory concentrations of the compounds in micrograms per milliliter. * The strains of miCrOOrg~isms in this table 
are identified by the following numbers: ATCC 9790. SK&F 24390, SK&F 23390, SK&F 4200, SK&F 11320, SK&F 12140, SK&F 11350, SK&F 17410, ATCC 
101, SK&F 3470, ATCC 6633, ATCC 9848, ATCC 16040, SK&F 330, EK1, EK2, ATCC 11551, ATCC 8668, and ATCC 9341, respectively. Strain resistant 
to penicillin G. Strain sensitive to penicillin G .  


concentration of 100 rg/ml and 1:l dilutions were made. Tubes 
were inoculated with approximately 2.5 X lo5 organisms/ml and 
examined microscopically for growth after 48 hr of incubation. 


RESULTS AND DISCUSSION 


The preparation and chemical properties of Compounds I-IV 
were described previously (12). Table I indicates that the 8-ami- 
noketone (I) had a good level of activity against the fungus Tricho- 
phyton mentagrophytes and low levels of activity against seven 
other microorganisms. Compound I was screened in the plaque in- 
hibition test against rhinoviruses HGP, 28, 1059, and 33342 and 
was inactive a t  a concentration of 100 pg. In another screen, I was 
shown to reduce Trichinella spiralis parasites in mice by 24% at  a 
dose of 50 mg/kg (25 mg/kg PO and 25 mgkg sc). 


Reduction of I with lithium aluminum hydride gave a 31 mix- 
ture of isomeric alcohols (Ha and IIb), which was separated by col- 
umn chromatography. Physicochemical determinations, principal- 
ly PMR spectroscopy, provided evidence of the stereochemistry of 
IIa and IIb (Scheme I). 


As can be seen from Tables I and 11, IIa was virtually devoid of 
antimicrobial activity. However, alcohol IIb, while failing to show 
significant activity against most of the microorganisms listed in 


Table 11, showed excellent activity against C. albicans. The large 
potency differences between IIa and IIb against this important 
pathogenic fungus are noteworthy, illustrating the potency varia- 
tions between geometrical isomers (13). The lack of activity in IIa 
may possibly be due to its accessible equatorial hydroxy group, 
which may allow facile metabolism and detoxification to occur. In 
addition, the equatorial hydroxy group may form hydrogen bonds 
readily prior to reaching a site of action. In comparing the bioacti- 
vity of I, IIa, and IIb, the broader spectrum of activity of I is note- 
worthy. It is possible that I, being a Mannich base, can undergo 
deamination to the corresponding a,@-unsaturated ketone, which 
may be the active derivative (14). Neither IIa nor IIb would be ex- 
pected to undergo such a biotransformation. 


The masking of the polar hydroxy group by forming the benzo- 
ate esters of IIa was accomplished. However, the unsubstituted 
compound (IIIa) was virtually devoid of antimicrobial activity in 
the screens chosen. Substitution of the aromatic ester function by 
electron-withdrawing influences, to increase the predicted in uiuo 
hydrolysis, yielded virtually inactive compounds (IIIb, IIIc, IIIe, 
and IIIf). The ester IIId, containing the electron-repelling me- 
thoxy group, would be expected to undergo slower hydrolysis than 
the other esters, but it failed to demonstrate a significant level of 
activity. The phenoxyacetyl ester (IIIg) showed virtually no activi- 


Table 11-Screening of the  Isomeric 2-Dimethylamino-6-phenylcyclohexan-1-01s 
and Related .Esters against Various Microorganismsa 


Microorganismb I I b  IVa IVb IVc IIa IIIb I I I d  IIIg I I I h  


Candida albicans 3.2 100 100 100 100 100 100 50 6. 25c 
Microsporum gypseum 100 50 25 50 50 100 100 100 3.2 
Trichophyton granulosum 100 50 50 100 50 100 100 >loo 6.25 


- - ~ ~ Staphylococcus pyogenes (R) d >lo0 >loo >loo >loo 100 
Staphylococcus pyo enes ( S ) .  >loo - >loo  >loo >loo 100 
Escherichia coli 100 >loo >loo >loo 100 
Aerobacter aerogenes 100 >loo  >loo >loo 100 
Salmonella pullorum 100 >loo >loo >loo 50 
Pseudomonas aeruginosa 100 - >loo >loo >loo 100 
Proteus mirabilis 100 - >loo  >loo >loo 100 
Proteus uulgaris 100 - >loo >loo >loo 100 
Klebsiella pneumoniae 100 - - 100 >loo >loo 25 
Serratia marcescens 100 100 >loo >loo 50 
Trichomonas vaginalis 100 - - 25 100 100 50 
Trichomonas foetus - 50 >lo0 >lo0 100 


- - ~ 


- ~ ~ streptococcus faecais 100 - >loo >loo >loo 100 
- - - - 
- - - - 
- - - - 


- - - 
- - - 


- - - 
- - 


- - - - 
- - 


a Figures in table are the minimum inhibitory concentrations of the compounds in micrograms per milliliter. The strains of microorganisms in this table are 
identified by the following numbers: AY-F-598, AY-F-605, AY-F-604, AY-B-353, AY-B-352, AY-B-355, ATCC 11229, AY-B-357, AY-B-358, AY-B-359, 
AY-B-360, AY-B-361, ATCC 10081, ATCC 9103. ATCC 30001, and ATCC 30003, respectively. Activity values against resistant strains of C. ulbicuns AY-F- 
610-619 were 20, 16, 32, 62.5, 32, 62.5, 62.5, 32. 32, and 32 rm/ml, respectively. Strain resistant to penicillin G potassium. e Strain sensitive to penicillin G 
potassium. 
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ty at high doses, suggesting that the ester was not breaking down 
to yield the established antifungal agent, phenoxyacetic acid. 


Attempts to prepare the analogous series of esters from IIb were 
not completely successful. Only in the case of the phenoxyacetyl 
ester (IVc) was a crystalline ester obtained uncontaminated with 
unreacted alcohol. In other cases, a mixture of alcohol and ester 
was obtained; this mixture proved difficult to separate, although 
IVa and IVb were obtained in very low yields. By the time IIb and 
its related esters were available for assessment as antimicrobial 
agents, the screen used to evaluate the previous compounds (Table 
I) became unavailable. However, the novel esters IVa, IVb, and 
IVc were evaluated elsewhere and compared to the analogous es- 
ters IIIb, IIId, and IIIg along with the isomeric alcohols IIa and IIb 
(Table 11). Esters IVa, IVb, and IVc did not show promising levels 
of activity, which may indicate failure for hydrolysis to occur 
under biological conditions. 


Finally, attempts to prepare the undecenoyl esters of IIa and IIb 
were undertaken. While an attempt to form the ester from the 


sterically hindered alcohol IIb was unsuccessful, IIa reacted with 
undecenoyl chloride to give IIIh in good yield. Table I1 indicates 
that IIIh possesses high activity against three species of pathogen- 
ic fungi. Further studies of IIIh against 10 resistant strains of C. 
albicans showed activity between 16 and 62.5 figlml (Table 11). 
considered to be too low a level to warrant further investigation. 
However, the fact that the undecenoyl ester (IIIh) showed far 
greater antifungal activity than the corresponding phenoxyacetyl 
derivative (IIIg) may indicate steric restraints of the aryloxyalkyl 
ester imposed by the bulky aromatic ring. The olefinic derivative 
(IIIh) may be able to undergo in oiuo hydrolysis to undecylenic 
acid. 


In summary, the work demonstrates that another Mannich base 
(I) shows antimicrobial potency as well as stereospecificity of the 
isomeric 2-dimethylaminomethyl-6-phenylcyclohexanols (110 and 
IIb) toward C. albicans. Esters of IIa, with one exception, pre- 
pared from IIa failed to enhance the antimicrobial potency and all 
of the esters of IV failed to retain the activity against C. albi- 
cans shown by the precursor alcohol IIb. The high activity of the 
undecylenic ester of IIa may be due to its ability for facile hydroly- 
sis to undecylenic acid, in which case the substituted cyclohexanol 
can be considered a novel carrier group for the active antifungal 
agent. 
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Determination of 
(f)-l,2-Bis(3,5-dioxopiperazinyl)propane Plasma Levels in 
Rats, Rabbits, and Humans by 
GLC and Mass Fragmentography 


W. SADRE", J. STAROSCIK, C. FINN, and J. COHEN 


Abstract 0 Specific assay procedures were developed to measure 
plasma concentrations of (&)-1,2- bis(3,5-dioxopiperazinyl)propane 
(I) by GLC using flame-ionization detection with a sensitivity limit 
of 5 pglml and by GLC-mass fragmentography with a sensitivity 
limit of 0.2 pg/ml. Applicability of the assay procedures was dem- 
onstrated in rats, rabbits, and humans. Plasma concentration-time 
curves of total 14C activity and intact I were obtained in rats and 
rabbits following oral and intravenous administration of I4C-I. 
Plasma elimination half-lives of I in the first 2 hr following intra- 
venous doses in rats were 40 and 45 min in two rats. Plasma levels 
of I were measured over 6 hr after an intravenous dose in rabbits 
and followed a two-compartment open model with a terminal log- 
linear plasma half-life of 85 min. Significantly higher total I4C lev- 
els compared to intact I plasma concentrations indicated rapid 
biotransformation in both rats and rabbits to unknown metabo- 


lites. The oral bioavailability appeared to be limited in both 
species relative to intravenous administration. Two patients re- 
ceiving 3 g of I/m2 in tablets orally showed plasma levels of I simi- 
lar to those obtained after oral doses in rats and rabbits, with peak 
concentrations a t  2 hr after the dose (3.8 pg/ml) and with still mea- 
surable levels 12 hr after the dose (0.4 pg/ml). 
Keyphrases 0 (f)-1,2-Bis(3,5-dioxopiperazinyl)propane-deter- 
mination of plasma levels, rats, rabbits, and humans, GLC and 
mass fragmentography Dioxopiperazines-determination of 
(f)-1,2-bis(3,5-dioxopiperazinyl)propane plasma level, rats, rab- 
bits, and humans, GLC and mass fragmentography 0 GLC-de- 
termination, plasma levels of (~+)-1,2-bis(3,5-dioxopiperazinyl)- 
propane, rats, rabbits, and humans 0 Mass fragmentography- 
determination, plasma levels of (f)-1,2-bis (3,5-dioxopiperazinyl) - 
propane, rats, rabbits, and humans 


The dioxopiperazine, (&)-1,2-bis(3,5-dioxopipera- 
ziny1)propanel (I, Scheme I) (l), is under clinical in- 
vestigation as a chemotherapeutic agent against vari- 
ous neoplasms (2, 3). Its interesting pharmacological 
properties include normalization of tumor vascula- 
ture and the prevention of metastases of Lewis lung 
tumor in mice (4-6). The plasma disappearance half- 
life of I, following intravenous injections of 14C-I in 
rats, was found to be about 30 min when measured by 
a bioassay using cultured Chinese hamster cells; total 
14C activity declined less rapidly, indicative of the 
presence of metabolites (7). The bioavailability of 
oral 14C-I doses in humans appeared to be inversely 
related to the amount administered as judged by 14C 
urinary excretion (8). 


This article reports a specific chemical assay using 
GLC with flame-ionization detection and, for low 
concentrations of I, GLC-mass fragmentography. 
These methods were previously applied in other 
pharmacokinetic studies, e.g., plasma levels of fluo- 
rouraci12. 


Rats and rabbits were utilized as experimental ani- 
mals to demonstrate the applicability of the assay 
procedures, since pharmacokinetic' data using the 
bioassay were available in rats (7) and evaluation of 
the effect of combination therapy with adriamycin 
and I on adriamycin cardiac toxicity is being investi- 
gated in rabbits. No intravenous preparation of I is 
yet available for human use due to limited solubility 
of the racemic mixture. The isolated optical isomers 
are considerably more soluble (9) and may provide an 
intravenous preparation in the future. 


1 Designated ICRF-159 by the Chemotherapy Department of the Imperi- 
al Cancer Research Fund. 


C. Finn and W. Sadbe, to be published. 


EXPERIMENTAL 


Instrumentation a n d  Apparatus-The assay was carried out 
on a gas chromatograph3 equipped with a flame-ionization detec- 
tor and a 1.8-m (6-ft) X 2-mm (i.d.) glass column packed with 3% 
polymethyl~iloxane~ on 100-120-mesh silanized diatomaceous 
earth5. Flow rates were approximately 35 ml/min for nitrogen, 30 
ml/min for hydrogen, and 300 ml/min for air. The injector, col- 
umn, and detector were operated a t  210,210, and 250°, respective- 
ly. 


The GLC-mass fragmentography assay was performed on a gas 
chromatograph6 equipped with an identical glass column and in- 
terfaced with a mass spectrometer7 by a separators. Helium, a t  a 
flow rate of 20 ml/min, was used as the carrier gas. The ionizing 
voltage was 70 ev. 


Reagents-Chemicals were of analytical grade with the excep- 
tions notedg. 


An ethereal alcoholic solution of diazomethane was prepared by 
the reaction of potassium hydroxide with N-methyl-N-nitroso-p- 
toluenesulfonamide'O and stored at  -10'. Because of its toxicity 
and explosiveness, all manipulations involving the generation or 
use of diazomethane were carried out in a well-ventilated hood be- 
hind a safety shield. 


GLC-To 0.5 ml of plasma containing 5-50 fig of I were added 
0.5 ml of saturated aqueous ammonium sulfate, 6.0 ml of ether- 
isopropyl alcohol (4:l v/v), and 0.05 ml of a solution of 5 pug of 
methyl arachidate in methanol as an internal standard. Samples 
were mixed on a vortex-action high-speed mixer in stoppered test 
tubes for 4 min and centrifuged. The ethereal phase was pipetted 
into another test tube and evaporated to dryness with a stream of 
nitrogen a t  40'. The residue was transferred to a 3.0-ml vial" with 


:* Varian Aerograph model 1400. 
4 ov-1. 


Gas Chrom Q. 


Varian MAT CH-7. 
fi Varian Aerograph model 2700. 


Biemann-Watson. 
Pure crystalline I (NSC-129943) was obtained from Dr. H. B. Wood, 


Drug Research and Development, Division of Cancer Treatment, National 
Cancer Institute, Bethesda, Md. Compound I1 was supplied by Dr. K. Hell- 
mann, Imperial Cancer Research Fund, London, England. 14C-Ethylene-la- 
beled I was provided by Dr. M. A. Leaffer, Isotope Synthesis Lab, Menlo 
Park, Calif. (Contract NIH-NIC 71-2161). 


lo  Diazald, Aldrich Chemical Co., Milwaukee, Wis. 
l 1  Reactivial, Pierce Chemical Co., Rockford, Ill. 
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3 X 0.5 ml of methanol, and the solution was again evaporated with 
a stream of nitrogen at  65'. 


The residue was dissolved in 0.2 ml of methanol, and about 1.5 
ml of diazomethane solution was added. The sealed vial was kept 
a t  room temperature for 4 hr, and then excess diazomethane was 
evaporated by allowing the opened vial to stand in the hood for 
several minutes. The remaining solution was evaporated to dryness 
with a stream of nitrogen a t  65'. Care should be taken to thor- 
oughly dry the residue a t  this point. The residue was dissolved in 
0.1 ml of methylene chloride, and a 2-3-pl aliquot of this solution 
was injected into the chromatograph. 


At a column temperature of 210', methyl arachidate and the di- 
methylated derivative of I had retention times of 6.5 and 8.0 min, 
respectively. Both chromatographic peaks were sufficiently sepa- 
rated from each other and from interfering peaks in the methylat- 
ed plasma extract to allow the determination of their relative 
heights. A plot of peak height of I/peak height of methyl arachid- 
ate uersus concentration of I was linear over the 5-50-pg/ml range 
of plasma. The column must be reconditioned at  about 260' for 15 
min after each injection to  elute less volatile plasma components. 


GLC-Mass Fragmentography Assay-Extraction and deriva- 
tizing procedures were identical to those in the GLC assay using 
flame ionization. In place of methyl arachidate, 0.1 ml of a solution 
containing 1 pg of I1 in methanol was added as the internal stan- 
dard'*. Aliquots of 2-3 p1 were injected on the column. The frag- 
ment ion at  m/e 155 was used to  monitor both methylated I and I1 
(Scheme I). At a column temperature of 230°, the dimethylated 
derivatives of I and I1 had retention times of 4.0 and 5.0 min, re- 
spectively. A standard curve was again constructed from peak 
height ratios by assaying plasma samples containing known 
amounts of I in the 0.2-2.0-pg/ml range. A plot of peak height of 
I/peak height of I1 uersus concentration of I was linear in this 
range. 


Radioactivity Analysis-Plasma samples (0.1 ml) were count- 
ed for 14C activity in 10 ml of scintillation fluid13 in polyethylene 
vials. The counter14 had a 14C efficiency of 75-85%, and counts 
were corrected by the channels ratio method. The 14C activity was 
expressed as equivalents of 14C-I. 


Animal Procedures-Female Sprague-Dawley rats, 250-300 g, 
were used. Blood samples were collected from a carotid cannula, 
spun in a micr~centrifuge'~, and frozen for subsequent analysis. 


Compound 11 could not be used as the internal standard for the flame- 
ionization GLC assay because it could not be adequately resolved from in- 
terfering plasma components. 


l3 Aquasol, New England Nuclear. 
l 4  Unilux 11, Nuclear Chicago. 
l5 Beckman. 


Table I-Mass Spectra  of N,N'-Dimethylated I a n d  I1 
Obtained by GLC-Mass Fragmentography 


N,"- 
N,N'-Dimethylated I Dimethylated I1 


Relat ive Relat ive 
Abundance, Abundance, 


m / e  % m / e  % 


58 
70 
99 


127 


22 58 22 
37 70 33 
22 99 21 
52 127 44 


141  7 . 6  155 100 
155 100 156 16 
156 28 
296 ( M + )  4 . 4  


- - 
- - 


Compound I was stable in frozen plasma samples over several 
weeks. New Zealand white rabbits, -2 kg, were also used and blood 
specimens were obtained from an ear artery. 


Doses of I were prepared in water, and sufficient 1.0 N HCl was 
added to dissolve all crystals completely. 14C-I was added to obtain 
a specific activity of 100 dpm/pg. All doses were administered oral- 
ly by stomach intubation or intravenously by injection over 1 min 
a t  a level of 120 mg/kg in rats and 50 mg/kg in rabbits. 


Clinical Protocols-Human subjects received oral doses of I (3 
g/m2) in tablets as part of their medical treatment in the Weitern 
Cancer Study Group. Blood samples were obtained by venipunc- 
ture into containers16 containing ethylenediaminetetraacetate and 
centrifuged, and the plasma was frozen for subsequent analysis. 
The use of this container resulted in an interfering peak with the 
same retention time as I, invalidating the flame-ionization GLC 
assay data. Plasticizers and similar compounds may have been 
possible contaminants. No interference by this contaminant was 
noted when utilizing single ion detection a t  m/e 155 in the GLC- 
mass fragmentography assay. 


RESULTS 


Assay Procedures-Chemical analysis of I imposed several an- 
alytical problems due to its polarity, amphoteric character, and 
lack of UV absorbance. The aqueous lipid extraction procedure, 
using saturated ammonium sulfate, yielded about 7096 recovery of 
the drug from plasma samples. Suitable GLC characteristics were 
obtained by derivatization with diazomethane to give the N,N'- 
dimethylated derivative (111, Scheme I). The sensitivity of the 
flame-ionization GLC procedure was limited to 5 r g  of I/ml of 
plasma due to interfering endogenous substances. Thus, single ion 
detection by mass spectrometry was employed to increase both 
specificity and sensitivity, Due to its close chemical similarity, 
Compound I1 was selected as the internal standard to  compensate 
for extraction losses and irreversible adsorption processes during 
analysis a t  low concentrations. 


The dimethylated derivatives of I and I1 are separated by GLC; 
both give rise to one major fragment ion a t  m/e 155 (Table I), 
which can he used to  quantitate I and 11. I t  is difficult to prove 
specificity of the assay for I in the presence of its metabolites since 
their structures remain unknown. The following criteria for assay 
interference by metabolites have to be met: extractability into the 
organic phase, identical GLC retention time, and fragment ion at  
m/e 155 representing a major peak in the mass spectrum. These 
criteria do not apply to possible hydrolytic polar metabolites. 
Therefore, the described assay is specific for I commensurate with 
current standards of plasma drug analysis. 


The detection limit of pure samples of I by monitoring the frag- 
ment ion a t  m/e 155 was in the low picogram range. The detection 
of I in plasma samples after extraction was limited to approxi- 
mately 0.2 pg/ml due to endogenous compounds with a high inter- 
ference probability a t  the relatively low mass setting of m/e 155. 
However, this sensitivity limit was sufficient to measure I in rat, 
rabbit, and human plasma following therapeutic doses. 


Plasma Levels in  Rats-The plasma concentration-time 


l6  Vacutainers. 
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Figure 1 - 1 4 1 2  plasma activity and intact I plasma levels fol- 
lowing a dose of 120 mg of I /kg  in two rats. Key: 0, I4C activity 
following intravenous dose; m, 14C activity following oral dose; 
0, intact I levels following intravenous dose; and 0, intact I 
levels following oral dose. 


curves measured by flame-ionization GLC and total 14C activity 
resulting from an oral and intravenous dose of 120 mg of I/kg in 
two different rats are depicted in Fig. 1. Following intravenous ad- 
ministration, plasma levels of I rapidly disappeared during the ini- 
tial distribution phase between 0 and 20 min and then declined 
with a half-life of about 40 min. A second rat showed a half-life of 
45 min under identical conditions. The volume of distribution was 
obtained by extrapolating the apparent log-linear elimination 
phase to zero time and amounted to 120% of body weight in both 
rats. Total 14C activity decreased less rapidly due to the formation 
of 14C-labeled metabolites. 


Following oral doses, peak plasma levels of 7 pg of I/ml were ob- 
tained after 2-4 hr, as measured by flame-ionization GLC (Fig. 1). 
Plasma levels of I were below the detection limit of this assay in all 
other samples. 


Plasma Levels i n  Rabbits-14C-I was orally and intravenously 
administered a t  a dosage of 50 mg/kg in two different rabbits (Fig. 
2). Total 14C plasma activity was again higher than the concentra- 
tion of intact I, which was followed by GLC-mass fragmentation 
over 6 hr. The intravenous plasma concentration uersus time curve 
of I could adequately be described by a two-compartment open 
model with a rapid a-phase ( a  = 4.15 hr-l) and a slower S-phase (6 
= 0.49 hr-l, T1/2 = 85 min). The zero time intercepts were A = 52 
rg/ml and B = 5.5 fig/ml. 


Peak plasma concentrations of 1.5 pg/ml were obtained about 1 
hr following oral administration and then declined parallel to the 
intravenous I concentration-time curve (Fig. 21, dropping below 
measurable levels 6 hr after administration. Total 14C plasma ac- 
tivity remained as high as 0.6 and 0.5 pg/ml 24 hr after oral and in- 
travenous administration, respectively, in these two rabbits. 


Plasma Levels in  Humans-The plasma concentration-time 
curve of I resulting from an oral dose of 3 g/m2 (4.5 g) was mea- 
sured by GLC-mass fragmentation (Fig. 3). Peak plasma levels of 
3.8 pg of I/ml were obtained 2 hr following administration. Similar 
plasma concentrations were achieved in another patient under 
identical conditions. Twelve hours following administration of I, 
the plasma concentration in this patient had declined to 0.4 pglml 
and was below the detection limit (0.1 pg/ml) 24 hr after adminis- 
tration. 


DISCUSSION 


The specific assay for the determination of I in plasma samples 
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Figure 2-14C plasma activity and intact I plasma levels fol- 
lowing a dose of 50 mg of I /kg  in two rabbits. Key: @, “C 
activity following intravenous dose; ., 14C activity following 
oral dose; 0, intact I levels following intravenous dose; and 0, 
intact I levels following oral dose. 


was developed to evaluate the pharmacokinetics of this antineo- 
plastic agent. The preliminary results are reported here. 


R a t  Studies-The plasma half-life of I measured by bioassay 
was about 30 min following an intravenous dose of 120 mg of I/kg 
(7). A plasma half-life of 40-45 min was found by the flame-ioniza- 
tion GLC assay under equivalent experimental conditions. There- 
fore, it is likely that no significant amounts of pharmacologically 
active metabolites were formed if one assumes that the bioassay is 
correlated with antineoplastic activity. Studies on the structure- 
activity relationships indeed demonstrate that  pharmacological ac- 
tivity is very structure specific, and slight modifications of the 
chemical moiety of I usually abolish its antineoplastic activity (1, 
10). However, it is difficult to assess pharmacological properties of 
I such as normalization of tumor vasculature, and formation of 
pharmacologically active metabolites cannot be ruled out. 


The plasma half-life of 40-45 rnin for I may not represent the 
terminal log-linear elimination phase, since plasma levels were 
only followed over 2 hr by flame-ionization GLC. 


Rabbit  Studies-Plasma concentrations of I were measured by 
GLC-mass fragmentography over several half-lives. A log-linear 
&phase for the elimination of I from plasma with a half-life of 85 
min was reached 2 hr following intravenous administration. Initial 
plasma concentrations of I after intravenous injection were compa- 
rable to those obtained in rats when correcting for the lower dose 
in rabbits. 


Plasma concentrations following oral doses were significantly 
lower than following intravenous doses in both species, indicating 
a limited oral bioavailability of I. 


Human Studies-Only two patients were evaluated, each giving 
plasma concentration-time curves for I similar in order of magni- 
tude to  those obtained after oral doses in rats and rabbits. There- 
fore, i t  appears that  both animal species may be useful as models 
for human pharmacological studies of I. 


I t  cannot be determined a t  this point whether the limited bio- 
availability of I from oral preparations is due to low solubility or to 
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Figure &Plasma concentrations of I in human subject fol- 
lowing an oral dose of 3 g of I / m 2  in tablets. 


slow absorption through the GI mucosa. When given orally, I was 
slowly absorbed in all experiments, although an aqueous solution 
was used in rats and rabbits. The bioavailability of I is being stud- 
ied. 
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Synthesis of 
2- ( N -  Arylcarboxamide) -3-substituted Ethoxyindoles and 
Their Monoamine Oxidase Inhibitory and 
Anticonvulsant Activities 


A. K. GUPTA*, C. DWIVEDIt, T. K. GUPTA*, 
SURENDRA S. PARMAR *x, and RAYMOND D. HARBISON * 


Abstract 2-(N-Arylcarboxamide)-3-substituted ethoxyindoles 
were synthesized by the reaction of 2-(N-arylcarboxamide)-3- 
hydroxyindoles, which were obtained by the cyclization of 2-carbo- 
methoxyphenylglycine-substituted anilides. These 2-(N-arylcar- 
boxamide)-3-substituted ethoxyindoles were evaluated for their in 
uitro monoamine oxidase inhibitory ability and in uiuo monoamine 
oxidase inhibitory property as evidenced by reserpine reversal re- 
sponse. Their anticonvulsant activity also was determined against 
pentylenetetrazol-induced seizures. No definite correlation could 


be observed between chemical structure and biological activity. 


Keyphrases 2-(N-Arylcarboxamide)-3-substituted ethoxyin- 
doles-synthesis, monoamine oxidase inhibitory and anticonvul- 
sant activities Monoamine oxidase inhibitory activity-synthe- 
sis and screening of 2-(N-arylcarboxamide)-3-substituted ethoxy- 
indoles, rat brain homogenate Anticonvulsant activity-synthe- 
sis and screening of 2-W- arylcarboxamide)-3-substituted ethoxy- 
indoles, mice 


Identification of serotonin in the brain as a possi- buty1)indole for the treatment of some types of de- 
ble central neurohumoral agent (1) and the wide- pression (3) and the ability of indole derivatives to 
spread occurrence of the indole nucleus among both inhibit rat brain and rat liver monoamine oxidase (4, 
naturally occurring and synthetic psychoactive com- 5) and to protect against pentylenetetrazol-induced 
pounds (2) stimulated an investigation of indole ana- seizures (6 ,  7) prompted the synthesis of some 2-(N- 
logs with potent central nervous system (CNS) ac- arylcarboxarnide)-3-~ubstituted ethoxyindoles and 
tivity. In addition, clinical efficacy of 3-(2-amino- their evaluation for CNS effects. 
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Figure &Plasma concentrations of I in human subject fol- 
lowing an oral dose of 3 g of I / m 2  in tablets. 


slow absorption through the GI mucosa. When given orally, I was 
slowly absorbed in all experiments, although an aqueous solution 
was used in rats and rabbits. The bioavailability of I is being stud- 
ied. 
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Synthesis of 
2- ( N -  Arylcarboxamide) -3-substituted Ethoxyindoles and 
Their Monoamine Oxidase Inhibitory and 
Anticonvulsant Activities 


A. K. GUPTA*, C. DWIVEDIt, T. K. GUPTA*, 
SURENDRA S. PARMAR *x, and RAYMOND D. HARBISON * 


Abstract 2-(N-Arylcarboxamide)-3-substituted ethoxyindoles 
were synthesized by the reaction of 2-(N-arylcarboxamide)-3- 
hydroxyindoles, which were obtained by the cyclization of 2-carbo- 
methoxyphenylglycine-substituted anilides. These 2-(N-arylcar- 
boxamide)-3-substituted ethoxyindoles were evaluated for their in 
uitro monoamine oxidase inhibitory ability and in uiuo monoamine 
oxidase inhibitory property as evidenced by reserpine reversal re- 
sponse. Their anticonvulsant activity also was determined against 
pentylenetetrazol-induced seizures. No definite correlation could 


be observed between chemical structure and biological activity. 


Keyphrases 2-(N-Arylcarboxamide)-3-substituted ethoxyin- 
doles-synthesis, monoamine oxidase inhibitory and anticonvul- 
sant activities Monoamine oxidase inhibitory activity-synthe- 
sis and screening of 2-(N-arylcarboxamide)-3-substituted ethoxy- 
indoles, rat brain homogenate Anticonvulsant activity-synthe- 
sis and screening of 2-W- arylcarboxamide)-3-substituted ethoxy- 
indoles, mice 


Identification of serotonin in the brain as a possi- buty1)indole for the treatment of some types of de- 
ble central neurohumoral agent (1) and the wide- pression (3) and the ability of indole derivatives to 
spread occurrence of the indole nucleus among both inhibit rat brain and rat liver monoamine oxidase (4, 
naturally occurring and synthetic psychoactive com- 5) and to protect against pentylenetetrazol-induced 
pounds (2) stimulated an investigation of indole ana- seizures (6 ,  7) prompted the synthesis of some 2-(N- 
logs with potent central nervous system (CNS) ac- arylcarboxarnide)-3-~ubstituted ethoxyindoles and 
tivity. In addition, clinical efficacy of 3-(2-amino- their evaluation for CNS effects. 
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Table I-2-Carbomethoxyphenylglycine-substituted Anilides Nncn,comAr 


Compound Ar 
Melting Yield, Molecular 


Point  % Formula 


Analysis, % 


Calc. Found  


I a-CioH~ 165 O 62 CzoHiJ'JzOz c 75.47 75.22 
H 5.66 5 .51  
N 8.81  8.53 


I1 P-CIOHI 171' 65 CmHisNzOz c 75.47 75.32 
H 5.66 5.54 
N 8.81 9.17 


I11 Z-OCZH~C~HI 128' 62 C W H Z O N ? ~ ~  C 69.23 69.01 
H 6.41 6.31 
N 8.97 9.22 


IV ~ - O C Z H S C ~ H ~  138' 70 CisHzoNzO3 C 69.23 69.51 
H 6.41 6.23 
N 8.97 8.69 


2,4- (CH3)zCsHz 155' 60 CisH2oNzOz C 72.97 74.13 
6.68 H 6.76 


N 9.46 9.17 
V I  3,4- (CH3)zCsHa 140 O 67 C I SH?PNZOZ C 72.97 72.69 


H 6.76 6.67 
N 9.46 9.73 


V 


ArNH, 


dry HCI gas methanol I 3 CICH,COCI 


ArNH COCH&l 


I -VI 


I. sodium 
2. methanol I 


w-XI1 


1. ethylene dibromide 
2. anhydrous potassium carbonate 
3. acetone 1 
OCH,CH2Br 
CONHAr 


H 
XIII-XVIII 


1. hydrazine hydrate (99-100%) 
2. absolute ethanol I 


H 
XIX-XXIV 
Scheme I 


In the present investigation, these indole deriva- 
tives were tested for their in uitro monoamine oxi- 
dase inhibitory property using kynuramine as a sub- 
strate and for their in uivo monoamine oxidase inhib- 
itory property as evidenced by the reserpine reversal 
tests. Their anticonvulsant activity against pentyl- 
enetetrazol-induced seizures was also determined so 
that it could be correlated with their monoamine oxi- 
dase inhibitory property. These 2-(N-arylcarboxam- 
ide)-3-substituted ethoxyindoles were synthesized 
following the steps outlined in Scheme I. 


EXPERIMENTAL 


Chemistry-Arylamines, on treatment with chloroacetyl chlo- 
ride, gave N-chloroacetyl derivatives (B) which, on reaction with 
methyl anthranilate (A), gave 2-carbomethoxyphenylglycine-sub- 
stituted anilides (I-VI). These anilides were cyclized in the pres- 
ence of sodium and methanol to the corresponding 2-(N-arylcar- 
boxamide)-3-hydroxyindoles (VII-XU). These 3-hydroxyindoles 
were refluxed with ethylene dibromide. in the presence of anhy- 
drous potassium carbonate in acetone. This reaction gave 2-(N- 
arylcarboxamide)-3a-bromoethoxyindoles (XIII-XVIII) which, on 
treatment with hydrazine hydrate, yielded 2-(N-arylcarboxam- 
ide)- 3a-hydrazinoethoxyindoles (XIX-XXIV). 


Analyses for carbon, hydrogen, and nitrogen were performed; 
melting points were taken in open capillary tubes. 


N-Chloroacetyl Arylamines (A)-A mixture of suitable aryla- 
mine (0.1 mole) and chloroacetyl chloride (0.11 mole) in dry ben- 
zene was refluxed on a steam bath for 4-5 hr. On cooling, the solid 
mass which separated was filtered, washed with water, dried, and 
recrystallized (8). 


Methyl Anthranilate (B)-Anthranilic acid (0.20 mole) was 
introduced into absolute ethanol (100 ml) saturated with dry hy- 
drogen chloride gas. The contents were refluxed for 2 hr, and the 
hot solution was poured into an excess of water. The pH of this so- 
lution was adjusted to  7.0 with sodium carbonate solution, and the 
solution was extracted with ether. The ether extract was dried, and 
removal of ether yielded methyl anthranilate, mp 2 3 O  (9). 
2-Carbomethoxyphenylglycine-substituted Anilides (I- 


V1)-N-Chloroacetyl arylamine (0.03 mole) and methyl anthrani- 
late (0.12 mole) were mixed and heated on a steam bath under an- 
hydrous conditions. After 10 hr, 100 ml of dry benzene was added 
and the separated methyl anthranilate hydrochloride was removed 
by filtration. Benzene was removed by distillation from the fil- 
trate. The residue was further heated for 8 hr, and the formed hy- 
drochloride was again removed by filtration. The clear benzene so- 
lution was washed with 10% HzS04, 20% NaZC03, and water to re- 


1002 / Journal of Pharmaceutical Sciences 







Table 11-2- (N-Ar ylcarboxamid e) - 3-hy droxy indoles n 


Compound Ar  
Melting Yield, Molecular 
Point  % Formula 


Analysis, % 
Calc. Found 


VII ff -c 1 OH7 


VIII b-ClOH7 


N 9.27 9.48 
IX 2-OCzHsCeHa 153' 54 Ci7HieNzO3 C 68.92 68.68 


H 5.41 5.31 
9.65 N 9.46 


X 4-OCzHsCeH, 210' 67 CnHieNz03 C 68.92 68.73 
5.32 H 5.41 


N 9.46 9.73 
XI 2,4-(CH3)zCeHt 204 O 60 C17H1&202 C 72.86 72.62 


H 5.71 5.51 
N 10.00 10.29 


XI1 3,4- (CHI)&& 225 O 58 Ci7HiBN20z C 72.86 73.13 
5.58 H 5.71 


N1O.OO 9.72 


move excess methyl anthranilate and dried. Excess benzene was 
removed by distillation; solid anilide, which separated on cooling, 
was collected by filtration, dried, and recrystallized. Crystals were 
characterized by their sharp melting points and elemental analyses 
(Table I). 
2-( N-Arylcarboxamide)-3-hydroxyindoles (VII-XI1)-To a 


solution of 2-carbomethoxyphenylglycine-substituted anilides (I- 
VI) (0.015 mole) in 15 ml of dry benzene with a few drops of meth- 
anol was added dry sodium (0.017 g-atom). This reaction mixture 


was refluxed on a steam bath for 2 hr under anhydrous conditions. 
The reaction mixture was allowed to cool, dry ether was added, 
and the residue was filtered and dissolved in cold water. The re- 
sulting solution was acidified with cold hydrochloric acid (50961, 
and the separated solid was filtered, dried, and recrystallized from 
suitable solvents. These crystals were characterized by their sharp 
melting points and elemental analyses (Table 11). 
2-(N-Arylcarboxamide)-3a-bromoethoxyindoles (XIII- 


XVII1)-To a solution of 0.011 mole of 2-(N-arylcarboxamide)-3- 


Table 111-2- (N-Arylcarboxamide) -3-substituted E thoxyindol es H 


Compound Ar 
Melting Yield, Molecular - 


X Point  % Formula 


Analysis, % 


Calc. Found 


XI11 ff-ClOH7 Br 100' 50 C21H17BrN202 C 61.61 61.42 
H 4.15 3.94 
N 6.85 7.11 


b-ClOH7 Br 113' 53 CZ1H17BrN2O2 C 61.61 61.87 
H 4.15 4.30 


XIV 


N 6.85 6.58 
xv 2-CIHsCsHd Br 


XVI 4-CzHsCaHd Br 


N 6.95 6.69 
59.21 C 58.91 
4.79 H 4.91 


N 7.24 7.10 
XVIII 3,4-(CHd1CaH3 Br 138' 55 C1gH18BrN?02 C 58.91 58.63 


4.73 H 4.91 
N 7.24 7.51 


70.28 C 70.00 
H 5.56 5.46 
N 15.56 15.31 


69.73 C 70.00 
H 5.56 5.66 


15.72 N 15.56 
64.71 C 64.41 
6.13 H 6.22 


N15.82 15.58 
XXII ~ - C I H ~ C ~ H ~  NHNHp 135' 58 Ci9H&J.& C 64.41 64.28 


H 6.22 6.08 
N 15.82 16.13 


XXIII 24- (CH3) 2CeH3 NHNHp 145 ' 53 C I sHz2N 4 0 2  C 67.45 67.73 
6.41 H 6.51 


N 16.57 16.33 
XXIV 3,4-(CH3)&& NHNHI 168 ' 55 CiJLzN40z C 67.45 67.27 


H 6.51 6.38 
N 16.57 16.81 


XVII 2,4- (CHdzCeH3 Br 105 ' 50 C18H19BrN202 


XIX ff-ClOH7 NHNHI 125 ' 57 CnH?oN402 


xx b-ClOH7 NHNHZ 230' 69 C2iH2oNdOz 


XXI 2-CpH5CeHd NHNHp 100 ' 45 C I ,H?zNaOa 
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Table IV-Biological Activities of 2- (N-Arylcarboxamide)-3-substituted Ethoxyindolesn 


Compoundb 


Anticonvulsant Activityc 


Approximate Protection, 24-hr Monoamine 
LDw mg/kg  % Mortali ty,  % Oxidase Inhibitiond 


XI11 
XIV xv 
XVI 


XVII 
XVIII 


XIX xx 
XXI 


XXII 
XXIII 
XXIV 


>loo0 
>loo0 
> 1000 
> 1000 
>loo0 
>loo0 
> 1000 
> 1000 
1000 
1000 


>loo0 
>loo0 


10 
0 
20 
30 
20 
20 
10 
20 
0 
20 
0 
0 


60 
80 
80 
70 
80 
80 
70 
70 
100 
70 
100 
100 


~~ 


33.33 f1.04 
45.24 f0.92 
23.81 f 0.68 
38.09 rk0.62 
28.57 f0.95 
33.34 f0.58 
76.19 fl.21 
21.43 f1.10 
28.57 f0.82 
30.95 f 0.77 
26.19 f0.58 
33.28 f 0.49 


“ No reserpine reversal response was noted. * Compound numbers as given in Table 111. Compounds were administered at a dose of 100 mg/kg ip. All 
values represent the mean with standard error calculated from three separate experiments done in duplicate. All compounds were diseolved in propylene glycol. 
An equivalent amount of propylene glycol was added to control tubes. Final concentrations of compounds and kynuramine were 2 X 10-4 and 1 X 10-i M, 
respectively. 


hydroxyindoles (VII-XII) in dry acetone was added 0.011 mole of 
ethylene dibromide and 0.011 mole of anhydrous potassium car- 
bonate. This reaction mixture was refluxed on a steam bath for 
15-20 hr. The reaction mixture was filtered, and excess acetone 
was removed by distillation. The crude product, which separated 
on cooling, was filtered, dried, and recrystallized from suitable sol- 
vents. These compounds were characterized by their sharp melting 
points and elemental analyses (Table 111). 
2-(N-Arylcarboxamide)-3a-hydrazinoethoxyindoles (XIX- 


XXIV)-A mixture of 0.004 mole of 2-(N-arylcarboxamide)-3a- 
bromoethoxyindole and 99-10096 hydrazine hydrate (0.004 mole) 
in absolute ethanol was refluxed on a steam bath for 12-15 hr. Ex- 
cess ethanol was removed by distillation. The crude product, 
which separated on cooling, was filtered, dried, and recrystallized 
from suitable solvents. These compounds were characterized by 
their sharp melting points and elemental analyses (Table 111). 


Determination of In Vitro Monoamine Oxidase Activity- 
Monoamine oxidase activity of rat brain homogenates, using kynu- 
ramine as the substrate, was determined by the spectrophotofluo- 
rometric method described by Dwivedi et al. (10). The 4-hydroxy- 
quinoline formed during oxidative deamination of kynuramine was 
measured fluorometrically’, using activating light of 315 nm and 
measuring fluorescence a t  the maximum of 380 nm. The percent 
inhibition was calculated from the decrease observed in absorb- 
ance. 


Determination of In Vivo Monoamine Oxidase Inhibition 
by Reserpine Reversal Test-Male healthy mice, 20-25 g, were 
divided into groups of five and kept in separate cages. A group of 
five mice was used for each compound. The compounds were ad- 
ministered in a 5% suspension of gum acacia in a dosage of 200 
mg/kg ip. Reserpine was administered (5 mg/kg ip) 4 hr after the 
administration of the compounds. 


In the control group of mice, reserpine produced sedation, 
ptosis, and miosis; in animals pretreated with phenelzine and par- 
gyline, known monoamine oxidase inhibitors, reserpine adminis- 
tration caused excitation, piloerection, mydriasis, and increased 
motor activity. Animals treated with test compounds were ob- 
served for these effects. 


Determination of Anticonvulsant Activity-Groups of 10 
male mice, 20-25 g, were used. Aqueous suspensions (5% gum acac- 
ia) of the test compounds were injected intraperitoneally a t  a dos- 
age of 100 mg/kg. Pentylenetetrazol (80 mg/kg sc) was adminis- 
tered 4 hr after administration of the test compounds. Animals 
were observed 60 min for occurrence of seizures (10). The number 
of animals protected in each group was recorded and the percent 
protection was calculated. Mortality was recorded 24 hr after 
pentylenetetrazol treatment. 


Determination of Approximate LD6o-The approximate 
LD50 was determined by the method of Verma et al. (11). All com- 
pounds were suspended in 5% aqueous gum acacia and adminis- 
tered intraperitoneally. 


Aminco Bowman spectrophotofluorometer. 


RESULTS AND DISCUSSION 


2-(N-Arylcarboxamide)-3-substituted ethoxyindoles inhibit 
brain monoamine oxidase activity (Table IV). All indole deriva- 
tives tested were found to  inhibit rat brain monoamine oxidase at  
a concentration of 2 X M. The various aryl substituents 
linked to a carboxamide moiety at  position 2 of the indole nucleus 
have no significant effect on the degree of inhibition, except 2-(N- 
a-naphthylcarboxamide)-3a-hydrazinoethoxyindole (XIX) which 
produces a relatively higher degree of inhibition. The presence of 
a-bromoethoxy (XIII-XVIII) and a-hydrazinoethoxy (XIX- 
XXIV) groups at  position 3 of the indole nucleus also had no sig- 
nificant effect on the degree of inhibition. 


In uiuo monoamine oxidase inhibitory activity of these com- 
pounds, as evidenced by the reserpine reversal test, is recorded in 
Table IV. These indole derivatives (XIII-XXIV) failed to produce 
a reserpine reversal response as observed with phenelzine and par- 
gyline. These observations revealed that these compounds were in- 
active in producing in uiuo monoamine oxidase inhibition. 


The anticonvulsant activity of the indole derivatives ranged 
from 10 t o  30% (Table IV). Compounds XIV, XXI, XXIII, and 
XXIV were completely devoid of anticonvulsant activity. These 
compounds also had lower protective ability against pentylenete- 
trazol-induced death. All indole derivatives had an approximate 
LD5o of either 1000 or >lo00 mgkg (Table IV). These data dem- 
onstrate the relatively low toxicity of these indole derivatives. No 
structure-activity relationships were noted. 
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PHA RMA C E  UTICAL ANAL YSIS  


GLC Trace Analysis of Dextromethorphan and 
Bromhexine Salts in Pharmaceutical Preparations 


J. L. FABREGAS and A. MARGALETX 


phan have been reported (10). None of these methods 
Abstract 0 GLC proved to be particularly well suited for trace has been used for the quantitative determination of 


bromhexine. Under the conditions described here, analysis of dextromethorphan and bromhexine salts in different 
pharmaceutical preparations, using diphenhydramine as the inter- 
nal standard. GLC was particularly well suited for the analysis of 


dextromethorphan and bromhexine in pharmaceuti- 
Keyphrases 0 Dextromethorphan salts-GLC analysis in phar- 
maceutical ,, Bromhexine anal,,sis in cal formulations containing antibiotics and essential ._ 
pharmaceutical preparations GLC-analysis, dextromethorphan 
and bromhexine salts in pharmaceutical preparations 


Oils. 


Due to its bronchial mucolytic action, bromhexine 
has been incorporated in pharmaceutical prepara- 
tions, especially since the preparation of N- (2-amino- 
3,5-dibromobenzyl)-N-cyclohexylmethylamine hy- 
drochloride (1). Other studies reported its pharma- 
cology (2), antitussive (3) and bronchosecretolytic ac- 
tivities (4), and metabolism (5,6). 


However, analytical procedures have been inade- 
quate to determine bromhexine and dextromethor- 
phan quantitatively in a pharmaceutical mixture, be- 
cause of their similar solubilities, analogous UV ab- 
sorptions (7, 8), and similar colorimetric reactions 
(9). Methods utilizing GLC analysis of dextromethor- 


Table I-Determination of Bromhexine and  
Dextromethorphan in Pharmaceutical Formulations 


Label Range 
Claim, Found, SD, CV, 


Formulation m g  * g  m g  % 


EXPERIMENTAL 


Chromatographic Conditions-A gas chromatograph' 
equipped with a -0.2-1.0-mv recorder* was used. A 1.5-m X 0.3- 
cm (5-ft X 0.125-in.) stainless steel column packed with 3% SE-30 
(silicone rubber) on 100-120-mesh Varaport 30 was used. The col- 
umn temperature was 180°, and the detector and injection port 
temperatures were 255 and 20O0, respectively. The nitrogen carrier 
gas flow rate was 30 ml/rnin at  37 psi. A flame-ionization detector 
was used with a hydrogen flow rate of 30 ml/min and an air flow 
rate of 300 ml/min. The optimal working attenuation was 8 X 


amp/mv. 
Reagents-Carbon tetrachloride and chloroform3, spectroscop- 


ic grade, were used. 
Internal Standard-After a number of trials with other mate- 


rials (codeine, ephedrine, chlorpromazine, and papaverine), di- 
phenhydramine was chosen as the internal standard because of its 
commercial availability as a pure reagent4 and its adequate separa- 
tion from the other compounds, resulting in a symmetrical peak of 
low retention time (-2.5 rnin). 


For the internal standard solution, 30 mg of diphenhydramine 
hydrochloride was extracted with carbon tetrachloride, in alkaline 
media, following the procedure described for the sample prepara- 
tion. The combined extracts were dried over anhydrous sodium 
sulfate and evaporated to dryness, and the residue was dissolved 
and diluted to 100 ml with carbon tetrachloride. 


Syrup Preparation of Samples-An accurately weighed sample, con- 
2 ,  2, 904-2, 940 o. 037 1, 28 taining dextromethorphan and bromhexine salts equivalent to 1.80 1.770-1.801 0.033 1 . 8 3  Bromhexine 


Dextro- 
methorphan 


Granulation 
Bromhexine 1.80 1.770-1.800 0.033 1 . 8 3  I Varian Aerograph 1740, Walnut Creek, Calif. 
Dextro- 2 .90  2.860-2.901 0.042 1 . 4 5  f Electronik 15, Honeywell, Inc., Philadelphia, Pa. 


methorphan .1 Merck. 
Benadryl hydrochloride, Parke-Davis & Co., Detroit, Mich. 
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Abstract 0 GLC proved to be particularly well suited for trace has been used for the quantitative determination of 
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Keyphrases 0 Dextromethorphan salts-GLC analysis in phar- 
maceutical ,, Bromhexine anal,,sis in cal formulations containing antibiotics and essential ._ 
pharmaceutical preparations GLC-analysis, dextromethorphan 
and bromhexine salts in pharmaceutical preparations 


Oils. 


Due to its bronchial mucolytic action, bromhexine 
has been incorporated in pharmaceutical prepara- 
tions, especially since the preparation of N- (2-amino- 
3,5-dibromobenzyl)-N-cyclohexylmethylamine hy- 
drochloride (1). Other studies reported its pharma- 
cology (2), antitussive (3) and bronchosecretolytic ac- 
tivities (4), and metabolism (5,6). 


However, analytical procedures have been inade- 
quate to determine bromhexine and dextromethor- 
phan quantitatively in a pharmaceutical mixture, be- 
cause of their similar solubilities, analogous UV ab- 
sorptions (7, 8), and similar colorimetric reactions 
(9). Methods utilizing GLC analysis of dextromethor- 


Table I-Determination of Bromhexine and  
Dextromethorphan in Pharmaceutical Formulations 


Label Range 
Claim, Found, SD, CV, 


Formulation m g  * g  m g  % 


EXPERIMENTAL 


Chromatographic Conditions-A gas chromatograph' 
equipped with a -0.2-1.0-mv recorder* was used. A 1.5-m X 0.3- 
cm (5-ft X 0.125-in.) stainless steel column packed with 3% SE-30 
(silicone rubber) on 100-120-mesh Varaport 30 was used. The col- 
umn temperature was 180°, and the detector and injection port 
temperatures were 255 and 20O0, respectively. The nitrogen carrier 
gas flow rate was 30 ml/rnin at  37 psi. A flame-ionization detector 
was used with a hydrogen flow rate of 30 ml/min and an air flow 
rate of 300 ml/min. The optimal working attenuation was 8 X 


amp/mv. 
Reagents-Carbon tetrachloride and chloroform3, spectroscop- 


ic grade, were used. 
Internal Standard-After a number of trials with other mate- 


rials (codeine, ephedrine, chlorpromazine, and papaverine), di- 
phenhydramine was chosen as the internal standard because of its 
commercial availability as a pure reagent4 and its adequate separa- 
tion from the other compounds, resulting in a symmetrical peak of 
low retention time (-2.5 rnin). 


For the internal standard solution, 30 mg of diphenhydramine 
hydrochloride was extracted with carbon tetrachloride, in alkaline 
media, following the procedure described for the sample prepara- 
tion. The combined extracts were dried over anhydrous sodium 
sulfate and evaporated to dryness, and the residue was dissolved 
and diluted to 100 ml with carbon tetrachloride. 


Syrup Preparation of Samples-An accurately weighed sample, con- 
2 ,  2, 904-2, 940 o. 037 1, 28 taining dextromethorphan and bromhexine salts equivalent to 1.80 1.770-1.801 0.033 1 . 8 3  Bromhexine 


Dextro- 
methorphan 


Granulation 
Bromhexine 1.80 1.770-1.800 0.033 1 . 8 3  I Varian Aerograph 1740, Walnut Creek, Calif. 
Dextro- 2 .90  2.860-2.901 0.042 1 . 4 5  f Electronik 15, Honeywell, Inc., Philadelphia, Pa. 


methorphan .1 Merck. 
Benadryl hydrochloride, Parke-Davis & Co., Detroit, Mich. 
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Figure 1-Typical gas chromatogram. K e y :  A, chloroform; 
B ,  diphenhydramine; C, dextromethorphan; and D ,  brom- 
hexine. 


2.3-3.2 and 1.4-2.5 mg of the respective bases, was extracted with 
five 35-ml portions of carbon tetrachloride in alkaline media. T o  
the combined extracts, dried over anhydrous sodium sulfate, was 
added 5.0 ml of the internal standard solution. After evaporating 
to dryness, the residue was dissolved in 1.0 ml of chloroform (Solu- 
tion A). 


Preparation of Standards-For the working standard solu- 
tion, a mixture was prepared of the same dextromethorphan and 
hromhexine salts5 that were subjected to analysis and of known 
content as free bases. Four portions, equivalent to 110,100,90, and 
80% of the formulation label claim, were accurately weighed and 
extracted following the procedure described for the sample prepa- 
ration. To the extracts, dried over anhydrous sodium sulfate, 5.0 
ml of the internal standard solution was also added. The resulting 
solutions were evaporated to dryness, and the four residues were 
dissolved in 1.0 ml of chloroform. 


Assay Procedure-One microliter of the sample (Solution A) 
and standard solutions was injected into the gas chromatograph. 
The chromatograph was operated isothermally for the first 2 min, 
temperature-programmed a t  2’/min, and switched to lZO/min just 
when the dextromethorphan peak reaches its maximum height. 
Under these conditions, the retention times relative to the internal 
standard were approximately 2.3 and 3.7 for dextromethorphan 
and bromhexine, respectively. 


The salts used in this study were prepared by the Research Division of 
Laboratorios Alrnirall, S.A., Barcelona, Spain. 


Calculations-The peak areas were measured by multiplying 
their peak height times their width at half-height. Two standard 
curves were then established from the four standard tests by plot- 
ting the ratio of peak areas of dextromethorphan base to the inter- 
nal standard against the weight of dextromethorphan base and the 
ratio of peak areas of bromhexine base to the internal standard 
against the weight of bromhexine base. 


The concentrations of dextromethorphan and bromhexine bases 
in the sample were determined by computing the dextromethor- 
phan-internal standard and bromhexine-internal standard peak 
area ratios, respectively, from the chromatogram and obtaining the 
corresponding weights from the standard curves. The values so ob- 
tained were then converted to percents of these two active ingredi- 
ents in the original pharmaceutical formulation sample. 


RESULTS AND DISCUSSION 


T o  determine the recovery of hromhexine, samples were pre- 
pared containing eight different levels of known amounts of brom- 
hexine base (1.55-2.55 mg); the precision of the chromatographic 
analysis was satisfactory. It was found that a linear relationship 
existed between the ratios of the observed peak areas of bromhex- 
ine base to the internal standard and the actual weight of brom- 
hexine. 


The results of this study led to the quantitative analysis of stan- 
dard mixtures of bromhexine and dextromethorphan salts, with 
good agreement in the working ranges of 1.40-2.00 and 2.30-3.20 
mg of the respective bases for 15 samples. 


The results obtained under the experimental conditions and the 
good performance of the column during several months of contin- 
ued use clearly indicate the column suitability for the proposed an- 
alytical system for conducting quality control assays of dextro- 
methorphan and bromhexine in pharmaceutical preparations. The 
results are shown in Table I. A typical gas chromatogram is shown 
in Fig. 1. 
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Quantitative GLC Determination of Conjugated Estrogens in 
Raw Materials and Finished Dosage Forms 


R. JOHNSONx, R. MASSERANO, R. HARING, B. KHO, and 
G. SCHILLING 


Abstract A GLC method is described for the quantitative anal- 
ysis of conjugated estrogens. The procedure was used for the anal- 
ysis of various estrogen mixtures obtained from formulations con- 
taining estrogen sodium sulfate salts. The method involves slurry- 
ing or dissolving a portion of the formulation in pH 5.2 buffer, hy- 
drolysis with sulfatase enzyme, extraction with ethylene dichlo- 
ride, and, finally, GLC separation and quantitation of the corre- 
sponding trimethylsilyl ethers on a 2.5% diethylene glycol succi- 
nate column. 


Keyphrases Estrogen sodium sulfate salt formulations-enzy- 
matic hydrolysis, GLC separation and analysis of conjugated estro- 
gens Conjugated estrogen mixtures-enzymatic hydrolysis of es- 
trogen sodium sulfate salt formulations, GLC separation and 
analysis GLC-separation, analysis, conjugated estrogens in es- 
trogen sodium sulfate salt formulations 


The analysis of conjugated estrogen mixtures has 
been the object of many studies. Various techniques 
such as TLC (1-3), liquid partition chromatography 
(4), colorimetric analysis (5), and GLC (6-9) have 
been used to separate and, in some cases, quantitate 
hydrolyzed estrogen mixtures of varying complexity. 
Gel permeation chromatography (10) also has been 
used in the partial resolution of some estrogen 
mixtures in conjugated form. 


However, most reported methods are of limited use 
in completely separating and quantitating equine es- 
trogen mixtures containing nine or more structurally 
similar estrogens. In many cases, these methods are 
not suitable for routine use because they may involve 
harsh hydrolysis techniques, lengthy extraction and 
purification steps, long elution times, and/or complex 
chemistry in the development of characteristic colors 
prior to quantitation. 


These problems initiated the development of an 
assay method that would conveniently and complete- 
ly hydrolyze the conjugated estrogens without creat- 
ing artifacts and that would separate and quantitate 
the individual free estrogens. GLC appeared to offer 
the most promising method for separating and quan- 
titating free estrogen mixtures. To accomplish this 
goal, it was necessary to  develop a quantitative pro- 
cedure for the complete conversion of the steroid 
conjugates to the free estrogens, After extensive in- 
vestigation involving hot acid, solvolysis, and enzyme 
hydrolysis, the enzyme procedure was selected be- 
cause it provided complete hydrolysis in the presence 
of tablet and other excipients without causing degra- 
dation. 


Other criteria imposed and satisfied by this meth- 
od are that i t  be relatively rapid, involve a limited 
number of steps, and offer a high degree of precision 
and accuracy. The method developed involves en- 
zyme hydrolysis of the estrogen conjugates, a single 


extraction step, formation of the trimethylsilyl ether 
derivatives, and, finally, GLC separation on a very 
polar, selective column. The major estrogen peaks 
(up to 11) are then quantitated with disk or digital 
integration, using testosterone as the internal stan- 
dard. 


EXPERIMENTAL 


Instrumentation-A research grade gas chromatograph' 
equipped with a U-shaped column and flame-ionization detector, 
together with a recorder2 fitted with a disk integrator or equiva- 
lent, was used. A silanized (11) 1.8-m (6-ft) U-shaped glass column, 
4 mm i.d., was packed with 2.5% diethylene glycol succinate? on 
100-120 Gas Chrom Q3. This packing is prepared by using a 2.0- 
2.5% solution of the polyester in acetone and by making use of the 
absorptive properties of the solid support as described previously 
(12, 13). 


Thorough degassing of the solid support under vacuum is also 
required to get a uniform liquid phase coating and to minimize 
tailing. The fluidized packing (14) is carefully packed into a col- 
umn and conditioned with oxygen-free4 nitrogen carrier gas a t  
200' overnight a t  45 ml/min. Several injections of a silylating re- 
agent5 are made to achieve a stable baseline. After conditioning 
and when the column is not in use, the column oven temperature 
should be lowered to 175'. 


Chromatographic Conditions-The following were utilized: 
column oven temperature, 195 f 5O; detector temperature, 240'; 
injection port temperature, 225'; nitrogen flow rate, 45 ml/min; 
hydrogen flow rate, 40 ml/min; air flow rate, 1.8 S.C.F.H.; and 
range and attenuation, 100-10-1K (1 X 


Reagents and  Standards-The following required reagents 
and solvents were all of reagent grade quality or equivalent: 3A 
ethanol, ethylene dichloride, acetic acid, redistilled dry pyridine, 
anhydrous sodium sulfate, and anhydrous sodium acetate. The 
nine free estrogens used to  determine chromatographic response 
factors relative to testosterone6 were of reference standard quali- 


Working Enzyme Solution-Sufficient enzyme concentrates is 
taken and diluted to 50 ml with distilled water to give a working 
solution containing about 1000 i 100 units of sulfatase enzyme/ml. 
All enzyme solutions should be stored a t  4' until use. 


Buffer Solution-The pH 5.2 buffer is prepared by combining 
21.0 ml of 0.2 M acetic acid solution and 79.0 ml of 0.2 M sodium 
acetate solution. The solution should be checked on a pH meter 
and adjusted, if necessary, to pH 5.2 i 0.1 unit. 


Standard Steroid Solutions-Standard solutions of the steroids 
are prepared in 3A ethanol with the approximate desired concen- 
trations (*lo%) as follows: 170-estradiol, 15 fig/ml; 17O-estradiol,2 
pg/ml; 170-dihydroequilin, 45 rg/ml; 17/&dihydroequilin, 6 rg/ml; 
170-dihydroequilenin, 6 rg/ml; 17@-dihydroequilenin, 6 rg/ml; es- 
trone, 180 pglml; equilin, 90 pg/ml; equilenin, 18 ,ug/ml; and testos- 
terone, 100 fig/ml. 


Standard Solution-One milliliter of each of the ten standards 


amp). 


ty7. 


Bendix model 2500 and F&M model 400 were used in these studies. 
Honeywell 19 recorder. 


Oxy-Sorb Trap, Regis Chemical Co., Morton Grove, Ill. 
Regisil [his(trimethylsilyl)trifluoroacetarnide plus 1% trimethylchlorosi- 


'i Hi-Eff lB, Applied Science Laboratories, State College. Pa. 


lanel. 
Analytical grade, Nutritional Biochemicals Inc., Cleveland, Ohio. 


' Ayerst Research Laboratories, Montreal, Quebec, Canada. * Glusulase, Endo Laboratories, Garden City, N.Y. 
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Figure 1-Separation of the components of a nine-estrogen 
standard with testosterone as the trimethylsilyl ethers. The peaks 
with their relative retention times are: 1, 17a-estradiol (0.230); 
2, 17p-estmdiol (0.272); 3, 17a-dihydroequilin (0.299); 4, 
176-dihydroequilin (0.353); 5, 17a-dihydroequilenin (0.627); 
6, 17@-dihydroequilenin (0.714); 7, testosterone (1 .OO); 8, 
estrone (1.452); 9, equilin (1.615); and 10, equilenin (2.988). 


is pipetted into a 12-ml centrifuge tube equipped with a Teflon- 
lined screw cap. Just  prior to use, the solutions are evaporated to 
dryness a t  40' in a water bath. The residue is dissolved in 15 p1 of 
pyridine and 65 pl of silylating reagent5, mixed well, and allowed to 
stand 15 min prior to injection. (The solution should be refrigerat- 
ed when not in use and discarded after 24 hr.) 


Preparat ion of Sample Extracts-Tablets-Randomly select 
10 tablets from the sample and weigh to the nearest 0.1 mg. Place 
them in a mill9 with one large and one small steel ball and mill 
them for 3 min. Collect the powder in an amber bottle and weigh a 
portion to the nearest 0.1 mg into a 60-ml (2-oz) extraction bottle 
fitted with a Teflon-lined screw cap. The sample weight should be 
approximately equivalent to one tablet so that from 0.3 to 2.5 mg 
of conjugated estrogens is taken for assay. 


Add 15 ml of pH 5.2 buffer to the bottle and cap tightly. Shake 
mechanically for 0.5 hr, sonify for 30 sec in a sonic bath, and shake 
for an additional 0.5 hr. Add approximately 1000 units of sulfatase 
enzyme to the bottle and incubate for 20 min with shaking in a 50 
f 2O water bath. Immediately, without cooling the enzyme hy- 


10 20 30 40 50 60 
MINUTES 


Fijgure 2-Separation of a mixture of estrogen trimethylsilyl 
ethers derived from Sample A (see Table II). The peaks with 
their relative retention times are: 1 ,  17a-estradiol (0.235) ; 2, 
17p-estradiol (0.280); 3,17a-dihydroequilin (0.304); 4, i s o - 1 7 ~ ~ -  
dihydroequilin (0.337); 5, 17p-dihydroequilin (0.356) ; 6, 
17a-dihydroequilenin (0.624); 7,17P-dihydroequilenin (0.715); 
8, testosterone (1.00); 9, estrone (1.443); 10, equilin (1.604); 11, 
A8,e-dehydroestrone (1.743) ; and 12, equilenin (2.980). 


Spex. 


Table I-C haracteristics of Different Batches of Diethylene 
Glycol Succinate Liquid Phase 


Measurement  Batch 1922 B a t c h  1989 


IR, cm-l 3530, 3460, 3550, 3470, 
3260, 2960, 2970, 2900 
2880 


TGA Two-step weight Single-step weight 
loss curve 


Viscosity", centistokes 0.646 
Titrationh, mEq H + / g  1 .OO 
Waterc, % 1 . 0 3  


loss curve 
0.739 
0 . 1 4 3  
0 . 8 6  


a These are relative measurements obtained on a 5% solution of polymer 
in acetone at 25O using a Ubbelohde viscometer, model 1B-290. *The 
polymer was dissolved in dimethylformamide and titrated with tetrabutyl- 
ammonium hydroxide in benzenemethanol (8: l).c The Karl Fischer method 
was used. 


drolysate, pipet 15 ml of ethylene dichloride into the bottle, cap 
tightly, and shake mechanically for 15 min. Centrifuge the bottle 
a t  -2000 rpm for 10 min and repeat if necessary to obtain a clear 
lower layer. Remove as much of this ethylene dichloride layer as 
possible and filter through a small amount of sodium sulfate (-5 g) 
in a 3.5-cm plastic funnel, containing a glass wool plug, into a 
12-ml centrifuge tube. 


Pipet a known aliquot containkg 200-500 fig of free estrogens 
into another 12-ml centrifuge tube fitted with a Teflon-lined screw 
cap. Add 1 ml of internal standard solution and evaporate to dry- 
ness at 40° in a water bath using nitrogen. T o  this dry residue, add 
15 p1 of dry pyridine and 65 p1 of silylating reagent5. Mix thorough- 
ly and allow the tube to stand 15 min prior to injection. The solu- 
tion is stable and may be stored in a refrigerator up to 24 hr in case 
a reassay is required. 


Injectable Vials-Carefully remove the caps from five lyophi- 
lized vials and add 5 ml of water to each vial. Recap, shake to dis- 
solve the cake, pipet 2 ml from each vial into a 25-ml volumetric 
flask, and then dilute to volume. Pipet 1 ml into a 60-ml(2-0z) ex- 
traction bottle fitted with a Teflon-lined screw cap and add 15 ml 
of pH 5.2 buffer and 1000 units of sulfatase enzyme. Proceed with 
the hydrolysis and remaining steps described under Tablets. 


Raw Materials-Given an approximate potency for the pow- 
dered sample, weigh one sample containing about 7.5 mg of conju- 
gated estrogens into a 120-ml (4-oz) extraction bottle fitted with a 
Teflon-lined screw cap. Pipet 75 ml of pH 5.2 buffer into the bottle 
and shake mechanically for 10 min. Sonify the sample for 0.5 rnin 
in a sonic bath and then shake for an additional 5 min. Immediate- 
ly pipet 15 ml of uniform suspension into a 60-ml (2-oz) extraction 
bottle. Add 1000 units of sulfatase enzyme and proceed with the 
hydrolysis and remaining steps under Tablets. 


Instrument  Standardization-Once the instrument has 
reached its operating temperature, the column should be condi- 
tioned with several injections of silylating reagent until a stable 
baseline is obtained. Inject about 2-4 j ~ 1  of silylated standard and 
adjust the sample size and/or instrument attenuation so the major 
peaks (17n-dihydroequilin, testosterone, and estrone) are greater 
than 70% of full-scale deflection. T o  establish the identity of the 
standard estrogen peaks, compare their relative retention times 
(RRT) uersus testosterone with those indicated in Fig. 1. 


Measure accurately the areas of the estrogen and testosterone 
peaks using disk integration. Assume an exponential decay of the 
solvent peak and draw in this curve to meet the observed baseline 
points after 17a-estradiol and after 17P-dihydroequilin. Drop per- 
pendiculars from each valley between the pertinent peaks to the 
projected baseline. This procedure will allow proper allocation of 
the peak areas to the estrogens involved. 


Using the measured peak areas and known concentrations, cal- 
culate a response factor (RF) for each of the nine estrogens as fol- 
lows: 


R F  = (2)(%) 
where At  = area of testosterone peak, Ct = micrograms of internal 
standard (testosterone) in standard, C, = micrograms of estrogen 
in standard, and A, = area of estrogen peak. 


The standard is injected again following the last sample scan of 
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Table 11-Compositions of Various Commercial  Samples Containing Mixtures of Estrogen Sodium Sulfate Saltsa 


Sample 


Componentb Ac Be C C  E d  


I 
I1 


I11 
IV 
V 


VI 
VII 


VIII 
IX 


Total  


0.063 0.002 
0.009 0.003 
0.217 0.039 
0.028 0.005 
0.019 0.013 


0.747 0.786 
0.395 0.335 
0.028 0.037 
1.513 1.240 


0.007 - 


0.005 
0.229 
- 
- 
- 
- 


0.806 
0.329 
0.122 
1.491 


0.048 


0.071 


0.036 


0.653 
0.330 
0.036 
1.174 


- 


- 


- 


0.004 
0.003 
0.007 


0.006 


0.488 
0.100 
0.052 
0.660 


- 


- 


F d  


- 
0.022 
- 
- 
- 
- 


0.792 
0.040 
0.023 
0.877 


Gd 


0.009 
0.005 
0.080 
0.011 
0.006 


0.612 
0.028 


0.751 


- 


- 


- 
- 
- 
- 
- 
- 


0.788 
0.116 
0.017 
0.921 


I J  Jo 


0.12 0.85 
0.05 0.14 
0.69 3.43 
0.11 0.37 
- 0.49 
- 0.13 


13.21 13.74 
6.75 7.17 
0.58 0.82 
21.51 27.14 


Kh Lh 


2.70 1.77 
- 0.29 
0.40 6.78 
- 0.94 
2.60 0.58 
- 0.29 


271.0 22.82 
27.7 12.11 
2.9 0.69 


307.3 46.27 


These numbers represent an average of two separate determinations. All Components are expressed as the estrogen sodium sulfate salts. Values are re- 
ported as milligrams per tablet, and samples have a label claim of 1.25 mg of conjugated estrogens/tablet. d Samples have a label claim of 0.625 mg of con- 
jugated eatrogens/tablet, and all values are reported as milligram per tablet. e Sample of international origin has a label claim of 1.00 mg of conjugated estro- 
gena/tablet with values as milligrams per tablet. An international sample with a label claim of 20 mg/vial with all values reported as milligrams per vial. 
a A sample of international origin with a label claim of 25 mg/vial with values reported as milligram per vial. * Powdered raw material samples with values 
reported as milligrams per gram. 


the day, and the RF’s are calculated and averaged with the first 
run. The average RF’s are then used in subsequent sample calcula- 
tions. 


Chromatographic Ana lys ig In jec t  a portion of silylated sam- 
ple. The injection size andlor instrument attenuation should again 
be adjusted to keep the major peaks greater than 70% of full scale. 
The sample estrogen peaks can be identified by comparing their 
RRT’s uersus testosterone with those indicated on the sample 
GLC scans (Figs. 2 4 ) .  Accurately measure the areas of the estro- 
gen and testosterone peaks using disk integration. 


For the peak clusters that are not completely resolved, the areas 
are allocated by dropping a perpendicular from the minimum to  a 
baseline projected across the base of the peak group. For the quan- 
titation of two naturally occurring double bond isomers, iso-17a- 
dihydroequilin and A8*9-dehydroestrone. two approaches can be 
taken. They can be listed separately and quantitative values can 
be reported for each, or their areas can be added to the areas of 
17a-dihydroequilin and equilin, respectively, since they are 
structurally closely related. For this study the second approach is 
used since it allows a more direct comparison of the GLC values 
obtained here with those values obtained using an official method 
(17). With this procedure, a single injection from each of four sam- 
ples can be assayed in between two injections of the standard on a 
single column in 1 day. 


The weight of the individual conjugated estrogens present in the 
samples is calculated from the response factors, the sample peak 
areas, and the constant; the weights of the individual species are 
then summed to get the total weight of conjugated estrogens pres- 
ent in the sample as follows: 


weight conjugated estrogens = constant (RF,)(A,) = 


mg conjugated estrogens 
unit  dosage form 


(tablet, vial, grams) 


(Eq. 2) 


and: 


15 ml (1.38)(10-3 mg/rg)(C,) 
constant = (dilution (Eq. 3) 


x ml ( y ) ( A , )  factor) 


where: 


15 ml = extract volume of ethylene dichloride 
1.38 = factor for converting “free” estrogens into their 


corresponding estrogen sodium sulfate salts 
mg/pg = conversion factor for micrograms to milligrams 


C, = micrograms of testosterone in sample 
dilution factor = inverse of any additional dilution of any sample 


x ml = number of milliliters of ethylene dichloride ex- 


y = equivalent number of dosage form units taken 


A t  = area of testosterone peak in sample 


tract taken for assay 


into the assay (tablets, vials, grams) 


RESULTS AND DISCUSSION 


Sample Preparation-During the early phases of this develop- 
ment work, attempts were made to extract the estrogen conjugates 
from tablet or formulation excipients. Initial results from recovery 
studies of estrone sodium sulfate from placebo tablets showed 
some small and unreproducible losses. Also, the multiple extrac- 
tions required proved tedious and time consuming. Therefore, the 
technique of suspending a portion of the powdered formulation in 
buffer, in the presence of sulfatase enzyme, was tried. This 
straightforward simple procedure was found to give consistent, 
quantitative recoveries. 


Various studies with mineral acid hydrolysis of estrogen conju- 
gates (15, 16) have shown that side reactions and steroidal trans- 
formations frequently occur. Since interest was in measuring the 
original components of the mixture without creating artifacts dur- 
ing workup, acid hydrolysis was not used. 


The level of enzyme necessary to achieve complete hydrolysis in 
the presence of excipients was also studied. Earlier work with very 
high levels of enzyme indicated that protein binding of the estro- 
gens and thick emulsions would be problems. The lower levels of 
enzyme used in this method (-1000 units of arylsulfatase/0.3-2.5 
mg of conjugated estrogens) give complete hydrolysis of the conju- 
gated estrogens within a short time without causing sample prepa- 
ration problems. A more detailed study of the enzyme procedure 
will appear elsewhere. 


Approximately 45 tablet samples from almost as many different 
manufacturers were assayed with this method. For two samples, 
the enzyme levels specified here were not high enough to achieve 


n 


i l  5 


10 20 30 40 50 
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Figure 3-Separation of a mixture of estrogen trimethylsilyl 
ethers derived from Sample D (see Table I I ) .  The peaks with 
their relative retention times are: 1, 17a-estradiol (0.233); 2, 
17a-dihydroequilin (0.299) ; 3, 17a-dihydroequilenin (0.626) ; 
4, testosterone (1.00); 5 ,  estrone (1.441); 6 ,  equilin (1.604); 
and 7, equilenin (2.957). 
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I: 17a-estradiol sodium 
sulfate 


11: 17P-estradiol sodium 
sulfate 


10 20 30 40 50 
MINUTES 


Figure 4-Separation of a mixture of estrogen trimethylsilyl 
ethers derived from Sample I (see Table I I ) .  The peaks with 
their relative retention times are: 1, 17a-estradiol (0.232); 2, 
17p-estradiol (0.281) ; 3, 17~-dihydroequilin (0.300) ; 4,  iso- 
17a-dihydroequilin (0.333); 5, 17p-dihydroequilin (0.355) ; 
6, 17n-dihydroequilenin (0.609) ; 7 ,  170-dihydroequilenin 
(0.721); 8, testosterone (1.00); 9,  estrone (1.427); 10, equilin 
(1.592); 11, A8n9-dehydroestrone (1.734); and 12, equilenin 
(2.969). 


111: 17a-dihydroequilin sodium 
sulfate 


IV: 17P-dihydroequilin 
sodium sulfate 


V: 17a-dihydroequilenin 
sodium sulfate 


0 


VI: 17P-dihydroequilenin 
sodium sulfate 


0 


VII: estrone sodium sulfate VIII: equilin 


0 


sodium sulfate 


IX: equilenin sodium sulfate 


0 


complete hydrolysis, because of the presence of certain tablet ex- 
cipients that  inhibited enzyme activity. A 5-20-fold increase in en- 
zyme activity was necessary to get complete hydrolysis and consis- 
tent recoveries in these two instances. Phosphate, a known inhibi- 
tor of sulfatase activity, was found in these two samples. 


Chromatography-A systematic study of a large number of 
liquid phases was carried out in an attempt to resolve complex es- 
trogen mixtures of the type obtained from pregnant mare's urine. 
These mixtures are known to contain estrone, equilin, equilenin, 
17n- and 17/3'-estradiols, 17n- and 17&Iihydroequilins, and 17n- 
and 17~-dihydroequiIenins (1); the structures of these steroids as 
the sodium sulfate salts are as shown (I-IX). 


Only two commercial liquid phases were found, both of which 
were polyesters (ethylene glycol succinate and diethylene glycol 
succinate), that  did separate the major components of the estrogen 
mixture. The diethylene glycol succinate, however, offered the 
most promise because of its slightly improved thermal stability 
and its ability to perform the separation of the estrogen trimeth- 


ylsilyl ethers in a reasonable time. Two major estrogens, estrone 
and equilin, from urinary equine extracts are almost completely 
resolved on this column, and excellent quantitative results can be 
obtained. T o  the knowledge of the authors, a quantitative GLC 
method that allows the direct determination of estrone and equilin 
simultaneously has not been reported previously. 


The repeated preparation of diethylene glycol succinate columns 
showed that not all columns gave the same degree of peak resolu- 
tion and peak symmetry. Some difference existed between the 
batches of liquid phase obtained from the same source. Therefore, 
IR, viscosity, thermogravimetric analysis (TGA), titration, and 
water measurements were made in an attempt to pinpoint the fac- 
tors accounting for variations in the quality of the batches of poly- 
mer tested. The results are summarized in Table I for two batches 
of diethylene glycol succinate, one of which gave an excellent col- 
umn packing (Batch 1922) and the other a poor packing (Batch 
1989). 


Interpretation of the data in Table I allows several conclusions 
to be made about the relative differences between the two batches 
of liquid phase tested. The batch of diethylene glycol succinate 
giving a high quality packing is more acidic (by both IR and titra- 
tion) and has a lower viscosity; furthermore, the two-step TGA 
curve suggests that  a wide range of molecular weight polymer units 
is present since a weight loss occurs at  a temperature believed to 
be below the degradation temperature (-225'). These techniques 
and relative values are now being used on a routine basis to evalu- 
ate new batches of liquid phase prior to use. 


In an attempt to control operator performance in reproducibly 
preparing the packings, TGA is used to monitor all new column 
packings. An acceptable weight range for the liquid phase loading 
varies from about 2.0 to 2.5%. 


Quantitation-The quantitative composition of 12 different 
commercial samples containing conjugated estrogens is found in 
Table 11. The table includes results for tablets of varying strengths 
together with raw material samples; the numbers represent an av- 
erage of two individual determinations. The data clearly show the 
gravimetric quantities of all individual estrogenic components 
present in the samples for the first time. By summing these values, 
a total potency value is obtained which may differ significantly 
and is usually higher than the potency value obtained using an of- 
ficial method (17). 


SUMMARY 


A GLC method was developed for the quantitative analysis of 
complex mixtures containing conjugated estrogens. The method 
was used on both raw materials and finished dosage forms. It al- 
lows, for the first time, a complete delineation and quantitation of 
the conjugated estrogens present in extracts derived from preg- 
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nant mare’s urine. Since the quality of the diethylene glycol succi- 
nate liquid phase and packed column is critical to the success of 
the method, details are provided relating to their use and condi- 
tioning. 


Preliminary collaborative testing is underway to evaluate the 
use of this procedure as a routine control method. This method has 
also been used for the analysis of free estrogens, which might be 
present in formulations containing conjugated estrogens, by sim- 
ply omitting the hydrolysis step and carrying out the balance of 
the procedure. 
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Analysis of Pholcodine in Cough Preparations 


JACOB S .  SHOHET 


Abstract A rapid and simple method for the assay of pholcodine 
in various syrup and linctus formulations, based on color reaction 
with p-dimethylaminobenzaldehyde, is suggested. At specified 
conditions, the results obtained show good reproducibility. 


Keyphrases 0 Pholcodine-analysis in cough preparations 0 An- 
titussives-analysis of pholcodine in cough preparations p-Di- 
methylaminobenzaldehyde-reagent, analysis of pholcodine in 
cough preparations 


Pholcodine resembles codeine in its action as a 
cough suppressant for the relief of unproductive 
cough. It has some pharmacological advantages over 
codeine including the absence of side effects such as 
constipation and other withdrawal symptoms (1). 


Although pholcodine, like codeine, is a common 
component in syrups and linctus formulations, little 
has been written concerning the assay methods of 
pholcodine in pharmaceutical preparations. It is 
often the sole active component in a preparation’ but 
may be combined with ephedrine hydrochloride, pa- 
paverine hydrochloride, promethazine, etc.  


Examples for such preparations are Copholco (Wade Co.), Falcodyl 
(Norton), Sancos (Sandoz), etc. 


DISCUSSION 


Pholcodine linctus formulations have appeared in the BPC (2). 
The official assay procedure involves extraction with chloroform 
from an alkaline solution followed by nonaqueous titration. The 
accuracy of the method depends on the purity of inactive compo- 
nents, such as sucrose, sorbitol, glycerol, citric acid, and chloro- 
form spirit, used in the formulation. Since these components con- 
stitute the majority of the linctus weight, any impurity may intro- 
duce error. Theoretically, this difficulty would be overcome by 
running a blank linctus containing all components except pholco- 
dine. However, since there are so many formulations and varia- 
tions, running a blank cannot be considered a practical solution. 
This method also suffers from the use of a relatively dilute titrant 
(0.02 N HC104) which affects the sharpness of the end-point. 


No method or modification has been proposed (2) for the assay 
of pholcodine combined with other drugs. The nonaqueous titra- 
tion cannot be applied, since the free bases of most drugs common- 
ly formulated with pholcodine are miscible in chloroform and 
would be titrated simultaneously with the pholcodine. This is the 
case with ephedrine, pseudoephedrine, oxomemazine, prometha- 
zine, codeine, promazine, papaverine, chlorpheniramine, trimepra- 
zine, etc. Other methods of analysis of pholcodine in syrups are the 
reaction with hexamethylenetetramine-lactose reagent (3) (ephed- 
rine interferes) and TLC (4,5).  


The method proposed in this paper utilizes the reaction of phol- 
codine with p-dimethylaminobenzaldehyde in strong acidic medi- 
um. Under the specified conditions, reproducible results are ob- 
tained in the assay of pholcodine when formulated alone or in 
combination with other drugs. The present method also has the 
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stitute the majority of the linctus weight, any impurity may intro- 
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dine. However, since there are so many formulations and varia- 
tions, running a blank cannot be considered a practical solution. 
This method also suffers from the use of a relatively dilute titrant 
(0.02 N HC104) which affects the sharpness of the end-point. 


No method or modification has been proposed (2) for the assay 
of pholcodine combined with other drugs. The nonaqueous titra- 
tion cannot be applied, since the free bases of most drugs common- 
ly formulated with pholcodine are miscible in chloroform and 
would be titrated simultaneously with the pholcodine. This is the 
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zine, etc. Other methods of analysis of pholcodine in syrups are the 
reaction with hexamethylenetetramine-lactose reagent (3) (ephed- 
rine interferes) and TLC (4,5).  


The method proposed in this paper utilizes the reaction of phol- 
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um. Under the specified conditions, reproducible results are ob- 
tained in the assay of pholcodine when formulated alone or in 
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Table I-Assay Results of Pholcodine in Commercial Pharmaceuticals 


Labeled Coefficient 
Amount, of 


Preparation mg/ml Found, mg/ml Mean SD Variation, % 


1. Pholcodine 1 .oo 0.960, 0.980, 0.970 0.970 0.0100 1.031 
Ephedrine 1 .oo 


hydrochloride 
Ammonium chloride 15 .OO 


2. Pholcodine 1 .oo 0.990, 0.970, 0.975 0.978 0.0104 1.063 
Ephedrine 1 .oo 
Pyrilamine maleate 2.50 
Ammonium chloride 15 .OO 


hydrochloride 


3. Pholcodine 0.80 0.790, 0.795, 0.795 0.792 0.0032 0.400 
Ephedrine 0.80 


hydrochloride 
4. Pholcodine 1.60 1.590, 1.600, 1.630 1.607 0.0208 1.294 


5. Pholcodine 1 .oo 0.965, 0.980, 0.995 0.980 0.0150 1.531 
Bromoform 0.03 


Ephedrine 1.60 


C hlorpheniramine 0.40 
hydrochloride 


maleate 
6. Pholcodine 1 .oo 0.960, 0.975, 1.010 0.982 0 .0256 0.607 


Papaverine 0.20 
hydrochloride 


advantage of determining pholcodine without preliminary separa- 
tion from other combined drugs. 


EXPERIMENTAL 


Reagents and Chemicals-The following were used: dilute sul- 
furic acid, 10% (w/v); dilute ammonium hydroxide, 10% (w/v); 
chloroform (analytical reagent) and ether (analytical reagent); and 
pholcodine standard BP. 


p-Dimethylaminobenzaldehyde reagent was prepared just prior 
to use by dissolving 1 g of p-dimethylaminobenzaldehyde (analyti- 
cal reagent) in 100 ml of sulfuric acid, 70% (w/v). 


Standard Solution-A solution of pholcodine standard, 0.4 
mg/ml, was prepared by dissolving the solid in dilute sulfuric acid. 


Sample Solution-An accurately weighed portion of syrup or 
linctus, equivalent to about 20 mg of pholcodine, was transferred 
into a 125-ml separator. The sample was made alkaline by addition 
of dilute ammonium hydroxide solution. The mixture was extract- 
ed successively with four 30-ml portions of chloroform. The chloro- 
form extracts were combined, washed with 10 ml of distilled water, 
and evaporated to dryness. The residue obtained was dissolved in 
dilute sulfuric acid and diluted to a volume of 100 ml. 


Procedure-Volumes of 0.5 ml of sample and standard solu- 
tions were separately transferred, in triplicate, into a series of test 
tubes. Dilute sulfuric acid (0.5 ml) was pipetted into another test 


0.800 / 


. . . . . . . I .  


50 75 100 125 150 175 200 225 250 275 
CONCENTRATION, fig 


Figure 1-Standard curve for pholcodine. 


tube to serve as a blank. p-Dimethylaminobenzaldehyde reagent 
(10 ml) was added; after vigorous shaking, the tubes were trans- 
ferred into a water bath maintained at 60’. After 10 min, the tubes 
were removed and quickly cooled to room temperature. A t  0.5 hr 
after removal from the bath and cooling to room temperature, the 
absorbance was read at  a wavelength of 450 nm against blank re- 
agents. 


If the syrup contains orange extract, two preliminary extractions 
are necessary using a mixture of 15 ml of ether and 1 ml of dilute 
sulfuric acid. Then the procedure is followed beginning with “The 
sample was made alkaline . . .” under Sample Solution. 


RESULTS 


When this method was tested on pholcodine samples containing 
various amounts of the drug, strict obedience to the Beer-Lambert 
law was achieved over the range of 50-250 Fg of pholcodine (Fig. 
1). 


Both the accuracy and precision of the proposed method were 
checked on drug mixtures simulating existing commercial pharma- 
ceuticals. Table I represents the composition of the pharmaceuti- 
cals, the labeled amounts of the active components, the amounts of 
pholcodine found by triplicate analysis, and the related interpreta- 
tion of data. As shown, high accuracy and a small acceptable coef- 
ficient of variation were obtained. Table I also shows that the reac- 
tion of pholcodine with p-dimethylaminobenzaldehyde is specific 
as far as combination with common drugs is concerned. 


The dependence of the absorbance on time, measured on sam- 
ples just cooled to room temperature, is summarized in Table 11. 
According to Table 11, the color of the reaction product is suffi- 
ciently stable. The color reaction of pholcodine with p-dimethyla- 
minobenzaldehyde is as sensitive as that of codeine with the same 
reagent (6, 7). The reaction mixture of codeine is not stable in 
light, but the reaction of pholcodine is not affected by such limita- 
tions. 


Table 11-Dependence of Absorbance on Time 


Change in 
Minutes Absorbance Absorbance, % 


0 0.485 _. 
5 0.485 


10 0.488 0.62 
20 0.492 1.44 
30 0.496 2.27 
60 0.505 4.13 


- 
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Determination of Iodochlorhydroxyquin and 
Corticosteroids in Pharmaceutical Formulations 


ROBERT E. GRAHAM *x, CHARLES T. KENNER *, and E. R. BIEHL * 


Abstract 0 Iodochlorhydroxyquin was separated from various 
corticosteroids using an acetonitrile-diatomaceous earth column. 
Iodochlorhydroxyquin was eluted with cyclohexane, and the corti- 
costeroid was eluted with chloroform. Iodochlorhydroxyquin was 
determined by both a UV absorbance method and a new complexi- 
metric method using the nickel chelate of iodochlorhydroxyquin. 
The corticosteroid was determined by the blue tetrazolium and 
isoniazid procedures. The average percent recovery for these four 
methods was 100.8,99.4,100.7, and 99.9, respectively, for 10 known 
mixtures. The standard deviation for the absorbance for 10 deter- 
minations of the nickel complex was 0.002 absorbance unit 
(0.31%). Various characteristics of the nickel and other complexes 
were evaluated, including the sensitivity, solubility, and wave- 
length of maximum absorbance in 14 different solvents. The analy- 
ses of 23 typical products are reported, for which the standard de- 
viation, expressed as a percentage of the amount declared, was 
1.31% for the UV, 1.34% for the compleximetric, 1.49% for the blue 
tetrazolium, and 1.22% for the isoniazid procedures. Methods of 
determination in the presence of interferences are discussed. 


Keyphrases 0 Iodochlorhydroxyquin and corticosteroid formula- 
tions-partition chromatographic separation, compleximetric 
analysis of iodochlorhydroxyquin, blue tetrazolium analysis of cor- 
ticosteroid 0 Corticosteroid and iodochlorhydroxyquin formula- 
tions-partition chromatographic separation, compleximetric 
analysis of iodochlorhydroxyquin, blue tetrazolium analysis of cor- 
ticosteroid n Partition chromatography-separation, iodochlorhy- 
droxyquin and corticosteroid formulations Nickel complex for- 
mation-analysis, iodochlorhydroxyquin after separation from io- 
dochlorhydroxyquin and corticosteroid formulations 


The “American Drug Index 1973” (1) lists 36 man- 
ufacturers of pharmaceutical formulations that con- 
tain iodochlorhydroxyquin (5-chloro-7-iodo-8-quino- 
linol) (I). Five of these manufacturers prepare prod- 
ucts containing only I, while 33 manufacture prod- 
ucts containing I plus a corticosteroid such as hydro- 
cortisone, hydrocortisone acetate, or prednisolone. 


USP XVIII (2) specifies an IR procedure that is 
specific for I in creams, ointments, and suppositories. 
NF XI11 (3) requires the same IR technique to  deter- 


mine I in creams, lotions, and ointments containing I 
plus hydrocortisone and uses the blue tetrazolium 
method for the corticosteroid. IR methods specific 
for I in pharmaceutical products were described (4, 
5 ) ,  but these procedures are difficult to use due to the 
volatility and odor of the carbon disulfide and the 
small volumes required in the extraction step. 


Other reported methods include UV absorption 
(3), gravimetry (3), combustion in an oxygen flask 
followed by titration (6), polarography (7), fluores- 
cence (a), GLC (9), and spectrophotometry (10-12). 
Spectrophotometric methods depend upon the for- 
mation of a colored metallic complex with I. The iron 
(111) complex (10, 11) and the copper (11) complex 
(12) have been utilized for the determination of I in 
certain pharmaceutical products. 


This paper reports a simple, rapid, quantitative 
method for the separation of I from corticosteroids 
by partition chromatography using the diatomaceous 
earth-acetonitrile column described previously (13, 
14). After separation, I is determined by conversion 
to the nickel complex and measurement of the ab- 
sorption at  406 nm while the corticosteroid is ana- 
lyzed by the blue tetrazolium procedure of USP 
XVIII (15). Twenty-one different pharmaceutical 
formulations of creams, lotions, ointments, and sus- 
pensions were analyzed by the proposed method. 
When necessary, the method may be supplemented 
by the use of IR (3), GLC (9), or TLC (16) to detect 
the presence of impurities such as 8-hydroxyquino- 
line, 5-chloro-8-hydroxyquinoline, 5-iodo-8-hydroxy- 
quinoline, 5,7-diiodo-8-hydroxyquinoline, and 5,7- 
dichloro-8- hydroxyquinoline. 


EXPERIMENTAL 


Equipment-The following were used: a UV-visible recording 
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Determination of Iodochlorhydroxyquin and 
Corticosteroids in Pharmaceutical Formulations 


ROBERT E. GRAHAM *x, CHARLES T. KENNER *, and E. R. BIEHL * 


Abstract 0 Iodochlorhydroxyquin was separated from various 
corticosteroids using an acetonitrile-diatomaceous earth column. 
Iodochlorhydroxyquin was eluted with cyclohexane, and the corti- 
costeroid was eluted with chloroform. Iodochlorhydroxyquin was 
determined by both a UV absorbance method and a new complexi- 
metric method using the nickel chelate of iodochlorhydroxyquin. 
The corticosteroid was determined by the blue tetrazolium and 
isoniazid procedures. The average percent recovery for these four 
methods was 100.8,99.4,100.7, and 99.9, respectively, for 10 known 
mixtures. The standard deviation for the absorbance for 10 deter- 
minations of the nickel complex was 0.002 absorbance unit 
(0.31%). Various characteristics of the nickel and other complexes 
were evaluated, including the sensitivity, solubility, and wave- 
length of maximum absorbance in 14 different solvents. The analy- 
ses of 23 typical products are reported, for which the standard de- 
viation, expressed as a percentage of the amount declared, was 
1.31% for the UV, 1.34% for the compleximetric, 1.49% for the blue 
tetrazolium, and 1.22% for the isoniazid procedures. Methods of 
determination in the presence of interferences are discussed. 


Keyphrases 0 Iodochlorhydroxyquin and corticosteroid formula- 
tions-partition chromatographic separation, compleximetric 
analysis of iodochlorhydroxyquin, blue tetrazolium analysis of cor- 
ticosteroid 0 Corticosteroid and iodochlorhydroxyquin formula- 
tions-partition chromatographic separation, compleximetric 
analysis of iodochlorhydroxyquin, blue tetrazolium analysis of cor- 
ticosteroid n Partition chromatography-separation, iodochlorhy- 
droxyquin and corticosteroid formulations Nickel complex for- 
mation-analysis, iodochlorhydroxyquin after separation from io- 
dochlorhydroxyquin and corticosteroid formulations 


The “American Drug Index 1973” (1) lists 36 man- 
ufacturers of pharmaceutical formulations that con- 
tain iodochlorhydroxyquin (5-chloro-7-iodo-8-quino- 
linol) (I). Five of these manufacturers prepare prod- 
ucts containing only I, while 33 manufacture prod- 
ucts containing I plus a corticosteroid such as hydro- 
cortisone, hydrocortisone acetate, or prednisolone. 


USP XVIII (2) specifies an IR procedure that is 
specific for I in creams, ointments, and suppositories. 
NF XI11 (3) requires the same IR technique to  deter- 


mine I in creams, lotions, and ointments containing I 
plus hydrocortisone and uses the blue tetrazolium 
method for the corticosteroid. IR methods specific 
for I in pharmaceutical products were described (4, 
5 ) ,  but these procedures are difficult to use due to the 
volatility and odor of the carbon disulfide and the 
small volumes required in the extraction step. 


Other reported methods include UV absorption 
(3), gravimetry (3), combustion in an oxygen flask 
followed by titration (6), polarography (7), fluores- 
cence (a), GLC (9), and spectrophotometry (10-12). 
Spectrophotometric methods depend upon the for- 
mation of a colored metallic complex with I. The iron 
(111) complex (10, 11) and the copper (11) complex 
(12) have been utilized for the determination of I in 
certain pharmaceutical products. 


This paper reports a simple, rapid, quantitative 
method for the separation of I from corticosteroids 
by partition chromatography using the diatomaceous 
earth-acetonitrile column described previously (13, 
14). After separation, I is determined by conversion 
to the nickel complex and measurement of the ab- 
sorption at  406 nm while the corticosteroid is ana- 
lyzed by the blue tetrazolium procedure of USP 
XVIII (15). Twenty-one different pharmaceutical 
formulations of creams, lotions, ointments, and sus- 
pensions were analyzed by the proposed method. 
When necessary, the method may be supplemented 
by the use of IR (3), GLC (9), or TLC (16) to detect 
the presence of impurities such as 8-hydroxyquino- 
line, 5-chloro-8-hydroxyquinoline, 5-iodo-8-hydroxy- 
quinoline, 5,7-diiodo-8-hydroxyquinoline, and 5,7- 
dichloro-8- hydroxyquinoline. 


EXPERIMENTAL 


Equipment-The following were used: a UV-visible recording 
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Table I-Recovery (Percent) of Prepared Standards 


z a 
‘ m 0.40 


m Oe30 


u 0.20 


0.10 


8 


Iodochlorhydroxy- Hydrocortisone 
quin 


Blue 
Complexi- Tetra- 


Sample metric UV zolium Isoniazid 
Numbera Method Method Method Method 


1 99.8 101.1 100.7 100.6 
2 99.0 100.6 100.8 99 .2  
3 99.2 100 .8  100.8 100.4 


I 
I i 
i -* 


, 


9 
10 


99.8 101.3 100.3  100.4 _ _  . -  _ . ~  - 
99.5  100.5 ioo.6 99 .7  
99 .2  100 .8  100.2 99.6 
99 .4  100 .5  100 .3  100 .o 
9 9 . 5  101 .1  100.4 99.7 
99 .6  100 .6  101.6 100 .8  
99 .4  101 .1  9 9 . 3  98 .6  


Average 99 .4  100 .8  100.5 9 9 . 9  
SDb 0.3  0 . 3  1 .o 0 . 7  


a Each etandard mixture contained approximately 6 mg of iodochlor- 
hydroxyquin and 1 mg of hydrocortisone. * Calculated from the range by 
the method of Dean and Dixon (18). 


spectrophotometer’ with 1-cm quartz cells, a glass chromatograph- 
ic column (2.2 X 26 cm constricted at one end to 0.4 X 5 cm) plus 
aluminum tamping rod, and an electrobalance*. 


Reagents-Soluents-All solvents were spectrograde, analyti- 
cal reagent grade, pesticide grade, USP, distilled-in-glass, or nano- 
grade. Absolute ethanol, acetone, acetonitrile, alcohol USP, carbon 
tetrachloride, chloroform, cyclohexane, dimethyl sulfoxide, diox- 
ane, acetic acid, n-heptane, n-hexane, methanol, methylene chlo- 
ride, and 2,2,4-trimethylpentane were used. 
Acetonitrile-Cyclohexane (Mutually Saturated)-Mix 20 ml of 


acetonitrile and 270 ml of cyclohexane (sufficient for two determi- 
nations plus a reagent blank) in a separator, agitate vigorously for 
2 min, and allow to stand with occasional swirling until both layers 
are clear. These mutually saturated solutions must be used when- 
ever acetonitrile or cyclohexane is called for in these directions. 


Chloroform (Water Saturated)-Add 50 ml of water to 250 ml 
of chloroform in a separator, agitate for 2 min, and allow both 
layers to clarify. This water-saturated reagent is required when 
aqueous trap layers are inserted but should not be used otherwise. 


Diatomaceous Earth3-Acid washed was used. 
Nickel Reagent (0.01 0 M)-Dissolve 248.8 mg of nickel (11) ace- 


tate tetrahydrate in absolute ethanol with heating on a steam bath. 
Cool and dilute to 100.0 ml with absolute ethanol. This solution is 
stable for a t  least 6 months. Other metal-ion reagents (0.050 M) 
were prepared for method development studies using the acetates 
in ethanol or methanol. 


Standards-All solid standards were USP or NF reference stan- 


Figure 1-Elution curue 
for iodochlorhydroxyquin. 


20 40 60 
CYCLOHEXANE, ml 


’ Cary model 15. * Cahn model C2. 
Celite 545, Johns-Manville Product Corp., New York, NY 10016 


0.60 +r+  t-+-+-+- *-+-c 


0.50 


I 
I I I I 


0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 
NICKEL, pMOLES 


Figure 2-Mole ratio study for nickel-iodochlorhydroxyquin 
complex. 


dards. Prepare corticosteroid standards (0.0100 mg/ml) in alcohol 
USP and I standards (0.0600 mg/ml) in cyclohexane. Individually 
weighed samples of the standards were used in some studies. 


Sample Preparation-Creams, Ointments, Lotions, Jellies, 
and Suspensions-Prepare a composite sample by mixing thor- 
oughly the contents of several containers and accurately weigh a 
sample equivalent to about 6 mg of I into a 100-ml beaker. Dis- 
solve in 1.5 ml of acetonitrile plus 1.5 ml of cyclohexane with slight 
warming on a steam bath (1.5 ml of methanol plus 1.5 ml of water 
may be substituted for these solvents when necessary for complete 
solution of the formulation). Continue as directed under Sample 
Layer. 


Standards-Accurately weigh (or pipet volumes that contain) 
about 1 mg of corticosteroid and 6 mg of I into a 100-ml beaker. 
Proceed as directed in Creams, Ointments, Lotions, Jellies, and 
Suspensions, beginning with “Dissolve in 1.5 ml of acetonitrile 


Column Preparation-Acetonitrile Layer-Insert a glass wool 
plug in the bottom of a chromatographic column. Thoroughly mix 
4.0 g of diatomaceous earth with 4.0 ml of acetonitrile, transfer to 
the column, and pack firmly. 


Trap Layer-Prepare and insert a neutral aqueous trap layer, 
as needed, according to Graham et al. (14). 


Sample Layer-Thoroughly mix the dissolved sample or stan- 
dard, prepared as directed under Sample Preparation, with 3.0 g 
of diatomaceous earth. Transfer to the column above the acetoni- 
trile or trap layer and pack firmly. Dry wash the sample beaker, 
tamping rod, spatula, and funnel with 1 g of diatomaceous earth 
and transfer to the column. Dry wash the same equipment with 


plus. . . .” 


Table 11-Characteristics of Complexes in 
Various Solvents 


Nickel Zinc Iron 
Complex Complex Complex 


Solvent A A,,, A Amax A Xmx 


Acetone 
Acetic acid 
Methylene 


chloride 
Chloroform 
Alcohol USP 
Methanol 
Dioxane 
Ethanol (100%) 
2,2,4-Trimethyl- 


pentane 
Carbon tetra- 


chloride 
Hexane 
Acetonitrile 
C yclohexane 
Dimethyl 


sulfoxide 


0 .565  
0.574 
0.574 


0.592 
0.592 
0 .593  
0.608 
0 .626  
0.636 


0.637 


0.638 
0.640 
0.655 
0.666 


412 
378 
401 


402 
400 
404 
413 
403 
405 


405 


405 
414 
406 
418 


0.474 


0.509 
--a 


0.468 
0.507 
0.523 
0.360 
0.507 
0 .463  


0.435 


0.483 
0.494 
0.498 
0.531 


405 


395 


398 
400 
400 
405 


-(I 


~ . .  


401 
405 


402 


403 
402 
403 
407 


0.132 
0.133 
0.229 


0.239 
0.301 
0 .323  
0.120 
0.327 
0.146 


NDb 


0.204 
0.174 
0.204 
0.065 


620 
630 
620 


620 
645 
670 
620 
660 
605 


ND 


615 
625 
615 
645 


a Complex does not form at this low pH. N D  = not determined. 


1014 I Journal of Pharmaceutical Sciences 







Table 111-Analysis of Typical Products 


Corticosteroid 
Iodochlorhydroxy quin 


Blue 
Sample Compleximetric Tetrazolium 


Numbera Type  of Product  UV Method Method Method Isoniazid Method 


6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


20 
21 
22 


23 


SDd 


Suspension 
Cream 
Cream 
Cream 
Cream 
Lotion 
Jelly 
Cream 
Ointment 
Cream 
Cream 
Ointment 
Cream 
Cream 
Cream 
Cream 
Ointment 
Cream 
Cream 


Tube  1 
Tube 2 


Cream 
Cream 
Cream 


Cream 


Tube  1 
Tube 2 


Tube 1 
Tube 2 


104.2 (2) 
104.1 (6) 
107.4 (6) 


Average Amount Found, yo of Declaredh 
102.2 (2) 
102.5 (6) 
106 .O (6) 


116.3 (2) 
107.1 (4) 
98 .7  (2) 


113.0 (2) 
105.8 (4) 
103.6 (2) 


121.9 (6) 119.4 (6) 114.1 (2) 110.9 (2) 
103.6 (2) 107.2 (2) 106.8 (2) 99 .6  ( 2 )  


83.5 i6j 
101.7 (6) 
83.3 (8) 


103.7 (4) 
119.4 (2) 
103.6 (2) 
101.6 (2) 
119.7 (3) 
106.8 (2) 
105.1 (2) 
107.9 (4) 
N D c  


83 .i i5i 
101.0 (6j 
86.3 (10) 


101 .o (4) 
118.2 (2) 
102.6 (2) 
98.2 i2i 


119.0 (3j 
104.2 (2) 
102.6 (2) 
106.4 (6) 
118.9 (4) 


7 5 . 1  (6j 
101.2 (2) 
107.5 (5) 
102.6 (4) 
111 .o (2) 
104.4 (2) 
102.5 (2) 
111.5 (3) 
102.5 (2) 
102.1 (2) 
102.8 (4) 
109.8 (4) 


- 9 2 . 9  (6j 
101. .3  (2) 
116.6 (4) 
104.6 (4) 
112.8 (2) 
104.4 (2) 
99.8 (2) 


113.3 (3) 
101.1 ( 2 )  
104.8 (2) 
103.7 (4) 
109.6 (2) 


110.0 (4) 109.0 (4j 101.0 i4j 106.2 i2j 


ND" 
N D c  
105.7 (4) 


97.4 (4) 
153.0 (2) 
105.9 (4) 


109.2 (4) 
129.9 (2) 
108.9 (4) 


133.4 (2) 
163.2 (2) 
110.4 (2) 


99 .2  (2) 99.2 (2) 94 .6  (2) 98 .6  (2) 


104 .O (4) 103.5 (4) 52 .O (4) 53.6 (4) 
105.5 (2) 103.0 (2) 102.9 (2) 100.8 (2) 


N D "  
N D "  


1.31  


325.4 (4) 113.1 (4) 117.5 (4) 
324.9 (2) 116.0 (2) 118.9 (2) 


1.34 1.49 1.22 


Q Components present in each sample are listed in Table IV. b Number in parentheses indicates number of determinations. C Not determined due to in- 
terference in UV spectra caused by a cyclohexane-soluble complex or an ingredient other than I. d Expressed as percent of amount declared calculated from the 
difference in duplicates (20). 


glass wool, transfer to the column, and pack firmly. Retain the 
beaker for washing with cyclohexane and chloroform during the 
Column Elution step. 


Column Elution-Compound I-Wash the beaker successively 
with six 20-ml portions of cyclohexane and pour into the column, 
maintaining the liquid head between 8 and 12 cm above the col- 
umn bed and catching the effluent in a 100-ml volumetric flask 
since the column holds up approximately 23 ml. Allow the last 
wash to drain completely, wash the tip of the column with cyclo- 
hexane, make the effluent to volume, and retain for determination 
as described under Determinatiue Procedures. 


Corticosteroids-Rinse the sample beaker with 125 ml of chlo- 
roform in several portions and pour each through the column, 
maintaining the liquid head as close to the top of the column as 
possible and catching the effluent in a 150-ml beaker. Allow the 
last portion to drain completely from the column and rinse the tip 
with alcohol USP. Carefully evaporate the effluent just to  dryness 
on a steam bath in a hood with a current of air to ensure complete 
removal of the acetonitrile. Dissolve in alcohol USP and dilute ac- 
curately to a volume containing approximately 10 pglml of cortico- 
steroid. Retain for determination as directed under Determinatiue 
Procedures. 


Determinative Procedures for I-Ultraoiolet Method-Mix 
the cyclohexane effluent thoroughly and scan from 500 to 280 nm 
uersus cyclohexane as the reference. Measure net absorbance from 
the baseline to the absorbance maximum a t  326 nm. Calculate by 
comparison with standards run concurrently. 


Compleximetric Method-Pipet 5.00-ml aliquots of the cyclo- 
hexane effluents for each sample and standard into small glass- 
stoppered flasks. Prepare a reagent blank using 5.00 ml of cyclo- 
hexane. To each flask, add 0.1 ml of nickel reagent, swirl, let stand 
for a t  least 1 min, and then scan from 500 to 340 nm uersus the re- 
agent blank. Measure the net absorbance of the maximum at  406 
nm and calculate by comparison with the standards run concur- 
rently. 


Determination Procedures for Corticosteroids-Isoniazid 


Method-The procedure of Umberger (17) was used, except that 
the concentration of hydrochloric acid was doubled to increase the 
sensitivity. 


Blue Tetrazolium Method-The procedure given in USP XVIII 
(15) was followed without modification. 


METHOD DEVELOPMENT 


Column Characteristics-Elution-A column was prepared as 
directed under Column Preparation, using 6.050 mg of standard I 
and fitting the column with a separator to allow the maintenance 
of a 12-cm liquid head which ensured a constant flow rate of 7 ml/ 
min. A total of 285 ml of cyclohexane was collected in 15-ml frac- 
tions. Each fraction was taken to dryness carefully under air on a 
steam bath, dissolved in and diluted to an appropriate volume 
with acetic acid, and scanned from 500 to 280 nm. 


The elution curve shown in Fig. 1 indicates that all of I is com- 
pletely eluted in the first 60 ml of cyclohexane. In the proposed 
procedure, the column holds up approximately 23 ml of the 120 ml 
of cyclohexane used so that the retention of 97 ml provides an ade- 
quate safety factor. In several cases, a second 100 ml of cyclohex- 
ane was poured through the column. No I was found in any of 
these effluents. Tests on several alcoholic extracts remaining from 
the corticosteroid determinations also were negative for I. 


Separation and Recouery-Ten separate standard mixtures 
containing approximately 6 mg of I and 1 mg of hydrocortisone 
were analyzed by the proposed procedure using all four determina- 
tive methods (Table I). The overall average recovery was 100.2?6, 
and the overall average standard deviation was less than 0.6%. Por- 
tions of each sample effluent were evaporated, dissolved in small 
volumes, spotted on TLC plates, and chromatographed. In each 
case, a single spot appeared, showing complete separation. 


Characteristics of the Nickel-I Complex-Beer's Law-Dur- 
ing the investigation, samples containing 0.030-0.83 mg of I/5.1 ml 
showed a linear relationship between absorbance and concentra- 
tion. 
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Table IV-Sample Ingredients reached dryness, two remained on the bath 30 min after dryness, 
and the last two remained on the bath 60 min after dryness. Each 
sample was dissolved in 5.00 ml of acetic acid, 0.10 ml of nickel re- 
agent was added, and the solution was scanned from 500 to 280 nm 
uersus a reagent bank. The recoveries for the first eight samples 
averaged 100.1% (range 98.6-101.2%) while the second two aver- 
aged 64% and the last two 49%. As a consequence, the cyclohexane 
effluent from the column should not be evaporated to dryness be- 


Sample 
Number" Ingredient Numbersb 


1 


2 (101, , -\ (l'QLCW, (281, (29), (36), (37), 


(11, (7), (Id), (15), (W, (191, W ) ,  (36), 
(381, ( 3 9 ~  (52) 


10 
11 
12 
13 
14 


15 


16 


17 
18 


19 
20 


21 
22 
23 


(4S), (32) fore the determination of I. 
Metal Complexes with I (Solvent Effect)-Standard solu- 


tions of I were prepared in 14 different solvents. Separate 5.00-ml 
aliquots were treated with 0.1 ml of nickel reagent and scanned as 


( 5 ~  (81, (141, ( 1 7 ~  (241, (261, (411, ( 4 5 ~  
( 4 8 ~  (52), (53) 


(15), (171, (261, (31), (32), (33), (371, (46), 
(47). (52) 


(131, (l?), 135), (49), (52) 
(6), (lo), (171, (23), (25), (261, (36), (52) 
(g), (17) 
(21, (31, U7),  (221, (261, (311, (361, (37), 


(81, (171, (37), (41), (52), (53) 
(17), (26), (311, (361, (441, (481, (51), (52) 


(4), (121, (17) 
(171, (261, (311, (W, (441, (481, (52) 
(81, (161, (171, (261, (311, (361, (371, (391, 


in the proposed procedure against the reagent blank. The study 
was repeated with an iron (111) reagent (0.050 M in ethanol) and 
with a zinc (11) reagent (0.050 M in ethanol). The nickel and zinc 
solutions were scanned from 500 to 340 nm, and the iron solutions 
were scanned from 720 to 380 nm. 


The net absorbance and the wavelength of maximum absorb- 
ance of each complex in each solvent are shown in Table 11. The 
nickel complex with I was the most sensitive in all solvents, and 
the iron (111) complex was the least sensitive. The net absorbances 
for the nickel and the zinc complexes were at a maximum in di- 
methyl sulfoxide, but the iron complex showed minimum absorb- 
ance in this solvent and maximum absorbance in absolute ethanol. 


(39), (42), (48), (52) 


(4), (12), (17) 


(43), (47), (52) 


, (47), 


Number listed in Table 111. b Ingredient list: (1) acetic acid, (2) acetyl- 
ated lanolin, (3) aluminum acetate, (4) hydrophilic ointment base [Aquaphor 
(Duke)], (5) beeswax, (6) carboxymethylcellulose, (7) carboxymethylene 
disodium ethylenediaminetetraacetic acid, (8) cetyl alcohol, (9) chlorobut- 
anol, (10) citric acid, (11) coal tar  solution, (12) cold cream, (13) free fatty 
alcohols, (14) glycerin, (15) glyceryl monostearate, (16) heather aroma, (17) 
hydrocortisone, (18) hydrocortisone acetate, (19) isopropyl myristate, (20) 
isopropyl palmitate, (21) lanolin, (22) lanolin alcohols extract, (23) lido- 
caine, (24) liquid petrolatum. (25) magnesium aluminum silicate, (26) methyl- 
paraben, (27) mineral oil, (28) mineral wax, (29) mono- and diglycerides of 
fat-forming fatty acids, (30) neomycin base. (31) petrolatum, (32) polyoxy- 
ethylene oxypropylene stearate, (33) polyoxyethylene stearate, (34) polyoxyl 
40 stearate, (35) pramoxine hydrochloride, (36) propylparaben, (37) propyl- 
m e  glycol, (38) sodium acetate, (39) sodium bisulfite, (40) sodium borate, 
(41) sodium lauryl sulfate, (42) sorbitan sesquioleate, (43) sorbitol, (44) 
sorbitan fatty acid esters (Span 60), (45) spermaceti, (46) squalene, (47) 
stearic acid, (48) stearyl alcohol, (49) sulfonated and polyoxylated fatty 
alcohols, (50) triethanolamine. (51) hydrophilic ether esters (Tween 801, 
(52) water, (53) white petrolatum, and (54) white wax. 


Mole Ratio-The mole ratio study (Fig. 2) showed that the com- 
plex contained 2 moles of I for each mole of nickel. 


Absorbance Replication-Ten separate 5.00-ml aliquots of stan- 
dard I in cyclohexane were pipetted into small glass-stoppered 
flasks, 0.1 ml of nickel reagent was added, and the resulting solu- 
tions were scanned from 500 to 340 nm. The average net maximum 
absorbance at  406 nm was 0.645 with a standard deviation calcu- 
lated from the range (18) of 0.002. 


Stability-The absorbance of a sample of I in cyclohexane was 
measured at 1-min intervals after the addition of the nickel re- 
agent until the absorbance became constant and was then moni- 
tored periodically for 24 hr. The procedure was repeated several 
times and was also repeated using I in acetic acid. In all cases, the 
absorbance reached a maximum within 1 min and remained con- 
stant for 24 hr. 


Volatility-Samples of the nickel complex with I were prepared 
in methanol and carefully evaporated under air on the steam bath 
just to dryness. Two of the dry samples were left on the bath for 40 
min and two were left for 90 min, after which they were dissolved 
and the absorbance was measured. There was no loss due to vola- 
tility in either case. 


Volatility of I-Twelve separate 5.00-ml aliquots of standard I 
were pipetted into small glass-stoppered flasks and placed under 
air on the steam bath. Eight aliquots were removed as soon as they 


Cyclohexane appears to be a satisfactory solvent for all three com- 
plexes. The wavelength of maximum absorbance depended in part 
upon the solvent and varied from 378 to 418 nm for the nickel 
complex, from 395 to 407 nm for the zinc, and from 605 to 670 nm 
for the iron. 


This experiment was repeated using only acetic acid as the sol- 
vent but using different metal reagents (0.050 M in ethanol or 
methanol). Of the metal ions tested, magnesium (11) and mangan- 
ese (11) did not react, zinc (11) reacted partially, and copper (II), 
cobalt (II), and nickel (11) reacted completely. The reagent blanks 
were then scanned against acetic acid. There was a significant ab- 
sorbance a t  the wavelength of maximum absorbance only in the 
case of the copper reagent blank. 


RESULTS AND DISCUSSION 


The analyses of 23 typical formulations containing both I and 
corticosteroids are shown in Table 111. The standard deviation, ex- 
pressed as the percentage of the amount declared, was 1.31% for 
the UV, 1.34% for the compleximetric, 1.49% for the blue tetrazoli- 
um, and 1.22% for the isoniazid procedures. Samples 6 and 22 were 
low in hydrocortisone while Samples 1, 19, and 23 were above the 
recommended limits set by USP. Samples 6 and 8 were low in I 
while Samples 4, 10, 13, 17,19, and 23 were high. For Samples 3,5,  
6, 8, 18, 19, 21, and 22, comparison of the corticosteroid values by 
the blue tetrazolium and isoniazid methods indicates from 4 to 
34% decomposition of the corticosteroid according to the test of 
Graham et al. (19). Application of the variation of absorbance with 
time test suggested in the same reference indicates interferences in 
the blue tetrazolium procedure with Samples 1,4, and 5. 


Samples 3, 4, 5, 7, 8, 10, 13, 14, 15, 17, 19, and 23 were varying 
shades of yellow, which was taken to indicate varying amounts of 
decomposition of I caused by the reaction with metal ions present 
in the ingredients or containers to form metal chelates. The pres- 
ence of metal chelates of I in samples containing I often can be de- 
termined quantitatively by slight modifications of the proposed 
compleximetric procedure since all of the metal chelates studied 
are converted to the nickel complex upon addition of the nickel re- 
agent. Two possibilities exist: (a) the metal chelate is not removed 
from the column with cyclohexane but is removed by the chloro- 
form and (b) the metal chelate is removed from the column with 
the cyclohexane. 


Sample 8, which contains aluminum acetate, is an example of 
the first type. When a sample from one tube was run by the pro- 
posed procedure, only 91.0% of the amount declared was found to 
be present. A portion of the chloroform eluate was concentrated by 
evaporation, the nickel reagent was added, and the solution was 
scanned against a blank of the nickel reagent in chloroform. Calcu- 
lations showed that 16.0% of the amount of I declared was present 
in the chloroform eluate. A second sample from the same tube 
composite was dissolved directly in chloroform; total I was deter- 
mined by adding the nickel reagent and was found to be 105.9%, 
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which agrees satisfactorily with the sum of 107.0% found separate- 
ly. The presence of a metal-I complex of this type is indicated 
whenever the residue resulting from the evaporation of the chloro- 
form fraction does not completely dissolve in the alcohol solvent 
used for the determination of the corticosteroid. 


The presence of a cyclohexane-soluble metal complex of I is in- 
dicated when the amount of I cannot be determined by the UV 
procedure due to interference in the absorbance at  326 nm and 
when there is an absorbance peak close to 406 nm in the UV spec- 
tra. Sample 19 is an example of a formulation that contains both 
types of metal-I complexes. Analysis of a single tube composite by 
the proposed procedure indicated the presence of 88.1% by the UV 
method and 98.1% by the compleximetric method. The chloroform 
fraction was treated in the same manner as described for Sample 8 
and was found to contain 46.1% of the amount of I declared. The 
total complexed and free I was determined by dissolving a second 
sample of the composite in chloroform, adding the nickel reagent, 
and scanning against a blank of the nickel reagent in chloroform. 
Total I was determined to be 149.8%, which compares satisfactori- 
ly with the 144.2% found by summing the values obtained sepa- 
rately. 


Chloroform is not the solvent of choice for the determination of 
I by the compleximetric method since the nickel complex can exist 
in two different forms in chloroform; one absorbs at 402 nm and 
one absorbs at  470 nm. The equilibrium between these forms is af- 
fected greatly by the water concentration and causes the measure- 
ment a t  402 nm to be lower than it should be whenever any water 
is present. The chloroform fraction is used to estimate the amount 
of the cyclohexane-insoluble metal-I complex since the solid 
metal-I complex remaining from the evaporation of the chloro- 
form eluate was not sufficiently soluble in the 13 solvents listed in 
Table 11. In the early phases of the investigation, the cyclohexane 
fraction was evaporated on a steam bath and the residue was dis- 
solved in chloroform for the compleximetric determination. The 
trouble with the equilibrium between the two complex forms and 
the volatility of I led to the development of the direct measure- 
ment in the cyclohexane eluate. 


The results for Samples 4, 7, 8, 19, 22, and 23 that were run on 
different days and/or from different containers did not agree satis- 
factorily, even though duplicates run at  the same time were in 
close agreement for both I and the corticosteroid. This finding in- 
dicates nonuniformity in mixing during preparation and/or pack- 
aging. 


Several products tested contained other pharmaceutically active 
ingredients such as lidocaine, neomycin sulfate, and pramoxine hy- 
drochloride. No attempt was made to determine these components 
quantitatively. 


Sample preparations and column elution for two samples re- 
quire approximately 1.5 hr, and complete determination by all four 
determinative procedures can be completed in approximately 6 hr. 
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Assay of Sulfacetamide Sodium Ophthalmic Solutions by 
High-pressure Liquid Chromatography 


MELVIN H. PENNER 


Abstract 0 A high-pressure liquid chromatographic method, Keyphrases 0 Sulfacetamide sodium-ophthalmic solutions, 
using an adsorption column and sulfabenzamide as the internal assay, high-pressure liquid chromatography Sulfanilamide- 
standard, is proposed for the determination of sulfacetamide sodi- assay as hydrolysis product of sulfacetamide sodium in ophthalmic 
um and its principal hydrolysis product, sulfanilamide, in eye solutions, high-pressure liquid chromatography High-pressure 
drops. It affords an average recovery of 100.9% of added sodium liquid chromatography-assay of sulfacetamide ophthalmic solu- 
sulfacetamide with a relative standard deviation of 1.9%. tions 


Sulfacetamide sodium solutions have been shown titration method used for sulfacetamide sodium 
ophthalmic solution in USP XVIII (6) does not dis- 
tinguish between sulfacetamide and sulfanilamide 


to undergo hydrolysis to sulfanilamide and sodium 
acetate and oxidative discoloration (1-5). The nitrite 
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which agrees satisfactorily with the sum of 107.0% found separate- 
ly. The presence of a metal-I complex of this type is indicated 
whenever the residue resulting from the evaporation of the chloro- 
form fraction does not completely dissolve in the alcohol solvent 
used for the determination of the corticosteroid. 


The presence of a cyclohexane-soluble metal complex of I is in- 
dicated when the amount of I cannot be determined by the UV 
procedure due to interference in the absorbance at  326 nm and 
when there is an absorbance peak close to 406 nm in the UV spec- 
tra. Sample 19 is an example of a formulation that contains both 
types of metal-I complexes. Analysis of a single tube composite by 
the proposed procedure indicated the presence of 88.1% by the UV 
method and 98.1% by the compleximetric method. The chloroform 
fraction was treated in the same manner as described for Sample 8 
and was found to contain 46.1% of the amount of I declared. The 
total complexed and free I was determined by dissolving a second 
sample of the composite in chloroform, adding the nickel reagent, 
and scanning against a blank of the nickel reagent in chloroform. 
Total I was determined to be 149.8%, which compares satisfactori- 
ly with the 144.2% found by summing the values obtained sepa- 
rately. 


Chloroform is not the solvent of choice for the determination of 
I by the compleximetric method since the nickel complex can exist 
in two different forms in chloroform; one absorbs at 402 nm and 
one absorbs at  470 nm. The equilibrium between these forms is af- 
fected greatly by the water concentration and causes the measure- 
ment a t  402 nm to be lower than it should be whenever any water 
is present. The chloroform fraction is used to estimate the amount 
of the cyclohexane-insoluble metal-I complex since the solid 
metal-I complex remaining from the evaporation of the chloro- 
form eluate was not sufficiently soluble in the 13 solvents listed in 
Table 11. In the early phases of the investigation, the cyclohexane 
fraction was evaporated on a steam bath and the residue was dis- 
solved in chloroform for the compleximetric determination. The 
trouble with the equilibrium between the two complex forms and 
the volatility of I led to the development of the direct measure- 
ment in the cyclohexane eluate. 


The results for Samples 4, 7, 8, 19, 22, and 23 that were run on 
different days and/or from different containers did not agree satis- 
factorily, even though duplicates run at  the same time were in 
close agreement for both I and the corticosteroid. This finding in- 
dicates nonuniformity in mixing during preparation and/or pack- 
aging. 


Several products tested contained other pharmaceutically active 
ingredients such as lidocaine, neomycin sulfate, and pramoxine hy- 
drochloride. No attempt was made to determine these components 
quantitatively. 


Sample preparations and column elution for two samples re- 
quire approximately 1.5 hr, and complete determination by all four 
determinative procedures can be completed in approximately 6 hr. 
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drops. It affords an average recovery of 100.9% of added sodium liquid chromatography-assay of sulfacetamide ophthalmic solu- 
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Sulfacetamide sodium solutions have been shown titration method used for sulfacetamide sodium 
ophthalmic solution in USP XVIII (6) does not dis- 
tinguish between sulfacetamide and sulfanilamide 


to undergo hydrolysis to sulfanilamide and sodium 
acetate and oxidative discoloration (1-5). The nitrite 
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Table I-Response Factors for  S tanda rd  Solutionsa 


Average Response Coefficient of 
Sulfonamide Factor SD Variance Variation, % 


Sulfanilamide 6.4939 f 0.2575 0.0663 2 ~ 4 . 0  
Sulfacetamide 0.8474 +0.0123 0.0001 +1.5 


a Data calculated from three to five injections of each of four standard solutions. 


Table 11-Recovery of Sulfacetarnide Sodium Added in Ophthalmic Preparat ions 
~ 


Formulation Recovery, % 
Average 


Recovery, % 


~~ 


RSD, % 


A 


B 


C 


102.0, 100.3, 102.7, 102.3, 101.7, 
100.0, 102.3, 102.0, 102.0, 102 . O  
101.0, 101.3, 102.3, 104.3, 102.0, 
102.7, 104.3, 100.0 
98.3, 96.7, 97.3, 99.3, 99.3, 
99.0, 99.3,100.3 


101.7 


102.2 


98.7 


3Zo.9 


3Z1.4 


k1.l 


and is thus not stability indicating with respect to 
hydrolytic decomposition. A colorimetric assay was 
suggested based on the reaction of sulfacetamide so- 
dium, an imide, with hydroxylamine and ferric chlo- 
ride to form the ferric acethydroxamate complex (7). 
A quantitative TLC method was proposed in which 
sulfacetamide was separated from its degradation 
products with butanol-ammonia-water (9: 1:8) fol- 
lowed by quantitation of the eluted zones via the 


T 
0.032 ABS. 


I 1 


I t 
0 5 10 


Figure 1-Liquid chromatographic separation of the three 
sulfonamides. Key :  1 ,  sulfanilamide; 2, sulfabenzamide 
(internal standard); and 3, sulfacetamide sodium. 


MINUTES 


Bratton-Marshall reaction (8). An alumina adsorp- 
tion column and UV spectrophotometry were utilized 
for the separation and determination of sulfanila- 
mide in ophthalmic solutions and tablets containing 
sulfacetamide (9); sulfacetamide is retained on the 
column. 


The recent availability of instrumentation for 
high-pressure liquid chromatography and reports 
(10, 11) on separations of sulfa drug mixtures using 
this technique with ion-exchange resins stimulated 
the work described here. A simple method was devel- 
oped which requires only dilution of the sample to in- 
corporate the internal standard and provides com- 
plete separation and quantitation of sulfacetamide 
and sulfanilamide within 10 min on an adsorption 
column. The method was used in a survey of the sta- 
bility of several commercial sulfacetamide sodium 
formulations. 


EXPERIMENTAL 


Apparatus-A liquid chromatograph composed of a pump' 
(3000 psi maximum) with a pulse dampener and a UV monitor2 
(254 nm), a septumless injector3, and a strip-chart recorder4 outfit- 
ted with a potentiometric amplifier was used. A 70-cm X 2-mm i.d. 
stainless steel column packed with Corasil 11, 37-50-pm particle 
size, was operated at 400 psi, with a 65% pump stroke resulting in a 
flow rate of about 2 ml/min. The mobile phase employed consisted 
of methylene chloride-isopropanol-concentrated ammonia (130 
65:2.5), which was degassed by gentle heating prior to use. All in- 
jections were made with a 25-p1 syringe5. 


S t anda rd  Preparation-Prepare individual stock solutions of 
sulfanilamide and sulfabenzamide internal standard a t  concentra- 
tions of 0.3 and 1.5 mg/ml of isopropanol, respectively. Accurately 
prepare a series of standard curve solutions to contain 0.9-1.65 mg 
of sulfacetamide sodium plus 0.15-1.5 mg of sulfanilamide/ml in 
90% isopropanol. Each standard solution should contain 6.0 mg of 
internal standard/mt The concentrations of sulfonamides repre- 
sent a range of 60-110'36 sulfacetamide sodium and 1-10% sulfanil- 
amide. 


Sample Preparation-Dilute the sample solutions with isopro- 
panol to obtain a concentration of 15 mg/ml. Pipet 1 ml of each 
sample into a 10-ml volumetric flask, add 4.0 ml of internal stan- 
dard solution, and dilute to volume with isopropanol. 


Milton Roy. 
LDC. 
Varian. 
Heath. 
Precision Sampling Pressure-Lok liquid, Pierce Chemical Co. 
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Figure 2--Calibration curves indicating linearity of response 
of UV detector to sulfanilamide (m) and sulfacetamide sodium 
(a). 


Chromatographic Separation-With the UV monitor set at a 
suitable sensitivity range, inject 10 pl of each standard solution in 
duplicate. Sulfanilamide, sulfabenzamide, and sulfacetamide sodi- 
um appear as peaks after 1.0, 2.5, and 5.0 min, respectively. Com- 
pute the area of the sulfabenzamide and sulfacetamide sodium 
peaks arising from each standard injection, and determine the 
peak height of the sulfabenzamide and sulfanilamide peaks in each 
standard injection. Calculate the response factor, R, for sulfanila- 
mide and sulfacetamide. 


Inject each sample solution in duplicate, and calculate the con- 
centrations of sulfacetamide sodium and sulfanilamide, if present, 
using the average response factors determined from the standards. 


RESULTS AND DISCUSSION 


All chromatographic runs were made employing a UV detector 
sensitivity of 0.32 absorbance unit full scale. A typical chromato- 
gram is presented in Fig. 1. An internal standard was used to mini- 
mize the effects of small procedural variations. Sulfabenzamide 
was chosen as the internal standard since it eluted between the two 
sulfonamides of interest and, therefore, would not increase the 
analysis time. 


The output of the UV detector was fed uia an interface to a com- 
puter6 programmed to determine peak heights and areas. Since 
sulfanilamide eluted as a rather narrow sharp peak, peak height 
rather than area was chosen as a more accurate measure of the 
concentration of this component. For the quantitation of intact 
sulfacetamide sodium, peak areas were employed. A linear re- 
sponse was obtained for the undegraded drug and its decomposi- 
tion product over concentration ranges of 0-1.7 and 0-0.15 mglml, 
respectively (Fig. 2). 


Table 111-Results of Replicate Assays of Sulfacetamide 
Sodium Ophthalmic Solutions 


Sulfacet- 
amide Percent of Sulfanil- 


S o h -  Sodium Theory, Label amide, 
tion Found, % % Claim % 


A 29.9 30.0 99.7 
B 29.6 30 .O 98.7 
c 30.0  30.0 100.0 - . 
D 15.3 iS.0 102.0 
E 14.4 15.0 96.0 
F 13.7 15.0 91.3 
G 13.0 15.0 86.7 
H 9.3 10.0 93.0 _ _  - .- _. . . 


I 9.4 10.0 94.0 
J 10.5 10.0 105.0 


0.7 
1.8 
2.9 
1.0 
3.9 
6.5 
8.0 
1.9 
4.1 
0.9 


To compensate for day-to-day variations in any operating pa- 
rameter, response factors for each sulfonamide were determined 
from a limited number of standard solutions each day the samples 
were analyzed. Since the response factors were linearly related to 
concentration, average response factors for sulfanilamide and sul- 
facetamide were calculated (Table I). 


The results of adding known amounts of sulfacetamide sodium 
to each of three analytically prepared test formulations are shown 
in Table 11. The data were obtained with replicate aliquots of each 
formulation injected in duplicate. Pooling the results of all 26 as- 
says resulted in an average recovery of 100.9% with a relative stan- 
dard deviation of 1.9%. 


Sulfacetamide sodium ophthalmic preparations are usually 
available a t  solution concentrations of 30, 15, and 10%. Three dif- 
ferent formulations7 were assayed for each concentration, and two 
different lots of the same preparation were tested in one instance. 
The average results obtained for replicate aliquots of each formu- 
lation are presented in Table 111. The only degradation product 
detected was sulfanilamide. 
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GLC Analysis of Griseofulvin: 
A Collaborative Study 


MICHEL MARGOSIS 


Abstract 0 A GLC method for the assay of griseofulvin in bulk 
and dosage forms was subjected to a wide and rigorous collabora- 
tive study. An overall recovery of 99.52 f 2.33% for three samples 
from 19 participating laboratories was obtained. The success of 
this study is ascribed to the fact that strict performance require- 
ments are specified for the operating system. 


Keyphrases Griseofulvin-GLC analysis, collaborative study 
GLC-analysis, griseofulvin, collaborative study 


The GLC method for the assay of griseofulvin in 
pharmaceutical preparations reported previously (1) 
was shown to be useful in characterizing the drug and 
has proved to be more specific, accurate, and reliable 
than the current official UV and microbial assay 
methods (2). As in the preceding study of chloram- 
phenicol (3), i t  appeared advisable to subject this 
method to a wide collaborative study encompassing 
industry and academia, as well as national and supra- 
national organizations, to demonstrate its merits and 
validate its practical applicability. 


EXPERIMENTAL 


Separate vials containing three “unknown” samples and one in- 
ternal standard were sent to 24 laboratoriesl. The first unknown 
sample, Sample 1, was a commercial bulk, nominally pure; un- 
known Sample 2 was a commercial tablet; unknown Sample 3 was 
a tablet specifically prepared with known excipients for this study. 
The nominal values of the griseofulvin concentration in these sam- 
ples were obtained from the manufacturers when applicable and 
were verified independently by the official UV procedure and this 
GLC procedure. These concentration values were then established 
at  100.00,75.58, and 45.99% for Samples 1,2,  and 3, respectively. 


Additional bulk materials were provided as working reference 
material and to allow the analyst to become familiar with the 
method and to optimize the instrumental conditions. 


The author gratefully acknowledges the gracious participation of the fol- 
lowing collaborators: Siv Johansson and Bengt Ohrner, Apotekens Central- 
laboratorium, Solna, Sweden; A. M. Monard and R. Bontemps, Association 
Pharmaceuti ue Belge. Service de Controle des Medicaments, Brussels, Bel- 
gium; David 8. Prue and B. T. Kho, Ayerst Laboratories, Inc., Rouses Point, 
N.Y.; Sylvia Richens and C. A. Johnson, British Pharmacopoeia Commis- 
sion, London, England; Jean-Pierre Guimbard and Rene C. Feibel, Ets Clin- 
Midy, Paris, France; Charlotte A. Yaciw, Food and Drug Administration, 
Office of Pharmaceutical Research and Testing, Division of Drug Chemistry, 
Washington, D.C.; Shirley S. Lyles, Food and Drug Administration, Office 
of Pharmaceutical Research and Testing, National Center for Antibiotic 
Analysis, Washington, D.C.; Ross D. Kirchhoefer, Food and Drug Adminis- 
tration, Office of Pharmaceutical Research and Testing, National Center for 
Drug Analysis, St. Louis, Mo.; A. A. R. Richardson (Ulverston Laboratories), 
D. S. Kaushik, and T. E. V. Horsley (Greenford Laboratories), Glaxo Laho- 
ratories Ltd., England; William L. Wilson, Health Protection Branch, 
Health and Welfare, Ottawa, Ontario, Canada; Gerard Janssen and Hubert 
Vanderhaeghe, Rega Institute, Katholieke Universiteit te Leuven, Belgium; 
Karin Worning and J. Roed Jensen, Leo Pharmaceutical Products Ltd, Bal- 
lerup, Denmark; Laurence Luberecki and Wm. R. Jones, McNeil Laborato- 
ries, Inc., Fort Washington, Pa.; D. H. Calam, National Institute for Medical 
Research, London, England; Richard Vivilecchia and Arthur F. Michaelis, 
Sandoz Pharmaceuticals, Hanover, N.J.; Bernard D. Rosen and Wilbur S. 
Felker, Schering Corp., Union, N.J.; Ida Mortensen and Jorgen Bang, Sta- 
tens Serumsinstitut, Copenhagen, Denmark; Hadassah Nissenbaume and 
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Table I-Results for Griseofulvin Sample 1 (Bulk) 


Number Recovery Coefficient 
Laboratory of R u n s  Mean, % of Variation 


1 8 100.28 3.32 
2 4 100.23 0.21 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 ~. 


16 
17 
18 


12 
4 
4 
2 


97 .S i  2.45 
101.05 0.98 
96.52 2.26 
98.21 0.04 


8 100.34 0.72 
4 97.98 0.75 
4 95.65 i .05 
4 100.09 0.40 
2 98.79 1.45 
4 100.97 0.81 


4 95.65 i .05 
4 100.09 0.40 
2 98.79 1.45 
4 100.97 0.81 


10 99.74 0.65 
4 99.49 1.14 
4 98.93 1.33 
6 99.23 2.29 
4 96.96 1.42 


12 99.33 2.29 
19 4 99.41 1.22 
Mean 99.01 1.50 


The protocol of analysis was basically similar to that cited pre- 
viously (1) and employed the identical curing and conditioning 
treatment recommended for practically all silicone columns. The 
calculations for potency (assay of griseofulvin), efficiency, resolu- 
tion factor, and tailing factor were identical to those used in the 
collaborative study of chloramphenicol (3). 


The analyst was requested to run duplicate injections of two 
separate weighings of each test sample and to compare the factor 
calculated from each to the average value obtained from the stan- 
dard. When the coefficient of variation for five replicate injections 
of a standard solution exceeded a 2% limit, the entire system was 
to be tuned-up. 


RESULTSZ 


Calculations and results from each collaborator were verified 
when sufficient data were available. These results include those 
submitted by the participants of this study and those calculated by 
the author from available chromatograms. Several sets of results 
were rejected outright. In two cases, precision values exceeding 5% 
in the replications of the standard were obtained. All results from 
another collaborator exceeded an acceptable sum rank limit by the 
Youden test (4), indicating a gross systematic error. 


The final results were normalized to the nominal “labeled” con- 
centration of the sample and are summarized in Tables I-IV for 
each sample and for the sum of the three samples. In Table V, 
“WD mean” is the result obtained through the weighted analysis 
of all observations from each collaborator, inclusive of “within 
sample” errors. “Mean” in Tables I-IV is the result obtained from 
the calculated mean from each collaborator; thus equal weight was 
attributed to each collaborator. The mean percent recoveries for 
Samples 1, 2, and 3 were 99.01 f 1.50, 100.17 f 2.05, and 99.37 i 
3.10, respectively, with an overall mean recovery of 99.52 f 2.33% 
from 57 calculated means. 


In Table V, results obtained from measurements by electronic 
integration are shown for comparison as well as to demonstrate the 
difference between the digital versus the combined digital and 
manual techniques. As expected, results derived from electronic 


All ralculations. data processing, and statistical analyses were performed 
through the API. time-sharing system of an IBM 370/155 computer 
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Table 111-Results for Griseofulvin Sample 3 (Tablets) Table 11-Results for Griseofulvin Sample 2 (Tablets) 


Number Recovery Coefficient 
Laboratory of R u n s  Mean, % of Variation 


Number Recovery Coefficient 
Laboratory of Runs Mean, % of Variation 


1 
2 
3 


8 99.99 
4 99.23 


12 100.85 


3.76 
0.31 
3.73 
0.71 


1 
2 
3 


8 
4 


12 
6 
4 
4 
8 
4 
4 
4 
2 
4 
6 
4 
4 
5 
4 
8 
4 


102.61 
100.64 


2.26 
0.05 
3.57 
1.38 
2.66 
0.71 
2.74 
0.54 
0.33 
0.53 


99.94 
101 .55 
96.49 


103.29 
99.23 
96.72 


101 .46 
101.26 
97.95 


100.64 
97.64 


100.43 


4 102.61 
4 97.42 
4 103.79 
8 99.17 
4 105.97 
4 101.79 
4 99.91 
2 93.74 


4 
5 
6 
7 
8 
9 


10 
11 
12 
13 


8.70 
0.97 
3.62 
4.38 
0.68 
0.87 
1.08 


10 
11 
12 
13 


2.76 
0.52 
0.59 
0.71 


- 
4 100 :g i  
6 100.16 
4 94.67 


1.69 
0.36 
1.33 14 


15 
16 
17 


14 
15 
16 
17 
18 
19 
Mean 


102.56 
99.31 


101.49 
97.87 


1.57 4 99.60 
a 99-19 


1.31 
1.05 
3.01 
2.71 
1.90 


2.54 
1.21 
7.13 
1.72 


_. 


4 97.10 
8 95.87 
4 96.09 


18 
19 
Mean 


102.19 
100.17 2.05 99.37 3.10 


measurements were noticeably more precise, as indicated by the 
values of the range, variances, and standard deviations. All quanti- 
tative measurements were accomplished by one or more of six dif- 
ferent procedures: electronic digital integration (1 1 sets), triangu- 
lation (six sets), peak height (four sets), disk integration (two sets), 
planimetry (one set), and cut and weigh (one set). These 25 sets of 
measurements were partitioned among the appropriate 19 partici- 
pating laboratories as tabulated. 


A computer plot of the results uersus the frequency of results for 
each sample group numbering about 100, as well as for the com- 
bined groups of values totaling 303, yielded the typical S-shaped 
curve. A good f i t  to a normal distribution was indicated by the 
X-square test for the results for each and for the combined sam- 
ples. Because of its simplicity, a nonparametric sign test was per- 
formed; this indicated no detectable differences between the three 
samples a t  any confidence level. 


The variances within each sample were found to be homoge- 
neous by Bartlett's test, indicating similar reliability or precision 
from each collaborator at the 95% confidence level. Athough this 
test was not considered to be overly reliable within several sets of 
results because of the scarcity of observations, it may serve to at- 
test that precision was more adversely affected by the manual 
techniques of peak measurements. A one-way analysis of variance 
was performed on all results calculated from each sample, and col- 
laborator means were significantly different a t  p < 0.05 for all 
samples. However, when this analysis was performed on the means 
from each sample from each collaborator, no significant difference 
was noted between the laboratories (F = 1.17). This result was fur- 
ther verified in a two-way analysis of variance of the means, which 
indicated no significant differences between sample means ( F  = 
1.38) and between laboratory means ( F  = 1.26). 


A paired t-test was also employed to ascertain whether a statis- 
tically significant difference existed between the three samples. It 
was used to compare Samples 1 to 2,2 to 3, and 1 to 3, but no such 
difference was detected at  the 95% confidence level. A similar test 
comparing multiple groups of values (the Hotelling T square test) 
did indicate that the difference was not significant a t  the p < 0.05 
level, but the calculation of this probability showed it to be near 
borderline ( F  of probability = 0.055, significant <0.05). 


As mentioned before, Sample 3, made especially for this study, 
was formulated to contain 110 mg of griseofulvin in a 240-mg tab- 
let containing lactose, starch, and magnesium stearate. The tablet 
weight varied somewhat (coefficient of variation = 1.25%), and the 
assay results on a per tablet basis gave a corresponding variation. 
To minimize this source of variation, the assay results in this study 
ate reported on the basis of weight percent of granulation, which is 
indeed shown to be quite uniform. 


Dechlorogriseofulvin was detected in the chromatograms by 
each collaborator but, because of its low concentration, i t  could be 
quantitated only by those 11 participants employing an electronic 
digital integrator. A 95% confidence limit of the mean for this com- 
ponent was calculated a t  0.51-0.76% for the standard, 0.73-0.97% 


for Sample 1,0.81-1.20% for Sample 2,0.47-0.85% for Sample 3, or 
0.70-0.87% for the combined total. The coefficient of variation for 
this measurement was estimated at  about 30%, which may be ac- 
ceptable for substances a t  this low concentration level and should 
also prove useful as an identity test for the product. 


DISCUSSION 


As in the earlier collaborative study, characteristics of column 
and operating conditions varied substantially from one laboratory 
to the next. Fifteen different models of GLC instruments from 
eight manufacturers were used; coiled or U-shaped columns ranged 
from 0.6 to 2 m in length and from 2 to 6 mm in diameter. Various 
supports were used with loading of 1-3% OV-17 in all but one case 
where 5% SE-30 was used. Except in one instance where argon was 
used, helium and nitrogen were used by about the same number of 
laboratories, with flow rates from 20 to 100 mllmin at  column tem- 
peratures ranging from 245 to 280'. 


Although wide flexibility was allowed in the selection of the ana- 
lytical system, control of the method was attained by demanding 
that i t  meet certain performance requirements after subjecting the 
column to the proper temperature curing, sample conditioning, 
and suitability test as outlined in the protocol of analysis. These 
requirements included a measure of efficiency, resolution, a sym- 
metry factor, and a maximum coefficient of variation of a number 
of replicate injections. 


Table IV-Combined Results for Three Griseofulvin 
Samples 


~~~ ~~ 


Number Recovery Coefficient 
Laboratory of Runs Mean, % of Variation 


1 
2 
3 


24 100.96 3.25 
12 100 .03 0.65 
36 99.57 3.45 


4 
5 
6 
7 


14 101.71 1.21 
12 96.81 4.94 
10 102.48 2 -32 


s 
9 


10 
11 6 96.82 2.91 


12 100.84 1.03 12 
13 ~~ 


14 
15 
16 
17 12 98.51 2.92 
18 28 97.93 4.35 
19 12 99.23 3.02 
Mean 99.52 2.33 
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Table V-Summary of Results“ 


Sample A B C D A E  BE CE DE 


Number of collaborators 19 19 19 19 11 11 11 11 
Sample size 104 99 100 303 48 47 48 143 
WD mean 99.11 100.14 99.49 99.57 99.50 99.74 99.96 99.73 
Median 99.64 100.52 99.51 99.92 99.96 100.26 99.73 99.99 
95% lower confidence limit 98.70 99.59 98.66 99.22 99.06 99.10 98.93 99.32 
95 % upper confidence limit 99.52 100.69 100.32 99.93 99.94 100.38 100.98 100.15 
Maximum 104.03 106.91 111.48 111.48 103.22 104.31 111.48 111.48 
Minimum 92.78 92.67 82.71 82.71 95.30 95.66 93.02 93.02 
Rnnm 11.25 14.24 28.77 28.77 7.92 8.65 18.46 18.46 ~~ ~ 


4.47 7.51 17.45 9.86 2.29 4.75 12.43 6.45 
2.11 2.74 4.18 3.14 1.51 2.18 3.53 2.54 


a Lahela A, B, and C are Samples 1, 2. and 3, respectively, and D is the combined value of all three, calculated by all methods of integration; those labeled 
with E are the corresponding results derived from electronic integration. 


The efficiencies of the columns used in this study ranged from a 
minimum of about 300 to a maximum of 2000 theoretical platedm 
with a mean of 993 f 37 platedm. The symmetry factor on the 
OV-17 phase was calculated to be from 0.7 to 1.3 with most from 
0.9 to 1.15; with the SE-30 phase, a factor of 1.6 was obtained. Al- 
though the retention volume is a more characteristic qualitative 
property of the solute, the operating conditions in the different 
systems used were too variable and almost impossible to replicate 
for accurate measurement. In all cases but one, the resolution fac- 
tor exceeded a value of 4 with most factors lying between 6 and 8. 


The internal standard may be used quite effectively in lieu of 
the retention volume for identification of the drug, particularly 
when compared to the behavior of an authentic sample. In this 
study, the retention time of griseofulvin relative to tetraphenylcy- 
clopentadienone ranged from 1.87 to 2.12 with a mean of 2.01 f 
0.06 (2.9%) (95% confidence interval: 1.98-2.04) in 19 cases where 
OV-17 was used; with SE-30, the relative retention time was 2.95. 


The statistical difference noted in the one-way analysis of vari- 
ance of all observations was likely due to the overloading of the 
chromatographic column, which was noted by some analysts dur- 
ing the study. This overloading may be avoided by injecting about 
1 fig of solute either by using a reduced volume or by diluting the 
final solution about 10-fold. This decrease in the amount of inject- 
ed solute improves the overall performance characteristics of the 
column, as typically demonstrated by one collaborator who in- 
creased the efficiency of the column threefold and greatly im- 
proved the symmetry of the peaks. 


One participant had great difficulty in the elution of the internal 
standard because of condensation in the exit line. However, anoth- 
er participant employing an identical chromatograph, which does 
not normally possess the capability of separate heating of the exit 
port, obtained adequate and reproducible data. It is presumed that 
this result was achieved through a combination of higher tempera- 


tures and higher carrier gas flow rates. This was the only major 
handicap reported. 


CONCLUSION 
The participants in this collaborative study proved this GLC 


method for griseofulvin to be reliable and efficient. The results re- 
ported, analyzed, and discussed amply validate the method. 
Therefore, because of its demonstrated superiority, this method 
has been proposed for inclusion in the “Code of Federal Regula- 
tions” and is recommended for primary compendia1 and regulatory 
usage. 
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PHARMACEUTICAL TECHNOLOG Y 


Drying Rates of Tablet Granulations 11: 
Effect of Particle Size and Granular Densities 


WILFRED 0. OPANKUNLE *, BALDEV R. BHUTAN1 x, and VISHNU N. BHATIA 


Abstract The effects of the granule size and density on the 
drying rate kinetics of tablet granulations were studied using lac- 
tose and sulfathiazole granules prepared with acacia mucilage and 
povidone solution. The drying rate kinetics consisted of three dis- 
tinct phases of drying when the drying rate was plotted against re- 
maining moisture content: constant rate, first falling rate, and sec- 
ond falling rate periods. The effect of various statistical diameters 
and granular density on the drying rate during the first falling rate 
period was analyzed, and the mechanism of moisture migration 
during this phase of drying was identified. 


Keyphrases 0 Tablets-granulations, drying rates, effect of parti- 
cle size and granular densities 0 Granulations, tablet-drying 
rates, effect of particle size and granular densities Drying rates- 
tablet granulations, effect of particle size and granular densities, 
lactose and sulfathiazole granules prepared with acacia mucilage 
and povidone Particle size-effect on drying rates of tablet gran- 
ulations 0 Densities, granular-effect on drying rates of tablet 
granulations 


In a preliminary investigation (l), a satisfactory 
technique was developed to study the kinetic rates of 
drying and to evaluate the effect of certain granulat- 
ing adjuvants and fillers on the drying rates of tablet 
granulations. 


It was observed that drying of granulation occurs 
through three distinct phases, as has been reported 
(2-6) for various materials in the chemical industry. 
The drying rate kinetic data vividly showed this 
drying as three straight lines when the drying rate 
(grams of moisture evaporated per hour per gram of 
dry solid) was plotted versus moisture content based 
upon dry solid. The first phase, generally termed the 
constant rate period, corresponded to the phase of 
drying during which the drying rate remained un- 
changed. 


As long as the drying surface remained saturated 
with liquid moisture, the constant rate period exist- 
ed. However, when the rate of drying exceeded the 
rate of moisture migration to the drying surface, the 
drying rate started falling, which initiated the first 
falling rate period. During this period, the drying rate 
depended more upon the physicochemical nature of 
the granulation and less on the external drying condi- 
tions such as temperature and air flow rate. During 
the second falling rate period, drying occurred by 
moisture evaporation within the granulation, fol- 
lowed by diffusion of water vapor from the interior of 
the granules to the drying air. 


A major portion of the granulation drying takes 
place during the first falling rate period, so the 
drying rate during this phase has significant influ- 
ence on the total drying time. Drying during the sec- 


ond falling rate period is usually extremely slow and 
utilizes proportionally larger amounts of energy. 
Thus drying during both falling rate periods can be 
significant in terms of the cost of the drying opera- 
tion and the prolonged exposure of the active ingre- 
dients to heat. 


This investigation is a detailed study of the effect 
of granule size on the drying rate. This parameter is 
related to other physical characteristics of granules 
such as density and porosity. An attempt was made 
to establish a relationship between the size and the 
density of granules and the drying rate during the 
first falling rate period. The first falling rate period 
was selected since the drying rate during this period 
is most affected by granulation properties and least 
by drying conditions. The effect of granules size and 
density has never been studied quantitatively for this 
phase of drying. 


Lactose and sulfathiazole granules, prepared with 
acacia mucilage and povidone solutions as granulat- 
ing agents, were selected as test substances. 


EXPERIMENTAL 


Equipment Design-The rates of drying of prepared granules 
were studied under standardized conditions. For each type of ma- 
terial, the temperature of inlet air, the velocity of air flow, and the 
method of granulation were kept constant. The apparatus devel- 
oped by Bhutani and Bhatia (1) was used, but some modifications 
were made to enhance the reproducibility of the results obtained. 
The insulation of the heating chamber was improved by initially 
lining the outside of the chamber with glass wool followed by two 
layers of foam padding. This insulation kept the inlet air tempera- 
ture more stable by eliminating heat loss. The second modification 
was related to the placement of the wet granulations in the drying 
tray. The bed thickness was reduced from 1.27 to 0.64 cm, and the 
granules were placed in the middle of the tray in the form of a 
square, 20 X 20 cm. This modification provided more direct and 
uniform contact between the granules and the drying air. 


Granulating Process-On the basis of preliminary experi- 
ments, a standard granulating procedure was selected such that 
the variations in particle-size distribution due to variations in wet 
mixing time during granulation were completely avoided. A stan- 
dard batch of granulation was prepared by granulating the test 
substance in a Glen mixer, using a definite quantity of concentrat- 
ed solution of the binder and adding sufficient quantities of dis- 
tilled water to obtain the wet mass. By keeping the amount of 
binder (dry weight) constant for a test substance, the particle-size 
distribution could be varied for a batch of granules by varying the 
amount of distilled water. The wet mass was then forced through a 
standard No. 8 mesh screen. Each granulation was prepared in 
quadruplicate, and the average results of the four batches were 
considered. 


Lactose Granulation Studies-The drying chamber was pre- 
heated to about 4 2 O  with an inlet air temperature of 65' and the 
heating coil placed inside the dryer appropriately set to give the 
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Table I-Statistical Dimnetera, Granular  Densities, Slopes for t h e  First Falling R a t e  Period, a n d  t h e  Moisture Con ten t  of t h e  
Granulation at t h e  First Critical Po in t  for Batches of Tes t  Granules 


Percent 
Moisture 


Con ten t  at 
First 


Densityb, Crit ical  
System Batch d,.,, pm d,, mm d,, mm d,,, mm g em-* SlopeC U,d P o i n t  


J a 
0 
k 
LT 16.0 
0 
I- cn 
Lz 


I- 
4 
t z 


z 
0 
0 
w 
E 4 .0  
3 


12.0 


8.0 


Lactose granulations A 
with acacia B 
mucilage C 


D 
E 


Lactose granulations A 


aqueous solution C 
D 
E 


Sulfathiazole A 
granulations with B 
acacia mucilage C 


D 
E 


with povidone B 


- 


- 


. 


. 


1600 0 .778  0 .612  
1050 0 .482  0 .371  
810 0 .310  0 .221  
640 0.239 0.170 
560 0 .160  0.107 


1580 0.588 0.436 
1050 0 .490  0.380 


870 0.259 0.166 
680 0.197 0.130 
465 0.084 0 .040  


1180 0.436 0 .313  
980 0.370 0.269 
720 0.260 0 .190  
680 0.250 0.180 
610 0 .230  0.160 


1 . 2 5  
0 . 8 2  
0 . 5 8  


1 . 3 7  
1 . 4 2  
1 . 4 7  


2 .95  
3 . 9 9  
5 .36  
6 . 0 2  
6 . 8 6  
2 .43  
3.48 
4 .83  
6 .54  
7 . 8 8  


0 . 2 6  
0 . 2 5  
0.00 
0 . 4 1  
0 . 2 8  


7 . 8  
7 . 9  
7 . 2  
4 . 0  
4 . 5  


0 . 4 6  
0 . 3 7  


1 .51  
1 . 5 2  


1 . 1 3  


0 . 5 8  
0.83 


1 . 3 6  
1 . 4 3  
1 . 4 7  


0 . 0 6  
0 . 0 3  
0 . 3 8  


1 1 . 1  
1 0 . 1  


8 . 2  
0 . 4 5  
0 . 2 6  


1 . 5 1  
1 . 5 2  
1 . 4 3  
- 


0.00 
0 .15  


5 . 1  
4 . 0  


0 . 8 6  
0 . 7 1  
0 . 5 2  
0 . 4 9  


2 .17  
3 .08  
3 .80  
5.10 


0 . 1 2  
0 . 1 7  
0 . 1 6  


2 2 . 0  
1 6 . 0  


1 . 5 2  
1 . 5 7  


1 4 . 0  
9 . 5  
7 . 0  


0 . 2 4  
0 .50  0 . 4 4  1 . 5 9  6 . 3 0  


~~ ~~~ 


dgeo = geometrical mean diameter = 50% size from the logarithmic probability plot, d ,  = mean volume diameter, d .  = mean surface diameter, and d", = 
mean volume surface diameter. b Densities represent average of three determinations. C Slopes of the first falling rate period calculated as g of moisture lo&, g of 
dry solid X 100/hr, kg of dry solid, g of moisture still present. d c8 = standard deviation for the slope of the first falling rate period obtained with 90% con- 
fidence limit. 


desired temperature. The chamber was equilibrated a t  this tem- 
perature for 15 min prior to the introduction of granules. The ini- 
tial moisture content of the granules was determined using a mois- 
ture balance' a t  80° for 15 min. Sufficient sample of the wet gran- 
ules was then spread uniformly to provide a 20 X 20-cm square bed 
of 0.64-cm thickness in a sample tray. 


The tray was suspended inside the dryer from the weighing de- 
vice and a thermocouple placed on the surface of the granules bed. 
The placement of the tray in the drying chamber requires the 
opening of the chamber door, which usually led to  a slight drop in 
the drying chamber temperature. However, placement of the tray 
was done very quickly so that the drop in temperature was about 
2O and the test granulations were immediately exposed to a tem- 
perature of 40 f lo. 


The initial weight of the suspended system, i.e., the weighing as- 
sembly and granules, was recorded along with the inlet air, granule 
surface, and outlet air temperatures every 30 min until the weight 
of the granulations became constant. At this point, the dryer was 
opened and the final moisture content of the granules was deter- 
mined using the moisture balance. 


Sulfathiazole Granulation Studies-The same procedure as 
described for lactose was used, except that the drying chamber was 
initially heated to about 53O with an inlet air temperature of 85O. 
The drying chamber was then equilibrated at  53" for 15 min. 
When placed in the dryer, the sulfathiazole granules were immedi- 
ately exposed to a temperature of 50 f 1'. 


Determination of Mean Volume Diameter, d ,  Mean Sur- 
face Diameter, d., and Mean Volume-Surface Diameter, d,,, 
of Granules-The statistical diameters were determined because 
of their physical significance and close relationship to the process 
of drying. Sieve analyses were performed on each of five batches of 
granules using standard U.S. sieve numbers 8, 10, 20, 40, and 60. 
Plots of the logarithm of sieve size against cumulative percent less 
than stated size (percent undersize) on a probability scale were ob- 
tained for each batch from sieve analysis data. 


From log-probability plots, the geometric mean diameter, dgeo, 
and standard deviation, ugeo, were calculated. Since a weight dis- 
tribution was involved in this plot, the definitions of the statistical 
diameters in terms of weight distribution as derived by Hatch (7) 
were used for their determination: 


log d,  = log dgeo - 3.4539 log2 uge,, (Eq. 1) 


log d, = log dgeo - 4.6052 log2 ugeo (Eq. 2) 


log d,,? = log dgeo - 1.1513 log2 ugeo (Eq. 3) 


Determination of Granu la r  Densities-Accurately weighed 
samples of dried granules (about 5 g) were placed in a known vol- 
ume of xylene, and the volume of xylene displaced was carefully 
determined. The granular density was then calculated from the 
weight of the sample and the granular volume. 


Determination of Slopes of First Falling Rate Period-The 
drying rate (grams hour-' kilogram-' of dry solid) was plotted 
against the percent moisture content of granules on a dry basis for 
each drying run. The drying rate curves followed three distinct lin- 
ear drying phases, as previously reported for tablet granulation (1). 
For the present investigation, the slopes of the first falling rate pe- 
riod were of particular interest and were determined by linear re- 
gression (3). Four runs were made for each formulation, and four 
slopes were determined from them. The averages of the slopes 
were calculated and used in this study. The standard deviations 
for the slopes were determined with a 90% confidence limit for 
each batch of granulations. 


/ 
24.0 


2 20.0 


! I , , , , ,  
z o  


0.2 0.4 0.6 0.8 1.0 1.2 


Figure I-Plot of the percent moisture content at first critical 
point versus mean volume-surface diameter of sulfathiazole 
and lactose granulations. Key:  A ,  sulfathiazole granulations 
prepared using acacia mucilage as binder; a, lactose granula- 
tions prepared using aqueous povidone solution as binder; and 
W. lactose granulations prepared using acacia mucilage as 
binder. 


MEAN VOLUME SURFACE DIAMETER. mm 


' Model 6000, Ohaus Scale Corp., Union, N.J. 
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Figure 2-Plot of the percent moisture content at first critical 
point versus density of sulfathiazole and lactose granulations. 
Key: A, sulfathiazole granulations prepared using acacia 
mucilage as binder; 0, lactose granulations prepared using 
aqueous povidone solution as binder; and ., lactose granula- 
tions prepared using acacia mucilage as binder. 


RESULTS AND DISCUSSION 


The various physical parameters for lactose and sulfathiazole 
granules, prepared using acacia mucilage and povidone solutions, 
are presented in Table I along with their corresponding values for 
the slopes of the first falling rate period and the moisture contents 
a t  which the first falling rate period started (first critical point). 
The statistical diameters of the granules affected the first critical 
points for these batches (Fig. 1). As the mean volume-surface di- 
ameters of the granules increased, the first critical point occurred 
at  a higher moisture content. Since the moisture movement within 
a larger size granule would be more restricted, whether by diffu- 
sion or capillary flow, unsaturation of the granulation surface oc- 
curs a t  higher moisture content. Therefore, for larger granulations, 
more drying occurs during the failing rate periods and more time is 
needed to dry them to a given final moisture content. 


There was a marked difference in the shape of the curves for lac- 
tose and sulfathiazole granules. For sulfathiazole granules, which 
are mostly porous and the moisture present is unbound since the 
material is water insoluble, the relationship was linear; for lactose 
granules, the curve indicated an apparent logarithmic relationship. 
This observation suggests that the moisture movement during this 
phase of the drying rate is directly proportional to the moisture 
content of the sulfathiazole granules and thus basically due to a 
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Figure %-Plot of the slope of first falling rate period versus 
mean volume-surface diameter of sulfathiazole and lactose 
granulations. Key:  A, sulfathiazole granulations prepared 
using acacia mucilage as binder; and 0, lactose granulations 
prepared using acacia mucilage as binder. 
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Figure 4-Plot of the slope of first falling rate period versus 
mean surface diameter of sulfathiazole and lactose granula- 
tions. Key:  A, sulfathiazole granulations prepared using acacia 
mucilage as binder; and a, lactose granulations prepared using 
acacia mucilage as binder. 


capillary flow mechanism as reported for sand beds (6) and porous 
ceramic plates (5). For lactose granules, the moisture movement is 
due to a diffusion mechanism or to diffusion and a capillary flow 
mechanism, both occurring simultaneously as in the drying of clays 
and paper pulp (2). 


Pitkin and Carstensen (9), while studying the final moisture 
content of sucrose granulations as a function of granule size, con- 
cluded that granules dry by a diffusional process. This conclusion 
is probably true for sucrose granules. However, in the present 
study, the mechanism of drying differed depending upon the na- 
ture of the ingredients present in the granulations. 


The curves for the percent moisture content a t  the first critical 
point versus the mean volume diameter and the mean surface di- 
ameter were observed to be similar, and it was difficult to conclude 
if one statistical diameter gave a better correlation than the other 
two studied. 


The density of the dried granules varied inversely with the gran- 
ular size. Thus, opposite relationships were observed with densities 
of the granules compared with those observed with various statisti- 
cal diameters. The curves for the percent moisture content at the 
first critical point versus densities of the granulations are shown in 
Fig. 2. As the granular density increased, the first critical point oc- 
curred at  lower moisture contents. This relationship was linear for 
sulfathiazole granules; for lactose granules, an apparent logarith- 
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Figure 6-Plot of the slope of first falling rate period versus 
mean volume diameter of sulfathiazole and lactose granulations. 
Key: A, sulfathiazole granulations prepared using acacia 
mucilage as binder; and 0,  lactose granulations prepared using 
acacia mucilage as binder. 
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Figure 6-Plot of logarithm of slope of first falling rate period 
versus granular density of sulfathiazole and lactose granula- 
tion. Key: A, sulfathiazole granulations prepared using acacia 
mucilage as binder; and 0, lactose granulations prepared using 
acacia mucilage as  binder. 


mic-type relationship existed. This phenomenon could be easily 
explained based upon mechanism of moisture movement within 
the granules during this phase of drying. 


Linear relationships were also observed between the slopes of 
the falling rate period and the statistical diameters of granulations 
prepared using the same binding agent (Figs. 3-5). A reduction in 
the size of the granules led to an increase in the slope because for 
smaller granules the first falling rate period starts a t  a lower mois- 
ture content so moisture is depleted at a faster rate and, further- 
more, the moisture movement to the surface of the granules occurs 
faster. 


A logarithmic linear relationship was observed between the 
slopes of the first falling rate period and the granular density for 


both lactose and sulfathiazole granules (Fig. 6). As the granular 
density decreased, the moisture movement within the granules be- 
came more restricted and the rate of moisture depletion from the 
surface increased. The granular density affects the first critical 
points as well as the slope of the.first falling rate period and, there- 
fore, the drying rate curve of the granulations. Having established 
the effect of physical parameters upon the drying rate during the 
constant rate period, falling rate periods, and critical points, one 
could draw a drying rate curve for a given formulation and deter- 
mine the drying time from the initial to a desired final moisture 
content. 
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Automated Method for Determining Calcium Disodium 
Edetate in Iodinated Contrast Media Parenterals 


HOWARD W. ZIEGLER x, WILMA L. ANDERSON, and JOHN T. SHADE 


Abstract An automated method, based on the chelating reac- 
tion of calcium disodium edetate with zirconium and the subse- 
quent determination of excess zirconium reacted with xylenol or- 
ange, was developed. The procedure is applicable to parenterals 
consisting of iodinated contrast media. Familiar modules of an au- 
tomated analyzer were used, but the method can be performed 
manually if the sample load does not warrant automation. The pH 
should be controlled between 0.3 and 0.5. No interferences were 
encountered. Twenty samples per hour can be run on prepared 


sample solutions. The precision of a single determination, a t  the 
95% confidence level, was f0.008 mg/ml with a limit of detection 
near 0.40 mg/ml. 


Keyphrases 0 Calcium disodium edetate-automated analysis in 
iodinated contrast media parenterals Sequestering agents-au- 
tomated analysis of calcium disodium edetate in iodinated con- 
trast media parenterals 0 Automated analysis-calcium disodium 
edetate in iodinated contrast media parenterals 


Calcium disodium edetate USP (I) is commonly 
added to iodinated contrast media parenterals (e.g., 
sodium and meglumine iothalamates USP) as a se- 
questering-stabilizing agent. It is also used as an an- 
tioxidant in some foods and beverages such as salad 


dressings, margarine, barbecue sauce, beer, and wine. 
As a sequestering agent, it is added to complex traces 
of metals, thus preventing oxidation (catalyzed by 
trace metals) or possible discoloration. 


Several colorimetric methods have been reported 
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Figure 6-Plot of logarithm of slope of first falling rate period 
versus granular density of sulfathiazole and lactose granula- 
tion. Key: A, sulfathiazole granulations prepared using acacia 
mucilage as binder; and 0, lactose granulations prepared using 
acacia mucilage as  binder. 


mic-type relationship existed. This phenomenon could be easily 
explained based upon mechanism of moisture movement within 
the granules during this phase of drying. 


Linear relationships were also observed between the slopes of 
the falling rate period and the statistical diameters of granulations 
prepared using the same binding agent (Figs. 3-5). A reduction in 
the size of the granules led to an increase in the slope because for 
smaller granules the first falling rate period starts a t  a lower mois- 
ture content so moisture is depleted at a faster rate and, further- 
more, the moisture movement to the surface of the granules occurs 
faster. 


A logarithmic linear relationship was observed between the 
slopes of the first falling rate period and the granular density for 


both lactose and sulfathiazole granules (Fig. 6). As the granular 
density decreased, the moisture movement within the granules be- 
came more restricted and the rate of moisture depletion from the 
surface increased. The granular density affects the first critical 
points as well as the slope of the.first falling rate period and, there- 
fore, the drying rate curve of the granulations. Having established 
the effect of physical parameters upon the drying rate during the 
constant rate period, falling rate periods, and critical points, one 
could draw a drying rate curve for a given formulation and deter- 
mine the drying time from the initial to a desired final moisture 
content. 
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Automated Method for Determining Calcium Disodium 
Edetate in Iodinated Contrast Media Parenterals 


HOWARD W. ZIEGLER x, WILMA L. ANDERSON, and JOHN T. SHADE 


Abstract An automated method, based on the chelating reac- 
tion of calcium disodium edetate with zirconium and the subse- 
quent determination of excess zirconium reacted with xylenol or- 
ange, was developed. The procedure is applicable to parenterals 
consisting of iodinated contrast media. Familiar modules of an au- 
tomated analyzer were used, but the method can be performed 
manually if the sample load does not warrant automation. The pH 
should be controlled between 0.3 and 0.5. No interferences were 
encountered. Twenty samples per hour can be run on prepared 


sample solutions. The precision of a single determination, a t  the 
95% confidence level, was f0.008 mg/ml with a limit of detection 
near 0.40 mg/ml. 


Keyphrases 0 Calcium disodium edetate-automated analysis in 
iodinated contrast media parenterals Sequestering agents-au- 
tomated analysis of calcium disodium edetate in iodinated con- 
trast media parenterals 0 Automated analysis-calcium disodium 
edetate in iodinated contrast media parenterals 


Calcium disodium edetate USP (I) is commonly 
added to iodinated contrast media parenterals (e.g., 
sodium and meglumine iothalamates USP) as a se- 
questering-stabilizing agent. It is also used as an an- 
tioxidant in some foods and beverages such as salad 


dressings, margarine, barbecue sauce, beer, and wine. 
As a sequestering agent, it is added to complex traces 
of metals, thus preventing oxidation (catalyzed by 
trace metals) or possible discoloration. 


Several colorimetric methods have been reported 
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Figure 1-Flow diagram of automated system for determining 
calcium disodium edetate. All tubing is  standard. Key: A, 
14-turn mixing coil, 2 mm i.d.; and B, 28-turn mixing coil, 2 
rnm i.d. 


for the determination of ethylenediaminetetraacetic 
acid (11). A method was reported that measures ex- 
cess nickel with dimethylglyoxime after reaction with 
I1 (1). A procedure also was described using iron; the 
excess was reacted with thiocyanate (2). The use of a 
copper complex was reported (3), as was a procedure 
using chromium (4). The FDA "Food Additives Ana- 
lytical Manual" ( 5 )  lists a method based on the che- 
lating reaction of I on zirconium and subsequent de- 
termination of excess zirconium with xylenol or- 
ange. In the present study, this zirconium-xylenol or- 
ange (111) method, originally applied to the analysis of 
foods, was evaluated, adapted, and automated to an- 
alyze iodinated contrast media parenterals. 


EXPERIMENTAL 


Apparatus-A standard automated analyzer system' consisting 
of the following modules was used (Fig. 1): (a) a liquid sampler 11' 
with 0.034 probe and 20-2/1 cam, (b) a proportioning pump II', fc) 
a spectrophotometer2 modified with a 1-cm flowthrough cell, and 
fd) a strip-chart recorder3. 


Reagents and Solutions-Zirconium Stock Solution-Prepare 
by dissolving 1.77 g of zirconium oxychloride octahydrate in 100 ml 
of hydrochloric acid and dilute to 1000 ml with water in a volumet- 
ric flask. 


Zirconium-Xylenol Orange (HI) Color Reagent-Dissolve 50 
mg of xylenol orange tetrasodium salt in 75 ml of water in a 500-ml 
volumetric flask. Add 5.0 ml of zirconium stock solution and 225 
ml of 1 N HCl and dilute to volume with water. Age 24 hr and fil- 
ter through a medium-porosity paper prior to use. 


Hydrochloric Acid Wash Solution-Dilute 70 ml of concentrat- 
ed hydrochloric acid to 2000 ml with water. 


Calcium Disodium Edetate Stock Solution A-Prepare by dis- 
solving 2.00 g of anhydrous (dried at  105O for 4 hr) calcium diso- 
dium edetate USP in water, adjust the pH to 7.0-7.5 with diluted 
sodium hydroxide or hydrochloric acid solution, and dilute to vol- 
ume in a 100-ml volumetric flask with water. 


Standard Solution B-Prepare by diluting 25.0 ml of Stock So- 
lution A to 1000 ml with water 


Diluted Standard Solution C (0.025 mg/ml of I)-Prepare by 
diluting 25.0 ml of Standard Solution B to 500 ml with water. 


Transfer aliquots (usually five) of diluted Standard Solution C, 
ranging from 0.050 to 0.350 mg/100 ml, to 100-ml volumetric 


Technicon Autoanalyzer Model I, Technicon Corp., Ardsley, N.Y. 


Technicon Corp., Ardsley, N.Y. 
* Beckman model DB. 


Table I-Reproducibility of Automated Method for 
Calcium Disodium Edetate  in Iodinated Contrast  Media 
~ ~~ 


Calcium Disodium Edetate ,  mg/ml 


Loth L o t  Lot  Lot  
Product Day" A B C D 


c-Y 1 
2 
3 
4 
5 


A 


C 1 
2 
3 
4 
5 


c-4 1 
2 
3 
4 
5 


0.035 0.035 0.042 0.034 
0.045 0.045 0 .045  0.043 
0.040 0.042 0.040 0.042 
0.038 0.038 0.043 0.036 
0.036 0.037 0.037 0.037 
Pooled SD of replications within lots = 


0.098 0.095 0.095 0.107 
0.103 0.104 0.102 0.084 
0,106 0.099 0.101 0.082 
0.097 0.096 0.096 0.078 
0.099 0.097 0.099 0.080 
Pooled SD of replications within lots = 


0.100 0.075 0.095 0.076 
0.110 0.086 0.109 0.087 


0.00377 


0.00348 


- .  __. -.. 


0.106 0.079 0.101 0.082 
0.102 0.076 0.097 0.078 
0,104 0.077 0.099 0.080 
Pooled SD of replications within lots = 


0.00450 
0,115 0.085 0.082 0.093 
0,113 0.094 0.095 0.097 
0,111 0.090 0.090 0.092 
0.114 0.088 0.084 0.093 
0,107 0.088 0.087 0.090 
Pooled SD of replications within lots = 


0.00366 


A fresh sample was carried through the entire procedure each day. 
b Four different production lots of each product were arbitrarily lettered. 


flasks; add 36 ml of 1 N HCl to each flask and dilute to 100 ml with 
water. Carry the standard solutions through the entire procedure 
with prepared sample solutions. 


Procedure-Transfer a 2.0-ml aliquot of parenteral sample so- 
lution to a 100-ml volumetric flask. Add 20 ml of water and 40 ml 
of 1 N HCl, dilute to 100 ml with water, and mix. Let stand for a t  
least 15 min with occasional swirling and allow the precipitate to 
settle. Filter a portion of the clear supernate through a dry, me- 
dium-porosity paper, discarding the first 10 ml. Fill an 8.5-1111 
turntable sample cup with filtrate and place in the sampler turnta- 
ble. 


Position the series of standard solutions in 8.5-ml sample cups 
ahead of the sample solutions and place one between every sixth 
sample. Insert the color reagent tube into the hydrochloric acid 
wash reservoir. Establish a baseline at  zero absorbance by pump- 
ing hydrochloric acid wash through the system. Remove the color 
reagent tube and place it in the color reagent reservoir. Establish a 
steady "reagent blank" baseline, which will occur a t  about 0.3 ab- 
sorbance unit. 


Table 11-Recovery of Calcium Disodium 
Edetate  from Iodinated Contrast Mediaa 


De- Re-  
Sampleb, tected, Added, Found,  covery, 


ml mg/ml mg/ml mg/ml % 


1 0.102 0.050 0.152 100 
0 . 5  0.060 0.05O 0.105 88 
1 0.111 0.050 0.156 90 
1 0.108 0.050 0.158 100 
0 . 5  0.038 0.050 0.089 102 
1 0.066 0.050 0.114 96 


Average 96 


a Determined by the manual procedure. b One-half- and 1-ml samples were 
taken to keep the total calcium disodium edetate content at approximately 
the level in the contrast media being analyzed. 
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CALCIUM DlSODlUM EDATATE STANDARDS (in mg/ 100ml.) 
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Figure 2-Typical curves for the automated determination of calcium disodium edetate showing reproducibility of standards and 
actual readings of two different commercial parenterals on triplicate samples, individually prepared. 


Run the standards and sample solutions through the automated 
apparatus. Subtract the absorbances of the standards readings 
from the absorbance of the reagent blank baseline from the record- 
ed peaks. Prepare a standard calibration curve by plotting the cal- 
culated absorbances versus the mg/100 ml of I taken for each stan- 
dard. Calculate the milligrams per milliliter of I contained in a 
sample by dividing the milligrams read from a standard calibration 
curve by 2. 


RESULTS AND DISCUSSION 


Figure 2 shows a typical recording of a repeated series of stan- 
dards. Typical curves for two commercial contrast media contain- 
ing different levels of I are also shown in Fig. 2; triplicate samples, 
individually prepared, were used. Results of day-to-day reproduc- 
ibility analyses are shown in Table I. A statistical evaluation of the 
results, from five replicates run on different days using four com- 
mercial products, indicates that the reproducibility a t  the 95% 
confidence level for a single determination is 0.008 mg/ml I (at the 
O.l-mg/ml level). 


The method is useful on formulations consisting of differing ma- 
trixes (e.g., prepared with meglumine, sodium hydroxide, or sa- 
line). Several parameters were evaluated to ascertain if there were 
any interferences with the test. The experiments revealed the fol- 
lowing: 


1. The pH has an effect on optimum color development and 
should be controlled between 0.3 and 0.5. Alternatively, pH can be 
between 0.2 and 1.0 provided the pH of the sample and that of the 
standard solutions are identical. There is little or no color devel- 
oped at pH <0.2. Investigations above pH 1.0 were not made. 


2. The I level cannot be greater than 0.4 mg/100 ml, where full 
bleaching is achieved. This amount is equivalent to about 0.2 
mg/ml in a typical iodinated contrast media parenteral solution or 
about double the level customarily added. 


3. The wavelengths of the absorbance maximum shift slightly 
with concentration. The optimum wavelength was 545 nm, where a 
linear plot for all concentrations was obtained. The curve does not 
generally pass through the origin. 


4. A phosphate salt is often added to parenterals as a buffer. No 
interference was found with as much as 0.2 mg/100 ml of sodium 
phosphate added to standard solutions. 


5. Meglumine has no noticeable effect or interference on color 
development or other parameters of the test. 


6. Fluoride ion interferes by bleaching and color complexation. 
If fluoride is suspected to be present, it can be masked by reaction 


with magnesium chloride (10 ml of a 25% solution) at pH 9 and 
then acidification with phosphoric acid (5 ml) (5) prior to color 
reaction. 


7. Recovery studies using the manual procedure show an overall 
recovery of 96% (Table 11). 


The FDA procedure ( 5 )  calls for the preparation of separate xy- 
lenol orange and zirconium solutions to be used separately just 
prior to color measurement in standard and sample solutions. In 
this investigation, it was found that the reagents can be mixed and 
used as a single reagent. The mixed reagent should age about 24 hr 
and then be filtered. The solution is stable for several weeks. The 
mixed reagent is used essentially as a reagent blank to establish a 
working baseline in the automated procedure. This method is con- 
venient since the reaction in the test is a bleaching of the highly 
colored solution. When using the technique, a positive slope can be 
obtained. 


The method is fast, simple, and reproducible. Twenty prepared 
samples per hour can be run. The procedure can be performed 
manually as well. The method has been applied to other types of 
samples (e.g., saline and plasma) with adaptations to remove or 
mask interferences. Meglumine iothalamate USP, sodium iothala- 
mate USP, and combination formulas containing meglumine and 
sodium iothalamates and sodium acetrizoate have been run. 
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Automated High-pressure Liquid Chromatographic 
Analysis of Aspirin, Phenacetin, and Caffeine 


PETER P. ASCIONE' and GEORGE P. CHREKIAN 


Abstract 0 An automated high-pressure liquid chromatographic 
(HPLC) method for the separation and determination of aspirin, 
phenacetin, and caffeine in pharmaceutical dosage forms is de- 
scribed. Separation of these compounds for quantitation is 
achieved on a controlled pore glass support, utilizing a mixture of 
acetic acid and chloroform as the mobile phase. The method is spe- 
cific, accurate, and simple and provides for the quantitation of 
each chromatogram in a continuous fashion every 7 min. HPLC 
separation of other analgesics was studied on a spherical siliceous 
support. The feasibility of determining free salicylic acid in anal- 
gesics also was established. 


Keyphrases Aspirin, phenacetin, and caffeine-automated 
high-pressure liquid chromatographic analysis 0 Phenacetin, aspi- 
rin, and caffeine-automated high-pressure liquid chromatograph- 
ic analysis 0 Caffeine, aspirin, and phenacetin-automated high- 
pressure liquid chromatographic analysis 0 High-pressure liquid 
chromatography-automated analysis, aspirin, phenacetin, and 
caffeine 


The separation and determination of analgesics in 
pharmaceutical dosage forms have been difficult and 
time consuming. Column chromatography has been 
used as an official method for determining aspirin, 
phenacetin, and caffeine (1, 2), and numerous other 
methods including solvent extraction techniques for 
separation of components were reported (3,4). Other 
methods for determining the various analgesics in- 
volve UV spectrophotometry (5 ,  6), IR spectropho- 
tometry (7, 8), titration (2), and NMR spectroscopy 
(9). 


The utilization of high-pressure liquid chromatog- 
raphy (HPLC) in pharmaceutical analysis of analge- 
sics was first reported by Henry and Schmidt (10). A 
recent paper (11) reported conditions for the routine 
separation of common components of analgesic tab- 
lets. The determination of analgesics by HPLC over- 
comes many shortcomings of the previously reported 
methods (1-9). 


The present work describes the automation of 
HPLC as applied to the separation and determina- 
tion of aspirin, phenacetin, and caffeine. It also in- 
cludes the chromatography of other analgesics and/or 
combinations amenable to separation and analysis by 
automated HPLC. By modifying the chromatograph- 
ic conditions, a rapid quantitative analysis of free sal- 
icylic acid can be made. 


EXPERIMENTAL 


Instrumentation and Reagents-Apparatus-The apparatus 
used in the automated HPLC was acquired from commercial 
sources and modified as required. The following were used a sol- 
vent delivery pump'; a modified sample injection valve2; a UV de- 


~~ 


Model 71 1 ,  Laboratory Data Control, Riviera Beach, Fla 
Model HPSV-20, Chromatronix, Berkeley, Calif. 


Table I-Reproducibility of Peak Areas of Aspirin, 
Phenacetin, a n d  Caffeine Using Automated H P L C  


Peak Area, MV sec 


Aspirin, Phenacetin, Caffeine, 
Sample x 104 x 104 x 104 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
Mean 
SD 


RSD 


71.21 12.43 42.64 
71.21 12.45 42.77 
71.19 12.45 42.44 
71.15 12.44 42.99 
71.14 12.45 42.70 
71.00 12.45 42.44 
71.10 12.46 42.44 
71.00 12.45 42.30 
71.04 12.45 42.66 
71.08 12.46 42.58 
71.11 12.45 42.58 
+O .081 +0.0088 =to. 163 


0.11% 0.07% 0.38% 


tector equipped with optical path at  254 and 280 nm3; a modified 
liquid sampler 11, proportioning pump, and assorted tubing and 
fittings*; a multiple-program timer to control the operation of both 
the sample injection valve and the liquid sampler5; pneumatic air 
valves, 90 psi capacitf; pneumatic piston7; a digital integrate$; 
and a recorder equipped with a multirange input and variable 
chart speedQ. 


Columns-Columns are commercially available. They are 600 X 
2.1-mm i.d. X 0.6-cm (0.25-in.) 0.d. stainless steel tubing with end 
fitting containing a 2-1m filter bed support with the following 
packings: Column 1, controlled pore glass CPG-10-240 A, 200-400 
meshlo; and Column 2, Corasil II", consisting of solid glass cores 
with a porous silica surface. Each column was dry packed with the 
support by feeding small increments slowly into the empty column 
while subjecting it to vibration and sharp vertical raps on a hard 
surface. The addition, vibration, and tapping were continued until 
the column was completely packed. 


Soluents-Spectral grade and/or analytical reagent grade chlo- 
roform, methylene chloride, and acetic acid were used. 


Mobile Phase-The mobile phase is acetic acid (up to about 1096 
v/v) in chloroform of such composition that the retention times, 
when the chromatograph is operated at  a flow rate of 1.0 ml/min a t  
ambient temperature, are: aspirin, 135-145 sec; phenacetin, 220- 
230 sec; and caffeine, 370-390 sec. The recommended mobile phase 
is 8% acetic acid in chloroform (v/v). 


Aspirin, Phenacetin, and Caffeine Working Standard-Use 
reference standards of known purity. Weigh accurately about 58 
mg of aspirin, 43 mg of phenacetin, and 8 mg of caffeine, and dis- 
solve in 100 ml of mobile phase. 


Preparation of Sample (Capsules)-Accurately weigh an 
amount of sample containing the equivalent of the working stan- 
dard. Transfer to a 100-ml volumetric flask with the aid of 50 ml of 
mobile phase. Shake for 10 min and dilute to volume with mobile 
phase. Then filter a portion through fast flow paper. 


Model 220, Chromatronix, Berkeley, Calif., or Model 


Technicon Corp., Tarrytown, N.Y. 
Model 540, three poles, 2/3-rpm motor, Conrac Corp., 


Schraeder Division of Scovill, Wake Island, N.C. 
Air-Mite Division, Chicago, Ill. 
Model 3370B, Hewlett-Packard, Avondale, Pa. 
Soltec Corp., North Hollywood, Calif. 


lo Electro-Nucleonics, Inc., Fairfield, N.J. 
Waters Associates, Framingham, Mass. 


Data Control, Riviera Beach, Fla. 


Old Saybrook, Conn. 


1285, Laboratory 


Cramer Division. 
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Solvent Delivery Pump 
Recorder C I  


Figure 1-Schematic diagram of the automated high-speed liquid chromatograph. 


Integrator 


Automated Liquid Chromatographic Procedure-Chroma- 
tographic Conditions-A steady baseline is established with the 
following in operation: solvent delivery pump at a flow rate of 1 
ml/min, Column 1, UV detector set at 280 nm and a range of 0.32 
absorbance unit full scale, integrator settings, slope sensitivity up 
at  0.1 mv/min, slope down at 0.1 mv/min, peak level a t  10 mv, 
shoulder control at front “on,” shoulder a t  rear 1 mv, baseline 
reset delay a t  zero, and recorder with a chart speed of 5 mm/min. 


Operating Conditions-Solutions of standards and samples are 
filled in glass vials, covered with aluminum foil, and placed in the 
sampler tray. At the same time the proportioning pump and air are 
turned on to transport the samples from the tray to the injection 
valve and to activate the pneumatic valves to inject the samples 
into the liquid chromatograph. Once the chromatographic and op- 


.d 
P 


Reservoir 


erating conditions are established, the control timer and integrator 
are activated to start the automated analysis. Integration of the 
chromatographic peak area of samples is compared to areas of 
standard peaks, and these ratios are used to calculate the analyti- 
cal results. 


RESULTS AND DISCUSSION 


This paper describes the automation of HPLC and the chroma- 
tographic conditions that optimize the resolution of analgesics in a 
reasonable time. The automated HPLC system can be represented 
by the schematic diagram shown in Fig. 1. 


The technique consists of a series of integral parts: HPLC sam- 


I 
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I 
1 
I 
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I 
I 
I 
I 
I 
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S1-Line Switch Ml-Remote timer motor SS-Lower probe svitch S9-Upper probe switch (outer) RM-Remote Wode 
S2,S3-Timr awitches SPSP R-22 ohms S6-Alarm switch S10-Upper probe switch (inner) IM-Internal Ibde 
%Timer witch SPDT C-0.5 microfaradsl hV V-Cam switch HE-Sampler timer motor 


Figure $-Electrical diagram of the remote timer control and liquid sampler 11 modifications. 


&-Added 3 DT switch X-Disconnect 
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Figure 3-Automated sample injection valve. 


1 


2 


0 min. 


Figure 4-Separation of aspirin (I), phenacetin (Z), and 
caffeine (3).  Chromatographic conditions were: Column 1; 
mobile phase, acetic acid-chloroform (8:92 v/v); flow rate, 1.0 
mljmin; detection, 280 nm; and temperature, ambient. 


P i s t o n  


pler, sample transport system, automatic injection valve, remote 
timer control unit, and liquid chromatograph. 
HPLC Sampler-A commercial sampler is modified to form a 


suitable sampler for the HPLC. A three-pole double-throw switch 
is installed in the sampler to permit a remote timer unit to control 
the operation of the sampler. This switch permits the use of the 
liquid sampler in a normal mode and/or by the remote timer con- 
trol. These modifications are shown in Fig. 2. 


Another modification consists of placing a thin sheet of metal on 
top of the turntable, which is held in place by locating pins. This 
modification allows glass vials1* covered with aluminum foil, held 
in place by a suitable plastic ring, to be placed in the sample tray 
of the liquid sampler. At the start of the cycle, a sharp probe is 
lowered into the glass vial, piercing the aluminum foil. The sample 
is drawn from the vial to the sample injection valve. After injection 
of the sample, the probe is raised from the vial into a wash reser- 
voir and the turntable is indexed to the next sample. The opera- 
tion of the probe, turntable unit, and injection valve is controlled 
by a simple cam timer and microswitches. 


Sample Transport System-Transporting samples from the 
glass vials in the sampler to the sample injection valve is accom- 
plished with a channel peristaltic purnpl3 with 0.040 red acidflex 
tubing. When the sample probe pierces the aluminum foil covering 


Figure 5-Reproducibility of automated HPLC separation of 
aspirin, phenacetin, and caffeine using as a sample the working 
standard. Chromatographic conditions were: Column I ;  mobile 
phase, acetic acid-chloroform (8:92 v/v); flow rate, 1.0 mllmin; 
detection, 280 nm; and temperature, ambient. 


l2 Article 60975 (14.5 X 45 mm, 1 dram), Kimble Products, Toledo, Ohio. 
Technicon 15. 
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Figure 6-Separation of five common analgesics. Key: 1, 
aspirin; 2, salicylamide; 3, phenacetin; 4, caffeine; and 5, 
acetaminophen. Chromatographic conditions were: Column 2; 
mobile phase, acetic acid-chloroform-methylene chloride 
(8:42:50 v/v/v); flow rate, 1.0 mllmin; detection, 254 nm; a n d  
temperature, ambient. 


the sample vial, the sample is drawn through the injection valve 
loop to waste by the peristaltic action of the proportioning pump. 


Automated Sample Injection Valve (Fig. 3)-The sample ap- 
plication is accomplished by a rotary switching valve. Operation of 
the valve from one position to the other is accomplished by pneu- 
matic pistons controlled by the cam timer and microswitch. The 
commercial sample injection valve is modified to form a suitable 
injection valve for liquid chromatography by replacing the ceramic 
rotor with a stainless steel rotor. This valve has an external sample 
loop, which determines the size of sample applied. Activation is ac- 
complished by pneumatic piston-driven actuators, which position 
the rotor through the 60° movement. Stops are installed in front of 
the valve to ensure proper alignment of the flow when the auto- 
mated valve is rotated fully against each stop (60° apart). 


Remote Timer Control-The remote timer associated with the 
liquid sampler and automated injection valve is used to operate 
the function of the sampler and to initiate sample injection into 
the liquid chromatograph (Fig. 2). An electric timerI4 with cams 
and microswitches is used. Once the precise chromatographic con- 
ditions are established, operating procedures for sequential analy- 
sis employing the cycle timer are adjusted to control sampling and 
duration of chromatography. 


Chromatography-HPLC is a fast, reliable method for the de- 
termination of aspirin, phenacetin, and caffeine. The advantages 
of this method include fast separation time, sensitive detection, 
minimum sample preparation time, and precision. 


Adsorption, reverse phase, liquid-liquid, and ion-exchange chro- 
matography were evaluated using various supports and mobile 
phases to obtain the desired separation. Several problems were en- 
countered with these types of chromatography including column 
bleed, excessive tailing, interferences from sample matrix, and un- 
desirable separation. Analgesics were best chromatographed by the 


Conrac. 


2 


1 


0 min, 


Figure 7-Separation of salicylic acid (2) and aspirin (I) .  
Chromatographic conditions were: Column 2; mobile phase, 
acetic acid-methylene chloride (1:99 v/v); flow rate, 1.0 m l l  
min; detection, 254 nm; and temperature, ambient. 


adsorption technique where an acetic acid-chloroform solvent was 
used with a siliceous stationary phase. 


Figure 4 is a typical chromatogram depicting the separation of 
aspirin, phenacetin, and caffeine on Column 1. The chromatogram 
illustrates the range of structures that can be separated with sym- 
metrical peaks using adsorption techniques. Separation is effected 
by varying the flow rate, changing the ratio of the mixture in the 
mobile phase, and using various controlled pore glass diameters. 
Hand-packed columns can be packed homogeneously with a repro- 
ducibility in performance of about f10% within a given lot; how- 
ever, there are variations in performance from lot to lot of a given 
packing material. Therefore, minor variations in chromatographic 
conditions may be necessary to  reproduce the work described here. 


To determine the precision of the automated procedure, the re- 
producibility of peak response was studied. A mixture of analgesics 
was prepared and repeatedly chromatographed. Figure 5 depicts 
10 consecutive chromatograms, and a summary of results of inte- 
grator areas appears in Table I. 


The detector sensitivity range for analgesics appeared to be ade- 
quate for most analyses. Linearity of the liquid chromatographic 
procedure was evaluated by running standard mixtures of various 
concentrations and plotting these concentrations against their cor- 
responding peak areas. When measured peak areas were plotted, a 
linear relationship resulted between areas and concentration. 


The separation and analysis of other analgesics in combination 
were applied to automated HPLC. Four common analgesics and 
caffeine were separated (Fig. 6) using the mobile phase of acetic 
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acid-chloroform-methylene chloride on Column 2. Aspirin eluted 
first, followed by salicylamide, phenacetin, caffeine, and acetami- 
nophen. Since most analgesic combinations do not contain all five 
compounds, slight changes may be made in the mobile phase to re- 
duce the elution time to less than 20 min. 


The same chromatographic system can be used for rapid quanti- 
tative determination of free salicylic acid. Modifying the mobile 
phase accomplished the separation of free salicylic acid in analge- 
sics containing aspirin (Fig. 7). This method of separation and de- 
tection, with minimum sample preparation, proved to be more 
rapid than literature methods. 
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Timed-Release Tablets Containing Quinine Sulfate 


NICOLAS H. CHOULIS and HARRY PAPADOPOULOS * 


Abstract The release rates of quinine sulfate from slowly erod- 
ing, timed-release tablets prepared with various amounts of a swel- 
lable gum, carbomer, and cellulose acetate hydrogen phthalate at 
different compaction pressures were attained. For the dissolution 
test of the prepared tablets, the method described in NF XI11 was 
followed. The concentration of the released quinine sulfate was de- 
termined spectrophotometrically. 


Keyphrases Quinine sulfate timed-release tablets-release 
rates, effect of carbomer and cellulose acetate hydrogen phthalate 
concentrations Carbomer-effect on timed release of quinine 
sulfate from slowly eroding tablets 0 Timed-release quinine sul- 
fate tablets-effect of carbomer concentration on release rate 


It has been reported that continuously effective 
therapeutic drug levels can be achieved over a period 
of time by incorporating the medicament in a solid, 
edible, pharmaceutically and medically acceptable 
vehicle, consisting of a copolymer of glyoxal and par- 
tially degraded gelatin, and by compressing the re- 
sulting mixture into a tablet. The copolymer was 
claimed to swell and decompose slowly in the pres- 
ence of aqueous solutions, liberating the active ingre- 
dient gradually (1). A process for the preparation of 
slowly eroding tablets, involving the compression of a 
medicinal agent and a hydrophilic swellable gum was 
described (2). This process was based on the discov- 
ery that a gelled zone is formed on the surface when 
such a tablet comes in contact with aqueous media, 
which delays entry of water into the interior of the 
tablet. The incorporation of water-insoluble medica- 
ment in a gel, formed from cellulosic gums in organic 
solvents, was used to produce stable tablet products 
with delayed release (3). 


1 2  3 4 5 6 7 
DISSOLUTION TIME, hr 


Figure 1-Drug release rates from timed-release tablets con- 
taining decreasing amounts of carbomer. K e y :  0, Formulation 
1.1; 0, Formulation 1.2; ., Formulation 1.3; @, Formulation 
1.4; 0, Formulation 1.5; and V, Formulation 1.6. 


Compressed tablets were prepared having sus- 
tained-release characteristics which contained, in ad- 
dition to the medicinal agent, a water-insoluble, 
cross-linked polymer of acrylic acid and a particular, 
very slightly water-soluble, basic magnesium or calci- 
um compound (4). The sustained mechanism for 
these polymer-containing tablets was thought to de- 
rive from the formation of a protective barrier of 
gelled material a t  the tablet surface due to the swell- 
ing of the polymer. 


The complexity of factors influencing the release of 
medicament for this category of tablets did not allow 
the development of an expression to correlate the re- 
lease rate with physicochemical parameters. It was 
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acid-chloroform-methylene chloride on Column 2. Aspirin eluted 
first, followed by salicylamide, phenacetin, caffeine, and acetami- 
nophen. Since most analgesic combinations do not contain all five 
compounds, slight changes may be made in the mobile phase to re- 
duce the elution time to less than 20 min. 


The same chromatographic system can be used for rapid quanti- 
tative determination of free salicylic acid. Modifying the mobile 
phase accomplished the separation of free salicylic acid in analge- 
sics containing aspirin (Fig. 7). This method of separation and de- 
tection, with minimum sample preparation, proved to be more 
rapid than literature methods. 
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Figure 2-Drug release rates from timed-release tablets con- 
taining increasing amounts of quinine sulfate and 40% car- 
bomer. Key: 0, Formulation 2.1; 0, Formulation 2.2; m, Formu- 
lation 2.3; and 0, Formulation 2.4. 


reported that Higuchi's relationship adequately de- 
scribes the dissolution process for tablets containing 
hydrophilic gums, although they cannot be consid- 
ered as true matrix systems (5 ,6) .  


In the present investigation the effect of the 
amount of a swellable gum, namely carbomer, on the 
release of quinine sulfate from slowly eroding, timed- 
release tablets is examined. 


EXPERIMENTAL 


Materials-Quinine sulfate', cellulose acetate hydrogen phthal- 
ate2, and carbomer3 were used. All other chemicals were analytical 
or USP grade, obtained from standard sources. 


Procedures-Slowly eroding, timed-release tablets were formu- 
lated with a swellable gum, carbomer, to retard drug release. By 
adjusting the proportion of the gum, quantitative release of qui- 
nine sulfate was attained. Several formulations were prepared (Ta- 
bles 1-111). 


The ingredients of each formulation, having the desired particle 
size less than 60 mesh, were mixed for 15-20 min with a twin-shell 
mixer4. Any aggregates formed during mixing were broken down 
with a spatula, thus producing additional shear mixing. Weighed 
amounts of the mixture of powders were compressed into tablets 


1 2 3  4 5 6 7 
DISSOLUTION TIME, hr 


Figure 3-Drug release rates from timed-release tablets con- 
taining increasing amounts of quinine sulfate and 25% carbo- 
mer. Key: 0, Formulation 3.1; n, Formulation 3.2; m, Formu- 
lation 3.3; and 0,  Formulation 3.4. 


Fisher. * Eastman. 
Commercially available as Carbopol934, B. F. Goodrich. 
Patterson-Kelley Co. 


1 . 5  


1 . 6  


1 . 3  


1 . 4  


Table I-Formulations of Timed-Release Tablets" 
Containing Various Proportions of Carbomer 


Formulation Amounts, 
Number Ingredients parts % 


1 . 1  Carbomer 75 
Quinine sulfate 25 


1 . 2  Carbomer 50 
Cellulose acetate 25 


Quinine sulfate 25 
Carbomer 40 
Cellulose acetate 35 


Quinine sulfate 25 
Carbomer 30 
Cellulose acetate 45 


Quinine sulfate 25 
Carbomer 25 
Cellulose acetate 50 


Quinine sulfate 25 
Carbomer 20 
Cellulose acetate 55 


Quinine sulfate 25 


hydrogen phthalate 


hydrogen phthalate 


hydrogen phthalate 


hydrogen phthalate 


hydrogen phthalate 


a Tablets were prepared by direct compression with a compaction force of 
4000 lb. 


by compression in a 13-mm diameter set of die and punches lubri- 
cated with magnesium stearate. 


For the dissolution test of the prepared tablets, the method de- 
scribed in NF XI11 (7) was modified as follows. One tablet was 
placed in each 90-ml screw-capped bottle containing 60 ml of pH 
1.2 dissolution fluid, previously warmed to 37O. The bottles were 
capped tightly, placed in the clamps of the rotating-bottle appara- 
tus, and rotated at 40 f 2 rpm in a water bath maintained at 37 f 
0.5'. 


At the end of 1 hr, the apparatus was stopped and the bottles 
were removed. The pH 1.2 dissolution fluid from each bottle was 
decanted through a 40-mesh metal screen; as much residue was re- 
tained in the bottle as possible. Any residue remaining on the 
screen was returned to the original bottle, and 60 ml of pH 2.5 dis- 
solution fluid was added. The decanted pH 1.2 dissolution fluid 
was retained for assay. 


The process was repeated at the end of 2,5, and 7.5 hr using pH 
4.5,7.0, and 7.5 fluid, respectively. 


For the chemical assay of quinine sulfate, aliquots of the sam- 
ples were appropriately diluted and the pH's of the final solutions 
were adjusted to either 1.2 or 7.5. The concentration of quinine 
sulfate was then determined spectrophotometrically a t  345 nm (for 


Table 11-Formulations of Timed-Release Tablets" 
Containing Various Proportions of Quinine Sulfate, Group I 


Formulation Amounts, 
Number Ingredients parts % 


2 . 1  Carbomer 
Cellulose acetate 


Quinine sulfate 


Cellulose acetate 


Quinine sulfate 


Cellulose acetate 


Quinine sulfate 


Cellulose acetate 


Quinine sulfate 


hydrogen phthalate 


2 . 2  Carbomer 


hydrogen phthalate 


2 . 3  Carbomer 


hydrogen phthalate 


2 . 4  Carbomer 


hydrogen phthalate 


40 
50 


10 
40 
40 


20 
40 
20 


40 
40 
10 


50 


Tablets were prepared by direct compression with a compaction force of 
4000 Ib. 
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Table 111-Formulations of Timed-Release Tablets’ 
Containing Various Proportions of Quinine Sulfate, 
Group I1 


Formulation Amounts, 
Number Ingredients parts % 


3 . 1  Carbomer 
Cellulose acetate 


Quinine sulfate 


Cellulose acetate 


Quinine sulfate 


Cellulose acetate 


Quinine sulfate 


Cellulose acetate 


Quinine sulfate 


hydrogen phthalate 


3 . 2  Carbomer 


hydrogen phthalate 


3 . 3  Carbomer 


hydrogen phthalate 


3 . 4  Carbomer 


hydrogen phthalate 


25 
65 


10 
25 
55 


20 
25 
35 


40 
25 
25 


50 
~ 


(1 Tablets were prepared by direct compression with a compaction force of 
4000 lb. 


solutions of pH 1.2) and 331 nm (for solutions of pH 7.5), using the 
appropriate medium as the blank. 


RESULTS AND DISCUSSION 


The relationship between the amount of carbomer included in 
the tablets and the release rates obtained with the dissolution test 
is shown in Fig. 1. The proportion of carbomer in the tablets 
ranged from 75% for Formulation 1.1 to 20% for Formulation 1.6. 
Release rates from tablets containing 10-50% quinine sulfate are 
shown in Figs. 2 and 3. The amount of carbomer included in For- 
mulations 2.1-2.4 was 40%, while 25% was used for Formulations 
3.1-3.4. 


The release rates did not differ substantially for compaction 
pressures from 1000 to 5000 1bh.3266 cm2. However, higher pres- 
sures decreased considerably the release rates, probably due to en- 
trapment of drug within the matrix. Pressure of 4000 lb/1.3266 
cm2 for matrixes containing carbomer produced tablets of suffi- 
cient hardness without hindering the release of drug. The lubri- 
cant magnesium stearate might retard tablet dissolution slightly; 
replacement with magnesium lauryl sulfate is possible, but its tox- 
icity has not yet been established (8). 


The mechanism of drug release of the eroding type could be ex- 
plained by the fact that the formation of a hydrated and gelled 
zone on the surface acts as a barrier to the further penetration of 
the liquid into the tablet interior (9). As the gelled zone slowly dis- 
solves in the medium, a fresh surface is exposed to the liquid, with 
subsequent formation of a new gelled zone. Drug is liberated from 
this zone through a combination of diffusion and attrition pro- 
cesses. Part of the drug is diffused through the swelled area while 
the remainder is liberated when the hydrated zone is dissolved. 


In Fig. 1 the release of drug from timed-release tablets contain- 
ing carbomer is shown. The amount of carbomer has a marked in- 
fluence on the release of drug; as the proportion of carbomer de- 
creases, the release rate increases. This effect would be expected 
since the swelled zone is more susceptible to attrition as the pro- 
portion of the gum decreases. Therefore, the proportion of car- 
bomer can be adjusted so that all drug is released in 7.5 hr (Formu- 
lation 1.5). However, the release pattern is similar to that of matrix 
tablets; i.e., most of the drug is liberated during the initial period 
of the dissolution process. It was also found that when the propor- 
tion of the gum was 20% or less (Formulation 1.6), rather rapid dis- 
integration occurred within 2 hr (Fig. 1). 


As a filler or diluent, cellulose acetate hydrogen phthalate was 
used to enhance the permeability of the hydrated area a t  higher 
pH values. This use was based on the property of cellulose acetate 
hydrogen phthalate to be insoluble in acidic environment but solu- 
ble in media of pH 5 or higher. It was postulated that this effect 
could counterbalance the increased viscosity of carbomer gel a t  
higher pH values (10). The proportion of drug in the tablets con- 
taining 40% carbomer (Formulations 2.1-2.4) had a negligible ef- 
fect on release rates expressed as percentages (Fig. 2). However, 
the absolute amounts of drug released will be proportional to the 
total drug content. Similar results were obtained when the propor- 
tion of carbomer was 25% (Formulations 3.1-3.4, Fig. 3). No signif- 
icant differences in drug release were observed when the drug and 
carbomer contents were kept constant and the quantity of cellu- 
lose acetate hydrogen phthalate was varied at a given pH (pH 5 or 
higher). 
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NOTES 


Comparison of Observed and Predicted Bioavailability of 
Nortriptyline in Humans following Oral Administration 


MILO GIBALDI 


Abstract a The first-pass equation based on the dose, hepatic 
blood flow, and total area under the plasma level-time curve after 
oral administration was used retrospectively to  predict the bio- 
availability of nortriptyline after oral administration of 1 mg/kg- 
single oral doses to monozygotic and dizygotic twin pairs. The pre- 
dicted values of bioavailability ranged from 45 to 85%, consistent 
with experimentally derived estimates of nortriptyline availability. 


Keyphrases 0 Nortriptyline bioavailability in humans-predict- 
ed by first-pass equation, compared retrospectively to oral admin- 
istration in twin pairs 0 Hepatic metabolism, first-pass effect- 
comparison of observed and predicted nortriptyline bioavailability 
in humans 


The availability of nortriptyline was assessed in 
three healthy subjects by comparing the areas under 
the plasma concentration versus time curves after 
oral and intramuscular administration of identical 
doses of the hydrochloride salt (1). The observed 
availability in these subjects ranged between 56 and 
70% (mean of 64%). Complete GI absorption of nor- 
triptyline is suggested by the fact that the recovery of 
the main urinary metabolite, 10-hydroxynortripty- 
line, was essentially the same following both routes of 
administration. The results suggest that, in humans, 
a significant fraction of the absorbed drug is lost to 
the systemic circulation during the first pass through 
the liver (1). 


DISCUSSION 


The following equation was developed to predict the degree to 
which a drug that is completely absorbed and eliminated exclu- 
sively by hepatoportal metabolism is subject to first-pass metabo- 
lism (2): 


CEq. 1) 
flow rate 


flow rate +  dose/^^^, d t )  
f -  


where f is the fraction of the orally administered dose that actually 
reaches the systemic circulation (ie., the predicted availability), 
flow rate is the hepatic blood flow rate, and Jz CO dt is the total 
area under the plasma concentration uersus time curve after oral 
administration. 


The value of Eq. 1 lies in the fact that it requires only concentra- 
tion-time data after oral administration and a reasonable estimate 
of hepatic blood flow. This equation has been applied with reason- 
able success to studies in humans with propranolol (2) as well as 
with propoxyphene and alprenolol(3). Nortriptyline, like propran- 
0101, propoxyphene, and alprenolol, is virtually completely metab- 
olized in humans (4). 


Extensive pharmacokinetic studies (5) in twin pairs receiving 1 
mg/kg-single oral doses of nortriptyline hydrochloride afforded the 
opportunity to evaluate retrospectively the applicability of Eq. 1 
as a predictor of nortriptyline availability in humans. 


Table I-Apparent Clearance and  Predicted Availability 
Values after Oral Administration of 1 mg/kg-Single Oral 
Doses of Nortriptyline Hydrochloride to  Five Monozygotic 
Twin Pairs 


Apparent Predicted 
Availability Clearance., 


Subject liters/min (f 1 


15 1.42 
16 1.72 
25 0.80 
26 0.82 
39 0.90 
40 0.85 
47 1.04 
89 0.96 
78 0.46 
88 0.45 


Mean f 1 SD 0.94 f 0. 


0.52 
0.47 
0.66 
0.65 
0.63 
0.64 
0.60 
0.61 
0.77 
0.77 


39 0.63 + 0.09 
Calculated from Ref. 5. 


EXPERIMENTAL 


The term (dose/Jz CO d t )  in Eq. 1 is equivalent to the “apparent 
clearance” reported in Ref. 5 in terms of (liters per kilogram) 
(hour) and reexpressed in Tables I and I1 in terms of liters per 
minute. The predicted availability (f) of nortriptyline was calcu- 
lated for each subject by substituting the individual apparent 
clearance and a mean blood flow rate of 1.53 liters/min (6) in Eq. 1. 
These values are also reported in Tables I and 11. 


RESULTS 


As expected, the intrapair variation with respect to f averaged 


Table 11-Apparent Clearance ahd  Predicted Availability 
Values after Oral Administration of I mg/kg-Single Oral 
Doses of Nortriptyline Hydrochloride t o  Six Dizygotic 
Twin Pairs 


Apparent Predicted 
Clearancea, Availability 


Subject liters/min ( f )  
9 
10 
27 
28 
31 
32 
68 
81 
74 
80 
92 
94 


Mean I!= 1 SD 0. 


1.09 
0.94 
0.66 
0.39 
1.90 
1.22 
0.63 
0.78 
0.64 
0.27 
0.88 
0.48 


82 f 0.44 


0.58 
0.62 
0.70 
0.80 
0.45 
0.56 
0.71 
0.66 
0.71 
0.85 
0.63 
0.76 


0.67 + 0.11 
Q Calculated from Ref. 5. 
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only 3% in the monozygotic twins; in fact, it  was virtually negligi- 
ble in four of five pairs. Intrapair variation with respect to predict- 
ed availability in the dizygotic twins averaged about 14%. The 
mean predicted availability was essentially identical in both 
groups. The predicted availabilities in all subjects ranged between 
45 and 85%, which is consistent with the range of 56-70% observed 
in a study with three subjects (1). The mean predicted availability 
of 65% was in perfect agreement with the previously observed 
mean (1). 


This retrospective study provides greater confidence in the reli- 
ability of Eq. 1 as a predictor of average bioavailability for drugs 
undergoing first-pass metabolism. 
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Effects of Acids and Bases on 
Salicylic Acid-Cetrimide Systems 


LUCY S .  C. WAN 


Abstract 0 The effects of acids and bases on the viscosity of sali- 
cylic acid-cetrimide systems were investigated. A viscosity reduc- 
tion was produced by the addition of acids and was independent of 
the degree of saturation of the cetrimide solution with salicylic 
acid. The incorporation of base followed by that of acid increased 
and decreased the viscosity, respectively. This viscosity behavior 
was demonstrated in undersaturated systems and was not gov- 
erned by the relative amounts of base or acid used. In oversaturat- 
ed systems, only a lowering of viscosity was observed. 


Keyphrases 0 Salicylic acid-cetrimide systems-effects of vari- 
ous acids and bases on viscosity 0 Cetrimide-salicylic acid sys- 
tems-effects of various acids and bases on viscosity 0 Viscosity- 
salicylic acid-cetrimide systems, effects of various acids and bases 


Since solutions of alkaline sodium salts have been 
shown to effect different changes in the viscosity of 
salicylic acid-cetrimide systems (l), a study of the 
reaction of the viscosity of the systems to acid addi- 
tives was considered desirable. It was also the pur- 
pose of this investigation to determine whether the 
viscosity change arising from the addition of either 
acid or base is retained when these additives are 
added alternately to the same system. This approach 
is an attempt to test the sensitivity of the viscous 
property to these additives. A literature survey did 
not reveal information on this particular area of re- 
search. 


EXPERIMENTAL 


Recrystallized salicylic acid, mp 158-159O, and cetrimide' BP 
were the same as those described earlier (2). The acids were citric 


Glovers Chemicals Ltd., Leeds 12, England. 


(2) M. Gibaldi, R. N. Boyes, and S. Feldman, J. Pharm. Sci., 60, 


(3) D. Perrier, M. Gibaldi, and R. N. Boyes, J .  Pharm. Pharma- 


(4) B. Alexanderson, Eur. J. Clin. Pharmacol., 5,174(1973). 
(5) Ibid., 6,44(1973). 
(6) S. E. Bradley, F. J. Ingelfinger, and G. P. Bradley, Circula- 


1338(1971). 


col., 25,256(1973). 


tion, 5,419(1952). 
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acid2, tartaric acid3, phosphoric acid4, acetic acid5, lactic acid6, 1 N 
hydrochloric acid2, and dilute hydrochloric acid BP. The alkalies 
were 1 N sodium hydroxide3 and 1 N potassium hydroxide3. These 
additives were selected because they are representative of relative- 
ly weak acids, strong acids, and alkalies and are likely to be includ- 
ed in suspension formulation studies in which salicylic acid-cetri- 
mide systems are involved. 


The viscosity was measured at 25O as reported previously (2) 
and the pH7 was determined. 


0.5 t 
0 0.2 0.6 1.0 1.4 1.8 2.2 2.6 3.0 3.4 


0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 
CITRIC ACID SOLUTION, r n l  


Figure I-Decrease in  viscosity on addition of citric acid solu- 
twns of different concentrations to systems (50 g) containing 5% 
cetrimide and 1.4% salicylic acid a t  25". Key (citric acid, 
% w/u): 0,l; X, 4; A, 6; and 0,lO. Shear rate is 78.56 s e c - I .  


2 May and Baker, Dagenham, England. 
3 E. Merck, Darmstadt, Germany. 
4 Hopkin and Williams Ltd., England. 
5 British Drug Houses, Ltd., England. 
6 Larporte Industries Ltd., Ilford, Essex, England. 
7 Beckman pH expandometer, Fullerton, CA 92634 
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Figure 2-Effect of 10% acid solutions on the viscosity of sys- 
tems (50 g) containing 5 %  cetrimide and  1.4% salicylic acid 
a t  25'. Key: X, tartaric acid; 0, phosphoric acid; 0, acetic 
acid; f, dilute hydrochloric acid BP; and  u, lactic acid. Shear 
rate is 78.56 see-1. 


RESULTS AND DISCUSSION 


Figure 1 shows that the viscosity of salicylic acid-cetrimide sys- 
tems was lowered in the presence of citric acid; a higher concentra- 
tion of citric acid resulted in a greater lowering. Similarly, tartaric, 
acetic, phosphoric, lactic, and hydrochloric acids decreased viscosi- 
t y  (Fig. 2). The viscosity reduction was unrelated to the degree of 
saturation of the surfactant solution with salicylic acid, as can be 
seen in the action of an acetic acid solution on undersaturated and 
oversaturated systems (Fig. 3). This behavior also applied to the 
other acids employed. However, when the quantity of salicylic acid 
present in the system was low, no appreciable alteration in the vis- 
cosity was recorded (Fig. 3). Table I shows that the pH remained 
practically constant with increasing volumes of acid solution, with 
the exception of hydrochloric acid where a decrease in pH was ob- 
served. Therefore, i t  appears that the presence of most of these 
acids led to the formation of buffer systems. 


Salicylic acid was found to interact with cetrimide to form a vis- 
cous product (3). It is believed that macromolecules resulting from 
this interaction are responsible for the high viscosity obtained. In 
the presence of other additives, the viscosity of salicylic acid-cetri- 
mide systems was shown to vary according to the compounds 
added and the state of saturation of the system (2,4,5). 
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NUMBER OF ADDITION OF ADDITIVE 


Figure 4-Effect of various methods of adding base and  acid 
to the viscosity of systems (50 g) containing 5% cetrimide and  
1.4% salicylic acid a t  25'. Key: 0, 0.6 ml of 1 N NaOH- 
0.3 ml of 1 N HCl; X, 1 N NaOH-1 N HC1 fixed at 2:l 
but volume of additive varies as indicated in  milliliters on graph; 
A, 0.6 ml of 1 N HC1-0.3 ml of 1 N NaOH; -, 1 N NaOH; and 
---, 1 N HCl. Shear rate is 78.56 sec -l. 


In preliminary experiments, it was observed that when the acid 
solutions were added to cetrimide solutions in the absence of sali- 
cylic acid, they had no effect on the viscosity. Hence, i t  was unlike- 
ly for this viscosity reduction to be brought about by a reaction be- 
tween acid solutions and the surfactant. The viscosity decrease 
could not be attributed to a simple dilution effect, because the in- 
clusion of water as an additive did not give a marked change in vis- 
cosity (4). 


In the current investigation, the reduction in viscosity in both 
types of systems due to the added acids might arise from a break- 
up of the mesh-like structure of the system, the macromolecules 
becoming unstable in the presence of the acids. This condition in- 
dicates a high sensitivity of the macromolecules to these additives 
and the weakness of the links in the macromolecular network. The 
acid effect on viscosity is essentially the opposite to that of the so- 
dium salts for undersaturated systems (1) but similar for oversatu- 
rated systems. 


Instead of the usual method of adding the additive solution di- 
rectly to the salicylic acid-cetrimide system, other procedures were 
adopted to ensure that the technique employed was not a contrib- 
uting factor to the viscosity response obtained. First, the acid solu- 
tion was added to the cetrimide solution and then the salicylic acid 
solution was added. Second, salicylic acid was added to the acid so- 
lution and this step was followed by the cetrimide solution addi- 
tion. In both cases, a decrease in viscosity resulted. This finding 
suggests that the viscosity effect is not influenced by .the manner 
of addition of the additive. 


To examine further the mechanism of acid additive effect, a 
base was selected and, from preliminary studies, it was found that 
sodium hydroxide increased the viscosity of undersaturated sys- 
tems but decreased that of oversaturated systems in the same way 
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Figure 5-Viscosity variation produced by different ratios of 
sodium hydroxide to citric acid in systems containing 5 %  
cetrimide and 1.4% salicylic acid (50 g) a t  25'. Key (1 N 
sodium hydroxide-7% citric acid): X, 1:l; 0, 1:2; A, 1:4; 
u, 1:6; -, 1 N sodium hydroxide; and ---, 7 %  citric acid. 
Shear rate is 78.56 sec-'. 
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Table I-pH of Systems Containing 5 %  Cetrimide and  1.4% Salicylic Acida in the  Presence of 
Varying Volumes of 10% Acid Solutions 


Volume of Acid Solution, ml  


Acid Solution 0 . 2  0 . 4  0 . 8  1 . 2  1 . 6  2 . 2  2 . 8  3 . 4  


Citric acid 2 .45 2.45 2.45 2.45 2 .45  2 .40  2.40 2.35 
Tartaric acid 2 .45 2.45 2.45 2.45 2 .45  2 .45  2 . 4 5  2.45 
Acetic acid 
Lactic acid 
Phosphoric acid 


~ _. 


2.45 2.45 2.45 2.45 2 .45  2 .45  2 45 2 45 
2 .35  2.35 2.35 2.35 2.35 2 .35  2 .35  2 .35  
2.35 2.35 2.35 2.30 2.30 2 .25  2 .25  2 . 2 5  


Diluie hydrochloric acid BP 2 . 3 5  2.25 2 . 1 5  2 .10  2.05 1 . 9 5  1 . 9 0  1 .85  


0 pH of system without additive is 2.45. 


as the other sodium salts reported (1). Several approaches were 
made to determine whether the viscosity change brought about ei- 
ther by an acid or a base can be further influenced by a number of 
alternate additions of each additive. When the volumes of solu- 
tions of sodium hydroxide and of hydrochloric acid were kept con- 
stant so as to maintain a fixed ratio of base to acid, the viscosity 
increased and decreased with each addition of the basic and acidic 
solutions, respectively (Fig. 4). Keeping the same ratio but varying 
the additive volume did not alter the pattern of viscosity variation 
(Fig. 4). This behavior was not restricted either to a strong acid 
and a strong base or to one ratio. 


By replacing hydrochloric acid with a weaker acid, citric acid 
(Fig. 5), each of the ratios used produced the typical viscosity reac- 
tion to sodium hydroxide and to citric acid. It was noted that the 
larger the ratio, the smaller the viscosity rise and the greater the 
viscosity fall. When the order of additive addition was reversed 
(Fig. 4), an increase and a decrease with respect to the additives 
were produced. From these results, it may be concluded that the 
changes in viscosity in these systems due to the added base and the 
acid can be predicted and that the viscosity effect exhibited by ei- 
ther additive can be reproduced in the presence of the other. 


These procedures were applied to salicylic acid-cetrimide sys- 
tems which were more than saturated with salicylic acid (Fig. 6). 


0 1 2  3 4 5 6 7  8 9 1 0  
NUMBER OF ADDITION OF ADDITIVE 


Figure 6-Effect of different methods of adding base and 
acid on the viscosity of oversaturated systems (50 g )  which con- 
tain 5% cetrimide and 1.8% salicylic acid at  25'. K e y :  ., 
0.6 ml of 1 N NaOH-0.3 ml of 1 N HCI; X, 1 N NaOH- 
I N HCl fixed at  2:l but volume of additive is varied as indi- 
cated in milliliters on graph; A, 0.6 ml of 1 N HCI-0.3 ml of 
1 N NaOH; -, 1 N NaOH;  and ---, 1 N HC1. Shear rate is 
78.56 sec-l. 


The normal rise and fall in viscosity (Figs. 4 and 5) were absent 
and only a lowering of viscosity occurred. Thus, two additives with 
contrasting properties have the same effect on these dispersions. 
Apparently, the viscosity behavior resulting from both types of ad- 
ditives was maintained. By varying the concentration of cetrimide 
but keeping the amount of salicylic acid constant and vice versa, 
systems undersaturated or oversaturated with salicylic acid were 
obtained. The effects of potassium hydroxide and hydrochloric 
acid solutions on such systems were also studied to ascertain that 
the observed viscosity changes were not limited to the sodium salt. 
The results were similar to those with sodium hydroxide and the 
same acid in corresponding systems. 


The data presented show that the macromolecules in both types 
of salicylic acid-cetrimide systems are unstable to the additives. 
Recovery from a lower viscosity after the addition of acid additive 
to a greater value following the subsequent addition of alkali addi- 
tive in an undersaturated system suggests that these systems are 
sensitive to these additives and that the viscosity change can be al- 
tered readily. This rapid recovery illustrates the degree of sensitiv- 
ity. 


This finding also supports the view that the bonding links in- 
volved in the formation of macromolecules are probably not strong 
and that there may exist a preferential reaction between sodium 
hydroxide and salicylic acid to produce sodium salicylate, which 
then interacts with the free cetrimide molecules, rather than be- 
tween salicylic acid and cetrimide molecules, notwithstanding the 
previous presence of acid additive. Both reactions lead to an in- 
crease in viscosity. The insensitivity of the oversaturated systems 
may be due to the lack of free cetrimide molecules. Hence, the 
mechanism of macromolecule formation is not likely to involve 
complex interactions of such a nature as to give rise to a rigid 
structural system that is not easily affected by additives. 
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Opium Alkaloids XV: Isolation of Stepholidine 


E. BROCHMANN-HANSSEN and W. J. RICHTER * 


Abstract A protoberberine alkaloid was isolated from opium 
and characterized as (-)-2,lO-dihydroxy-3,9-dimethoxytetrahy- 
droprotoberberine by spectroscopic methods and by comparison 
with (-)-stepholidine. 


Keyphrases 0 Opium alkaloids-isolation and identification of 
(-)-stepholidine (-)-Stepholidine-isolation, identification as 
opium alkaloid 0 Alkaloids, opium-isolation and identification of 
(-)-stepholidine 0 Protoberberine alkaloids-isolation and identi- 
fication of (-)-stepholidine from opium 


In recent years, several new alkaloids have been 
isolated from opium and the opium poppy or detect- 
ed by isotope dilution techniques based on estab- 
lished or probable biosynthetic pathways. The phe- 
nolic alkaloid fraction has been a particularly rich 
source of such alkaloids. The present article describes 
the isolation of a phenolic protoberberine from 
opium. Alkaloids of this group are found in several 
plant families. Scoulerine (I) (1) and isocorypalmine 
(11) (2,3) were isolated from opium, while coreximine 
(VI) was detected by an isotope dilution method 
based on its biosynthesis from reticuline (4). 


Preparative TLC of the opium fraction containing 
minor phenolic alkaloids revealed a new alkaloid, 
which was purified by column chromatography on 
neutral alumina and crystallized from methanol, mp 
135-138', [cr]i3 - 308' (ethanol). 


DISCUSSION 


When subjected to GLC analysis', the new alkaloid produced a 
slightly tailing peak with a retention time of 23 min on a 3% OV-1 
column at  230'. Silylation2 gave a bis( trimethylsilyl) derivative (M 
= 471, determined by mass spectrometry), which formed a sharp, 
symmetrical peak with increased retention time (31 min) under 
the same conditions, indicating that two active hydrogen atoms 
had been present. Correspondingly, the mass spectrum of the alka- 
loid displayed a molecular ion peak at m/e 327, for which high-res- 
olution measurements* established a C1gH21N04 composition. 


The general fragmentation resembled the pattern characteristic 
of tetrahydroprotoberberine alkaloids (5-7), with the major frag- 
ments at mle 17811771176 and 1501149, suggesting a dihydroxydi- 
methoxy compound having one hydroxy and one methoxy group in 
each of the rings A and D. In accordance with this finding, the 
NMR spectrum5 in deuterochloroform with internal tetramethyl- 
silane standard also revealed two methoxy singlets resonating at  
3.80 and 3.86 ppm and four aromatic protons in the region of 6.5- 
6.85 ppm. 


The optical rotatory dispersion spectrum6 was very similar to 
spectra of (-)-scoulerine (I) (8), (-)-isocorypalmine (HI7, and 
(-)-tetrahydropalmatine (111) (8). The small amplitude of the sec- 
ond Cotton effect (a  = -144 in ethanol) was indicative of a 


Varian Aerograph model 2100 gas chromatograph; glass column, 1.4 rn 


Regisil-TMCS, Regis Chemical Co. 
CEC 21-llOB mass spectrometer. 
The authors thank Dr. A. L. Burlingame and Mr. B. R. Simoneit of the 


Space Sciences Laboratory, University of California, Berkeley, Calif., for 
carrying out these measurements. 


Varian A-60A NMR spectrometer. 
JASCO model ORD/W-5. 


(4.5 ft) X 2 mm i.d. 


7 E. Brochmann-Hanssen and K. Hirai, unpublished data. 


2,3,9,10-substitution pattern (8). This finding was confirmed by 
methylation of the alkaloid with diazomethane, which gave te- 
trahydropalmatine (111), identified by comparison with authentic 
material by TLC and GLC. In contrast to scoulerine, the new alka- 
loid gave no reaction with Gibb's reagent, suggesting that the phe- 
nolic functions had no unsubstituted para- position. 


Mass spectrometric criteria recently developed for assignment of 
the substitution pattern of ring D of protoberberines, based upon 
the observation of (M - OCH3)+ fragments of due abundances, fi- 
nally showed the methoxy group to be located at position 9. For 
this reason, the compound had to be either stepholidine (IV) (9) or 
its isomer with reverse substitution in ring A (VIg. Identity of the 
new opium alkaloid with stepholidine was borne out by compari- 
son of the respective IR and mass spectra. 


EXPERIMENTAL 


Powdered opium of Indian origin [1.8 kg (4 lb)] was extracted, 
and a preliminary separation of alkaloid groups was carried out as 
described previously (10). The fraction containing the minor phe- 
nolic alkaloid was subjected to preparative TLC on silica gel with 
chloroform-methanol (91) and double development. A broad 
band, shown by analytical TLC to consist of several alkaloids, was 
collected, and the alkaloids were eluted from the silica gel with 
warm methanol. The solution was evaporated to dryness under re- 
duced pressure, and the residue was chromatographed on a column 
of neutral alurnina'O with chloroform. 


Twenty-milliliter fractions were collected with an automatic 
fraction collector. The first fraction contained porphyroxine, fol- 
lowed by scoulerine, N-methyl-14-0-desmethylepiporphyroxine, 
and an unknown alkaloid. The fractions containing this unknown 
alkaloid were combined and evaporated to dryness under reduced 
pressure, and the residue (25 mg) was crystallized from methanol, 
mp 135-138'11 [lit. (9) 126-138' (in uacuo), 158-160' dec.], [a]B - 
308' (c = 0.192, ethanol) [lit. (9) [a]g - 311' in ethanol]; A,,, 
(ethanol): 285 (log t 3.77) and 226 (sh) (4.12) nm. Addition of alkali 
produced a bathochromic shift. 
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GLC Determination of Phendimetrazine in Serum 


H. K. L. HUNDT", E. C. CLARK, and F. 0. MULLER 


Abstract 0 A sensitive, specific, and quantitative GLC method for 
the determination of phendimetrazine in serum is described. The 
procedure involves the addition of an internal standard to serum 
samples, followed by extraction at  pH 13 into toluene. The extract- 
ed bases are back-extracted into 1 ml of 4 M hydrochloric acid and 
again into 100 p1 of chloroform after making the 4 M hydrochloric 
acid extract basic with 1.5 ml of 4 M sodium hydroxide. The sensi- 
tivity of the method is such that 25 ng of material can be detected 
in 5 ml of serum 


Keyphrases Phendimetrazine-GLC analysis in human ser- 
um GLC-analysis, phendimetrazine in human serum 


Phendimetrazine (I) is an anorexigenic agent mar- 
keted in South Africa in the form of a standard for- 
mulation tablet. To satisfy the requirements of the 
local Drugs Control Council, the introduction of a 
timed-release preparation of I on the South African 
market necessitated the development of a sensitive 
quantitative method for the detection of I so that 
serum levels attained after administration of a single 
timed-release tablet (containing 105 mg of phendi- 
metrazine bitartrate) could be compared with the 
levels attained after administration of a single tablet 
of the standard formulation (containing 35 mg of 
phendimetrazine bitartrate). Although various arti- 
cles refer to the clinical and toxicological aspects 
(1-7) of I and its qualitative identification by TLC 
(8) and GC (9), only one reference dealing with the 
quantitative determination of phendimetrazine in 
plasma utilizing a 14C-radioactive tracer technique 


CH, 
H J C ~ N ,  I fCH3 


Table I-Recovery of Phendimetrazine from Serum 


Amount  
Added, Amount Recovered, Mean f SD, 
ng/ml ng/ml w / m l  


20 2 0 . 2  2 0 . 7  20.9 1 9 . 4  2 0 . 3 0  f 0 . 6 7  
40 3 8 . 9  38.9 3 7 . 7  3 7 . 9  38 .35  f 0 . 6 4  
60  5 9 . 0  6 1 . 2  6 1 . 8  6 2 . 3  6 1 . 0 8  * 1 .45  
80 7 9 . 6  8 0 . 7  7 9 . 5  7 9 . 0  7 9 . 7 0  i 0 . 7 1  


(10) and one dealing with in vitro release studies of 
timed-release phendimetrazine (11) could be found. 


This report describes a sensitive GLC method for I 
determinations, under conditions where only I was 
administered, using diethylpropion (11) as an internal 
standard. 


EXPERIMENTAL 


Reagents and Chemicals-The chemicals and reagents used 
were: 2 M sodium hydroxide', 4 M sodium hydroxide, 4 M hydro- 
chloric acid', toluene', chloroform', phendimetrazine bitartrate', 
and diethylpropion hydrochloride3. 


Instrumentation-A gas chromatograph4 equipped with a 
flame-ionization detector and a 183-cm X 6-mm glass column con- 
taining 3% SE-30 on Chromosorb W (AW HMDS), 80-100 mesh, 
was used. The injection port and detector were kept at 250". The 
column temperature was kept at 140' for 8 min after injection and 
then programmed at  32"/min to 250", where it was kept for 8 min. 
Nitrogen was used as the carrier gas at a flow rate of 80 ml/min. 
Quantitation was achieved by measuring peak heights. (Peak area 
calculation by a digital integrator was found to be less reliable.) 


Measurement of I in Serum-To 5 ml of serum contained in a 
20-ml glass-stoppered centrifuge tube were added 0.5 pgof internal 
standard (in 50 ~1 of water), 1 ml of 2 M sodium hydroxide, and 5 
ml of toluene. The tube was shaken for 2 min (vortex) and centri- 
fuged, and as much as possible of the organic phase was trans- 
ferred to a 10-rn1, glass-stoppered, tapered centrifuge tube contain- 


E. Merck, Darmstadt. Pro analysi. 
2 Supplied by Rio Ethicals (Pty.) Ltd. Supplied by Mer-National Laboratories. 
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GLC Determination of Phendimetrazine in Serum 


H. K. L. HUNDT", E. C. CLARK, and F. 0. MULLER 


Abstract 0 A sensitive, specific, and quantitative GLC method for 
the determination of phendimetrazine in serum is described. The 
procedure involves the addition of an internal standard to serum 
samples, followed by extraction at  pH 13 into toluene. The extract- 
ed bases are back-extracted into 1 ml of 4 M hydrochloric acid and 
again into 100 p1 of chloroform after making the 4 M hydrochloric 
acid extract basic with 1.5 ml of 4 M sodium hydroxide. The sensi- 
tivity of the method is such that 25 ng of material can be detected 
in 5 ml of serum 


Keyphrases Phendimetrazine-GLC analysis in human ser- 
um GLC-analysis, phendimetrazine in human serum 


Phendimetrazine (I) is an anorexigenic agent mar- 
keted in South Africa in the form of a standard for- 
mulation tablet. To satisfy the requirements of the 
local Drugs Control Council, the introduction of a 
timed-release preparation of I on the South African 
market necessitated the development of a sensitive 
quantitative method for the detection of I so that 
serum levels attained after administration of a single 
timed-release tablet (containing 105 mg of phendi- 
metrazine bitartrate) could be compared with the 
levels attained after administration of a single tablet 
of the standard formulation (containing 35 mg of 
phendimetrazine bitartrate). Although various arti- 
cles refer to the clinical and toxicological aspects 
(1-7) of I and its qualitative identification by TLC 
(8) and GC (9), only one reference dealing with the 
quantitative determination of phendimetrazine in 
plasma utilizing a 14C-radioactive tracer technique 
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(10) and one dealing with in vitro release studies of 
timed-release phendimetrazine (11) could be found. 


This report describes a sensitive GLC method for I 
determinations, under conditions where only I was 
administered, using diethylpropion (11) as an internal 
standard. 
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Reagents and Chemicals-The chemicals and reagents used 
were: 2 M sodium hydroxide', 4 M sodium hydroxide, 4 M hydro- 
chloric acid', toluene', chloroform', phendimetrazine bitartrate', 
and diethylpropion hydrochloride3. 


Instrumentation-A gas chromatograph4 equipped with a 
flame-ionization detector and a 183-cm X 6-mm glass column con- 
taining 3% SE-30 on Chromosorb W (AW HMDS), 80-100 mesh, 
was used. The injection port and detector were kept at 250". The 
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Quantitation was achieved by measuring peak heights. (Peak area 
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20-ml glass-stoppered centrifuge tube were added 0.5 pgof internal 
standard (in 50 ~1 of water), 1 ml of 2 M sodium hydroxide, and 5 
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fuged, and as much as possible of the organic phase was trans- 
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Figure 1-Chromatograms of (a) I and II added to control 
serum and carried through extraction, and (b) material 06- 
tuined from biological specimens after addition of II  (internal 
standard). 


ing 1 ml of 4 M hydrochloric acid. After shaking for 2 min, the tube 
was centrifuged and the organic phase was removed by aspiration. 


The aqueous phase was transferred to a special 5-ml glass-stop- 
pered centrifuge tube equipped with a small nipple in which liq- 
uids denser than water can collect after centrifuging. The centri- 
fuge tube was cooled for 2 min in an ice bath, the aqueous phase 
was made strongly alkaline by addition of 1.5 ml of 4 M sodium 
hydroxide, and the free bases were extracted into 0.1 ml of chloro- 
form (vortex, 2 min). After brief centrifugation, 5 p1 of the chloro- 
form phase was injected into the gas chromatograph. The reten- 
tion times of I and I1 were 292 and 345 sec, respectively. 


Standard serum curves were constructed by plotting the peak 
height ratios (IJII) versus weight ratios (1111) of standard samples 
which were run simultaneously with the unknown samples as pre- 
viously described. The peak height ratio obtained from an un- 
known was then used to determine the amount of I present. 


Absorption Studies-One tablet of the standard formulation 
was administered to each of five healthy human subjects who had 
fasted overnight. Blood was collected by venipuncture before ad- 
ministration of the drug and at  intervals after administration. The 
serum was separated by centrifugation and frozen until assayed. 


For assay, equal amounts of serum of each volunteer were 
pooled for each sample and the samples were analyzed in duplicate 
as previously described. After a washout period of 3 days, the same 
procedure was followed with the administration of one tablet of 
the timed-release preparation to the same volunteers. 
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Figure 2-Pooled serum levels of I after administration of 
standard formulation (0) and timed-release formulation (0). 


RESULTS AND DISCUSSION 


Figure 1 represents the chromatogram of: (a) I and I1 added to 
control serum and carried through the extraction and GLC proce- 
dure, and (b)  material obtained from biological specimens after 
the addition of I1 as the internal standard. 


Figure 2 represents pooled serum levels of I after administration 
of the standard formulation and the timed-release formulation to 
the same five volunteers. 


Gas chromatograms of control samples taken from the volun- 
teers before any drug had been administered did not exhibit any 
peaks with retention similar to I or 11. Possible interference by me- 
tabolites of I could not be checked because these metabolites were 
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Figure 3-Relationship between peak height ratio and weight 
ratio (phendimetrazineldiethylpropion) . Five microliters was 
injected in  each case out of 100 pl following extraction from 
serum. 
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not available. However, a small peak with a retention time of 252 
sec appeared occasionally in extracts of serum from volunteers but 
did not interfere with the assay; it was attributed to a metabolite. 


A typical standard graph of peak height ratio (IAI) versus 
weight ratio (I/II) is presented in Fig. 3. A straight line with a slope 
varying between 1.31 and 1.35 and an intercept varying between 
0.04 and 0.06 on the weight ratio axis was obtained by linear re- 
gression analysis over 1 month during which the analyses were per- 
formed. The intercept on the weight ratio axis corresponds to a 
loss of O.bl.2 ng of I on the GLC column during chromatography, 
thus imposing a lower limit of detection of I in serum by this meth- 
od at  about 5 ng/ml. A peak for I just begins to appear in the chro- 
matogram at this concentration. A summary of the recovery results 
of I obtained with human serum when 20-80 ng/ml was added to 
the serum is presented in Table I. 


This GLC method was applied to a large number of samples of 
human serum during a trial comparing serum levels attained after 
administration of a standard formulation with levels attained after 
administration of a timed-release formulation of I. 
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Colorimetric Determination of Formaldehyde via 
Free Radical Formation 


JAMES W. MUNSONX and THOMAS G. HODGKINS 


Abstract Aliphatic aldehydes react with 2,3-dimethyl-2,3-bis- 
(hydroxy1amino)butane and sodium periodate to form colored free 
radicals. These radicals were stabilized with pyridine in aqueous 
solution. Low levels of formaldehyde in aqueous solutions were de- 
termined utilizing this reaction. 


Keyphrases 0 Formaldehyde-stabilized colorimetric analysis in 
aqueous solution uia reaction with 2,3-dimethyl-2,3-bis(hydrox- 
ylamino) butane and sodium periodate 2,3-Dimethyl-2,3-bis(hy- 
droxy1amino)butane-colorimetric reagent for determination of 
formaldehyde in aqueous solution 0 Colorimetry-analysis, form- 
aldehyde in aqueous solution using 2,3-dimethyl-2,3-bis(hydrox- 
ylamino) butane 


Aldehydes have been shown to form stable free 
radicals when reacted with 2,3-dimethyl-2,3-bis(hy- 
droxy1amino)butane (I) (1) (Scheme I). The anhydro 
product (11) can be isolated directly or may be con- 
verted to the free radical (111) by the action of lead 
dioxide or sodium periodate. The free radicals are red 
or blue in solution. The color of these free radicals 
suggests that this reaction may be suitable for colori- 
metric determination of aldehydes. 


Preliminary data suggested that only aliphatic al- 
dehydes and ketones react with I to form a colored 
product in aqueous solution. A spot test based on this 
reaction was developed that allows detection of as lit- 
tle as 0.2 pg of aliphatic aldehydes (2). Aliphatic ke- 
tones gave a much smaller response, with 100-200 pg 
being the minimum detectable quantity. 


Initial attempts to utilize this reaction in a quanti- 
tative manner were plagued by the instability of the 
color of the free radical. The half-life for the disap- 
pearance of color was about 7 min at 25'. This papet 
reports the stabilization of the color and the adapta- 
tion of this reaction to the determination of formal- 
dehyde at  low concentrations in aqueous solution. 


EXPERIMENTAL 


Materials-Formaldehyde stock solutions were analyzed by 
peroxide oxidation (3). Acetaldehyde was redistilled and chilled. A 
portion of acetaldehyde was added to a tared flask, sealed, and 
reweighed. Water was then added to give a known concentration, 
All other aldehyde stock solutions were prepared by dissolving 
weighed amounts of the redistilled aldehyde in water. 2,3-Di- 
methyl-2,3-bis(hydroxylamino)butane sulfate' was recrystallized 
from a 2-propanol-water mixture, mp 1 8 5 O  dec. 


Anal.-Calc. for C ~ H I S N ~ O ~ S :  C, 29.27; H, 7.32; N, 11.38. 
Found C, 27.78; H, 7.54; N, 11.12. 


Sodium periodate* and the organic solvents were reagent grade 
and were used directly. 


Effect of Solvent on Stability of Color-An aqueous reaction 
mixture containing formaldehyde (1.34 X M )  and 2,3-di- 
methyl-2,3-bis(hydroxylamino)butane sulfate (Ia) (1.76 X lo-* M) 
was prepared and allowed to react for 1 hr a t  25O. One-milliliter al- 
iquots of the reaction mixture were added to a tube containing l 
ml of the solvent being studied and 1 ml of sodium periodate 
(0.094 M). 
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not available. However, a small peak with a retention time of 252 
sec appeared occasionally in extracts of serum from volunteers but 
did not interfere with the assay; it was attributed to a metabolite. 


A typical standard graph of peak height ratio (IAI) versus 
weight ratio (I/II) is presented in Fig. 3. A straight line with a slope 
varying between 1.31 and 1.35 and an intercept varying between 
0.04 and 0.06 on the weight ratio axis was obtained by linear re- 
gression analysis over 1 month during which the analyses were per- 
formed. The intercept on the weight ratio axis corresponds to a 
loss of O.bl.2 ng of I on the GLC column during chromatography, 
thus imposing a lower limit of detection of I in serum by this meth- 
od at  about 5 ng/ml. A peak for I just begins to appear in the chro- 
matogram at this concentration. A summary of the recovery results 
of I obtained with human serum when 20-80 ng/ml was added to 
the serum is presented in Table I. 


This GLC method was applied to a large number of samples of 
human serum during a trial comparing serum levels attained after 
administration of a standard formulation with levels attained after 
administration of a timed-release formulation of I. 
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Colorimetric Determination of Formaldehyde via 
Free Radical Formation 


JAMES W. MUNSONX and THOMAS G. HODGKINS 


Abstract Aliphatic aldehydes react with 2,3-dimethyl-2,3-bis- 
(hydroxy1amino)butane and sodium periodate to form colored free 
radicals. These radicals were stabilized with pyridine in aqueous 
solution. Low levels of formaldehyde in aqueous solutions were de- 
termined utilizing this reaction. 


Keyphrases 0 Formaldehyde-stabilized colorimetric analysis in 
aqueous solution uia reaction with 2,3-dimethyl-2,3-bis(hydrox- 
ylamino) butane and sodium periodate 2,3-Dimethyl-2,3-bis(hy- 
droxy1amino)butane-colorimetric reagent for determination of 
formaldehyde in aqueous solution 0 Colorimetry-analysis, form- 
aldehyde in aqueous solution using 2,3-dimethyl-2,3-bis(hydrox- 
ylamino) butane 


Aldehydes have been shown to form stable free 
radicals when reacted with 2,3-dimethyl-2,3-bis(hy- 
droxy1amino)butane (I) (1) (Scheme I). The anhydro 
product (11) can be isolated directly or may be con- 
verted to the free radical (111) by the action of lead 
dioxide or sodium periodate. The free radicals are red 
or blue in solution. The color of these free radicals 
suggests that this reaction may be suitable for colori- 
metric determination of aldehydes. 
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reaction was developed that allows detection of as lit- 
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tones gave a much smaller response, with 100-200 pg 
being the minimum detectable quantity. 
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color of the free radical. The half-life for the disap- 
pearance of color was about 7 min at 25'. This papet 
reports the stabilization of the color and the adapta- 
tion of this reaction to the determination of formal- 
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reweighed. Water was then added to give a known concentration, 
All other aldehyde stock solutions were prepared by dissolving 
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and were used directly. 


Effect of Solvent on Stability of Color-An aqueous reaction 
mixture containing formaldehyde (1.34 X M )  and 2,3-di- 
methyl-2,3-bis(hydroxylamino)butane sulfate (Ia) (1.76 X lo-* M) 
was prepared and allowed to react for 1 hr a t  25O. One-milliliter al- 
iquots of the reaction mixture were added to a tube containing l 
ml of the solvent being studied and 1 ml of sodium periodate 
(0.094 M). 
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Table I-Effect of Solvent on Stability of Color of Free 
Radical 


Table 11-Effect of Reaction Time on Extent  of Color 
F ormation5 


Concen- 


of Added (solvent) / 
tration koba 


lo3kob, ,  Solvent, kobs 
Solvent Sec  -1 M (water) 


Water  1.63  - 1 . 0 0  
Methanol 1 . 7 0  8 . 2  1 . 0 4  
2-Propanol 1 . 3 5  4 . 3  0 . 8 3  
Hydrogen peroxide 2 . 0  3 . 3  1 . 2 3  


Dioxane 1 . 6 1  3 . 9  0 . 9 9  
Tetrahydrofuran 0 . 6 0  4 . 1  0 . 3 7  
Pyridine 0.028 8 . 2  0.017 
Acetonitrile 0 . 8 5  6 . 3  0 . 5 2  


Dimethylformamide 1 . 3 6  4 . 3  0 . 8 3  


(30% w/v) 


Dimethyl sulfoxide 1 . 6 1  4 . 7  0 . 9 9  


The absorbance3 at  515 nm was measured as a function of time 
at  2 5 O .  Plots of At - A, uersus time were linear for a t  least three 
half-lives of the color disappearance. Pseudo-first-order rate con- 
stants for this process were calculated from the slopes of these 


Effect of Pyridine Concentration on Stability-Reaction 
mixtures were prepared in the same manner as described in the 
previous section. The final solutions contained formaldehyde (4.47 
X M), Ia (8.22 X 10-3 M), and pyridine ranging from 0.41 to 
8.24 M.  Absorbance was measured as a function of time at 2 5 O ,  and 
pseudo-first-order rate constants were calculated from plots of At - A, versus time. 


Effect of Reaction Time on Extent of Color Formation-A 
reaction mixture containing Ia (1.32 X M )  and formaldehyde 
(2.76 X 10-3 M) was prepared and allowed to react at 25'. Aliquots 
(0.5 ml) were removed as a function of time and mixed with 0.5 ml 
of sodium periodate (3.7 X M) and 2.0 ml of pyridine. The ab- 
sorbance at  515 nm was measured at 1500 sec after the mixing of 
the final solution. 


Effect of Ratio of Sodium Periodate to  Formaldehyde on 
Extent of Color Formation-A reaction mixture was prepared 
containing Ia (1.32 X lo-* M) and formaldehyde (2.68 X M) 
and allowed to react for 5 min at 25'. Then 0.5 ml of the reaction 
mixture was added to 2.0 ml of pyridine and 0.5 ml of a sodium 
periodate solution. The absorbance was measured at 515 nm after 
25 min. 


Calibration Curve for Formaldehyde-Reaction mixtures 
were prepared containing Ia (1.32 X M) and varying amounts 
of formaldehyde. The reaction mixture was allowed to stand at  25' 
for 5 min, and 0.5 ml was added to a cell containing 0.5 ml of sodi- 
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Scheme I 


Absorbance measurements were made with a Cary 15 recording spectro- 
photometer equipped with a thermostatted cell compartment or a Gilford 
model 240 spectrophotometer. 


Reaction Time, secb A51sc 


10 0.525 
20 0.540 
80 0.561 


120 0.590 
300 0.594 
600 0.588 


~~~ ~ 


Formaldehyde substrate. Time of reaction of Ia and formaldehyde be- 
fore the addition bf sodium periodate. e Absorbance measured 1500 eec after 
the addition of sodium periodate. 


urn periodate (0.037 M) and 2.0 ml of pyridine. Absorbance at 515 
nm was measured 25 min after the addition of the sodium per- 
iodate and pyridine. 


Reaction of Other Compounds-Reaction mixtures were pre- 
pared containing Ia (1.32 X M) and some aldehydes and ke- 
tones. As a function of time, 0.5 ml of the reaction mixture was 
added to 0.5 ml of sodium periodate (0.037 M) and 2.0 ml of pyri- 
dine. Absorbance was measured at  the appropriate wavelength 
after 25  min. 


RESULTS AND DISCUSSION 


Of the solvents tested (Table I), pyridine, acetonitrile, and te- 
trahydrofuran stabilized the color of the free radical. Only pyri- 
dine gave sufficient stability for analytical procedures. It was ob- 
served that the color increased immediately after the addition of 
the sodium periodate and then stabilized after 15 min. The color 
was quite stable after this time for at least 1 hr. During this span, 
the absorbance decreased at a rate of 0.8%/hr. 


While these free radicals have been found to be stable in organic 
solvents, such as cyclohexane ( l ) ,  their stability in primarily aque- 
ous solution has not been reported. Although the solvents were not 
added in equimolar concentrations, an examination of the concen- 
trations (Table I) does not suggest that any of the solvents ap- 
proach the ability of pyridine to stabilize the color when the stabil- 
ity is compared on an equimolar basis. 


Formaldehyde reacted very rapidly, the reaction being complete 
within 5 min at room temperature (Table 11). Other aliphatic al- 
dehydes reacted more slowly than formaldehyde under the same 
conditions (Table 111). Acetone and benzaldehyde failed to react 
within 30 min under the same conditions and equivalent concen- 
trations. 


Increasing pyridine concentration in the final solution led to 
greater color stability (Table IV). A concentration of 8.2 M was 
chosen for convenience of sample handling. Furthermore, this con- 
centration gave sufficient stability for the analytical procedure. 
The rate constants obtained for pyridine concentrations of 2.06 
and 4.12 M were redetermined to check the apparent decrease in 
stability upon going from 2.06 to 4.12 M pyridine. These data are 
apparently real and at this time unexplained. All rate constants 
were determined at  a single formaldehyde concentration. 


The ratio of sodium periodate to formaldehyde (and by infer- 
ence the anhydro product 11) in the final solution was found to be 


Table 111-Rate and  Extent  of Reaction of Aldehydes 
and Ketones 


Wavelength 
of Maximum 
Absorbance, 


Compound n m  tma, sec Log d 


Formaldehyde 515 300 3.06  
Acetaldehyde 538 600 3 . 2 8  
Propionaldehyde 543 1000 3 . 2 0  
But  yraldehyde 546 1000 3 . 1 6  
Isobutyraldehyde 547 1400 3 . 1 3  
Acetone N.R.c 
Benzaldehyde N.R.c 


a Time to reach maximum abaorbance. Molar absorptivity calculated on 
basis of formaldehyde concentration in sample (and by inference the concen- 
trationoffree radical).c No reaction within 30 min. 
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Table IV-Effect of Pyridine Concentration on Color 
Stability” 


Pyridine, M 106k,b., sec -1 


0 . 4 1  9.8 
2.06 0.92 
4.12 1.7 
8 .24  0 .45  


5 Formaldehyde, 4.47 X 10-4 M ;  Ia, 8.22 X 10-4 M; sodium periodate, 
3.12 X 10-8 M;25’. 


critical in that sodium periodate must be in a t  least a twofold ex- 
cess for maximal color development (Table V). Therefore, a rela- 
tively high concentration of sodium periodate should be used when 
a wide concentration range of aldehyde is to be studied. 


A calibration curve for the determination of formaldehyde gave 
excellent results. The slope of the line was 1156 liters mole-’ cm-’ 
(1-cm cell used) with an intercept of 0.008 when calculated by lin- 
ear regression analysis. The sample correlation coefficient was 
0.999 with a standard error of the estimate of 0.009 (S, .J. Form- 
aldehyde concentrations down to 4 X M can be determined 
using a 1-cm cell and a spectr~photometer~ (no scale expansion). It 
is quite conceivable that lower concentrations could be determined 
if enough sample were available to allow for the use of longer path 
length cells. Above concentrations of M ,  deviation from 
Beer’s law was observed. 


Although other aliphatic aldehydes reacted more slowly than 
formaldehyde, each gave a similar color yield. It is not unexpected 
that acetone and benzaldehyde did not react since much higher 
concentrations of these compounds must be present to give a posi- 
tive spot test using a variation of this reaction (2). Furthermore, on 
the basis of spot test data, no interference from a variety of car- 
boxylic acid derivatives is exDected (2). 


Cary 15. 


Table V-Effect of Rat io  of Sodium Periodate to 
Formaldehyde on Color Formation 


Sodium Periodate: 
Formaldehyde“ &5* 


0.70  
1 . 4 0  
1.75 
2 .10  
3 .49  
6 .99  


13.67 


0 
0 .133  
0 .362  ~ 


0.563 
0.553 
0 . 5 6 3  
0.572 


a Molar concentrations. Absorbance measured 25 min after the addition 
of sodium periodate and pyridine. 


This method represents a rapid and sensitive means for the de- 
termination of formaldehyde in aqueous solutions. Total analysis 
time for a single determination is 30 min, with as many as 30 sam- 
ples being analyzed per hour. 
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Nidation Inhibition by Simple Ergoline Derivatives 


KAREL R E ~ A B E K  *, JOHN M. CASSADY *, and HEINZ G. FLOSS SX 


Abstract The ability of four ergoline-type compounds (elymo- 
clavine, its 0-benzoate and 0-carbamate, and N-methyl-6.7-seco- 
elymoclavine) to inhibit nidation in rats was determined and 
found to parallel their prolactin-inhibiting activity. 


Keyphrases 0 Nidation-inhibition by four ergoline-type com- 
pounds, rats, relationship to prolactin-inhibiting ability 0 Ergo- 
line-related compounds-inhibition of nidation, relationship to 
prolactin-inhibiting ability Elymoclavine and related com- 
pounds-inhibition of nidation, rats 


Research interest in the pharmacology of ergot al- 
kaloids is currently focusing on two areas: their anti- 
hypertensive activity and their effect on hormone re- 
lease from the anterior pituitary gland. The latter ef- 
fect, primarily due to a direct inhibition of the syn- 
thesis and release of prolactin, manifests itself in the 


inhibition of some prolactin-dependent processes, 
e.g., lactation in various animals and in humans, de- 
velopment of certain types of mammary tumors, and 
implantation of the fertilized egg (nidation) in rats 
and mice (1). While nidation inhibition in rats is gen- 
erally thought to be predominantly or exclusively the 
result of prolactin inhibition, Fliickiger and Wagner 
(2) obtained results that led them to conclude that 
2-brorno-a-ergokryptine, a modified peptide ergot al- 
kaloid which is undergoing clinical evaluation, has a 
specific nidation-inhibiting effect. 


Since it has been shown (1, 3-5) that the peptide 
portion of these alkaloids is not required for activity, 
it was of interest to compare the ability of some sim- 
ple ergolenes to inhibit prolactin release and nida- 
tion. For this comparison, four compounds were se- 
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A calibration curve for the determination of formaldehyde gave 
excellent results. The slope of the line was 1156 liters mole-’ cm-’ 
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kaloids is currently focusing on two areas: their anti- 
hypertensive activity and their effect on hormone re- 
lease from the anterior pituitary gland. The latter ef- 
fect, primarily due to a direct inhibition of the syn- 
thesis and release of prolactin, manifests itself in the 


inhibition of some prolactin-dependent processes, 
e.g., lactation in various animals and in humans, de- 
velopment of certain types of mammary tumors, and 
implantation of the fertilized egg (nidation) in rats 
and mice (1). While nidation inhibition in rats is gen- 
erally thought to be predominantly or exclusively the 
result of prolactin inhibition, Fliickiger and Wagner 
(2) obtained results that led them to conclude that 
2-brorno-a-ergokryptine, a modified peptide ergot al- 
kaloid which is undergoing clinical evaluation, has a 
specific nidation-inhibiting effect. 


Since it has been shown (1, 3-5) that the peptide 
portion of these alkaloids is not required for activity, 
it was of interest to compare the ability of some sim- 
ple ergolenes to inhibit prolactin release and nida- 
tion. For this comparison, four compounds were se- 
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lected which had been assayed for prolactin inhibi- 
tion in rats (5) .  Three of these compounds (elymocla- 
vine, its benzoate, and its carbamate) were active (95, 
66, and 66% of inhibition shown by ergocornine as 
reference); the fourth (N-methyl-6,7-secoelymoclav- 
ine), although structurally closely related, had only 
borderline activity (40% of reference). 


EXPERIMENTAL 


Nidation inhibition by these compounds was determined using 
virgin female rats of the Wistar strain weighing 170-230 g at  the 
beginning of the experiment. They were caged with fertile males 
and their vaginal smears were examined each morning. The day of 
finding spermatozoa in the vagina was considered Day 1 of the ex- 
periment, and from this day on the animal was caged separately 
from males. 


The compounds to be tested were dissolved in 0.2% aqueous tar- 
taric acid solution at  concentrations of 1 or 0.1 mg/ml (except in 
the case of elymoclavine benzoate which required addition of 10% 
ethanol for solution). They were administered, uia stomach tube, 
to groups of six or seven animals once a day on Days 6 and 7. Each 
animal received 1 ml of solution/day, i.e., 1 or 0.1 mg of drug, cor- 
responding to approximately 5 or 0.5 mgbg. The time of adminis- 
tration and the doses were chosen on the basis of previous experi- 
ence (4). Control animals received 1 ml of 0.2% tartaric acid solu- 
tion. 


On Day 20, the animals were killed and the uterus was exam- 
ined. The number of well-developed fetuses and of resorbed fetus- 
es was determined, and the well-developed fetuses were weighed in 
some experiments (Table I). 


RESULTS AND DISCUSSION 


The experiments clearly show that elymoclavine, elymoclavine 
benzoate, and elymoclavine carbamate completely suppress the 
nidation of embryos and thus pregnancy in rats when given orally 
in doses of 5 mg/kg on the 5th and 6th days after copulation. When 
given a t  the lower dose of 0.5 mg/kg, elymoclavine carbamate did 
not significantly reduce the number of animals found pregnant. 
D-6-Methyl-8-ergoline-l-yl-acetamide tartrate, a known potent 
lactation and nidation inhibitor, was effective at  both the higher 
(Table I) and the lower dose (6). N-Methylsecoelymoclavine, when 
given in the dose of 5 mg/kg in the same way as the other drugs, 
had no significant effect on nidation but caused an interesting, 
unexplained 20% increase in weight of the fetuses. 


It follows from the results of these experiments that, in the sim- 
ple ergolene series, the nidation-inhibitory activity parallels pro- 
lactin-inhibiting ability at least qualitatively. 


REFERENCES 


(1) H. G. Floss, J. M. Cassady, and J. E. Robbers, J.  Pharrn. 


(2) E. Fluckiger and H. R. Wagner, Experientia, 24,1130(1968). 
(3) P. G. Mantle, Proc. Roy. SOC. B, 170,423(1968). . - 
(4) K. Rezabek, M. Semonsky, and N. Kucharczyk, Nature, 


(5) J. M. Cassady, G. S. Li, E. B. Spitzner, H. G. Floss, and J. A. 


(6) M. Semonsk9, N. Kucharczyk, H. Beran, K. ReiHbek, and 


Sci., 62, 600(1973). 


221,667(1969). 


Clemens, J.  Med. Chem., 17,300(1974). 


M. Seda, Collect. Czech. Chem. Commun., 36,2200(1971). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received August 16, 1974, from the 'Pharmaceutical and Bio- 
chemical Research Institute, 17, Kouiimskh, Praha 3-Vinohrady, 
Czechoslooakia, and the *Department of Medicinal Chemistry 
and Pharmacognosy, School of Pharmacy and Pharmacal Sci- 
ences, Purdue Unioersity, West Lafayette, IN 47907 


Accepted for publication November 29,1974. 
Supported in part by the National Institutes of Health Grants 


AM 11662, CA 13278, and GM 42382. 
To whom inquiries should be directed. 


1046 I Journal of Pharmaceutical Sciences 








Journal of 
Pharmaceutical 
Sciences 


JANUARY 1975 


VOLUME 64 NUMBER 1 


MARY H. FERGUSON 
Editor 


L. LUAN CORRIGAN 
Assistant Editor 


SHELLY ELLIOTT 
Production Editor 


CHRISTINE L. BAILEY 
Copy Editor 


SAMUEL W. GOLDSTEIN 
Contributing Editor 


EDWARD G. FELDMANN 
Managing Editor 


EDITORIAL ADVISORY BOARD 


LYNN R. BRADY GERHARD LEVY 


WILLIAM 0. FOYE CARL J. LINTNER JR 


HARRY B. KOSTENBAUDER G. VICTOR ROSS1 


The Journal of Pharmaceutical Sciences is published 
monthly by the American Pharmaceutical Association 
at 2215 Constitution Ave., N.W., Washington, D(’ 
20037. Second-class postage paid at  Washington, ,D.C.. 
and at additional mailing office. 


AIL expressions of opinion and statements of supposed 
fact 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 Amer 
ican Pharmaceutical 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 post- 
age. Subscription rates are subject to change without no- 
tice. Members of the American Pharmaceutical Associa- 
tion may elect to receive the Journal of Pharmaceutical 
Sciences as a part of their annual $55 (foreign $60) 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 re- 
sponsibility for foreign delivery when its records indi- 
cate shipaent  has been made. 


Change of Address-Members and subscribers 
should notify a t  once both the Post Office and the 
American Pharmaceutical Association, 2215 Constitu- 
tion Ave., N.W., Washington, DC 20037, of any change 
?f address. 
0 Copyright 1975, American Pharmaceutical Associa- 


ion, 2215 Constitution Ave., N.W., Washington, DC 
0037; all rights reserved. 


FRAGILE: HANDLE WITH CARE 


Pharmaceutical scientists and others who are involved in drug re- 
search and drug product development are quite properly concerned 
with the many considerations that contribute to the safety and ef- 
fectiveness of a pharmaceutical product. 


After identifying the particular compound with the most favor- 
able therapeutic index from among various possible homologs, ana- 
logs, congeners, salt forms, and the like, the next phase involves the 
complex process of studying and selecting ingredients and manufac- 
turing processes that will result in the most effective dosage form for 
administering that drug entity to the patient. 


Unfortunately, there has sometimes been a mistaken belief that 
once the elegant tablet, capsule, or other dosage form has been for- 
mulated in a pure, bioavailable, and uniformly potent form, the job 
was over. That is, there was little need for further concern as to the 
safety and effectiveness of the product. 


I t  is now recognized, however, that the best of products--if not 
properly packaged to protect its integrity and quality-may un- 
dergo changes due to light, moisture, air, or volatilization, which 
very well might render the product unsafe or reduce its effective- 
ness, or both. 


As in most situations, this problem has been the result of various 
factors including inadequate research, carelessness, faulty commu- 
nications, and so on. But one of the major stumbling blocks has been 
lack of an objective test procedure to conduct the necessary mea- 
surements to determine the suitability of a particular container. 
And in the absence of a test procedure that permits quantitative 
measurements of reasonable accuracy and precision, it is obvious 
that no meaningful and enforceable standards or specifications 
could be developed relative to such container characteristics. 


What was probably the first breakthrough in this field came 
about fifteen years ago with the.development and adoption by the 
official compendia of a specific test procedure and a standard speci- 
fication for the assessment of light protection afforded by glass con- 
tainers, based upon spectrophotometric measurements. This proce- 
dure and standard subsequently were extended to cover plastic con- 
tainers also. 


But the problem of container “tightness” remained. A well-inten- 
tioned effort was made by the compendia to define a “well-closed 
container” and a “tight container,” and to distinguish them from 
each other as well as from containers affording lesser protection; 
however, everyone recognized that this effort was more of a pious 
hope than a scientific standard. 


Consequently, the more recent pioneering work of the National 
Formulary-along with the cooperative involvement of the United 
States Pharmacopeia and the Food and Drug Administration--has 
resulted in a very significant step forward. We refer, of course, to  the 
new test procedure, and moisture permeability standards, that ap- 
pear in the new editions of the compendia and concerning which 
FDA is currently in the process of establishing regulations to facili- 
tate effective implementation. 


In essence, this development serves to plug what has been a gap- 
ing hole in our overall system of providing high quality drug prod- 
ucts to the patient. As a result, we soon shall be able to rest better 
assured that the drug product a t  the point of use by the patient is 
far more likely to be as safe and as effective as it was at  the time of 
its original manufacture or preparation. 












Influence of Topical Anesthesia on 
Tear Dynamics and Ocular Drug 
Bioavailability in Albino Rabbits 


THOMAS F. PATTON and JOSEPH R. ROBINSON 


Abstract 0 The bioavailability of topically applied ocular drugs is 
very poor, due largely to drug loss through drainage and tear turn- 
over. The use of high viscosity solutions or solid matrixes to delay 
or eliminate drainage is the usual approach for decreasing drug 
loss but the alternative approach of chemically reducing tear turn- 
over and/or solution drainage has not been investigated. By means 
of a simple isotopic dilution technique, using radioactive techne- 
tium sulfur colloid, the quantitative influence of topical anesthet- 
ics on tear production and instilled solution drainage was deter- 
mined. The reduction in the rate of tear turnover and solution 
drainage varies for different anesthetics and is dose dependent. 
The implication of these results for some long accepted clinical 
procedures is discussed, and questions are raised regarding the 
present understanding of the mechanisms of tear production. 
Quantitation of precorneal drug loss through instilled solution 
drainage and tear turnover permits the establishment of a baseline 
for ocular drug bioavailability. Aqueous humor drug concentration 
uersus time profiles of radioactive pilocarpine nitrate were ob- 
tained, both in the presence and absence of topical anesthesia. The 
results verify the importance of tear turnover and instilled solution 
drainage as a major route of drug loss in the eye. Moreover, the 
success of the present study in improving ocular drug bioavailabili- 
ty by the chemical approach of repressing solution drainage and 
tear turnover suggests that  this approach is viable for improving 
drug bioavailability. 


Keyphrases Ophthalmic drug bioavailability-effect of topical 
anesthetics on solution drainage and tear turnover, rabbits 
0 Anesthetics, topical-effect on tear production and solution 
drainage, ophthalmic drug bioavailability evaluated, rabbits 


Tear dynamics and ophthalmic drug bioavailability-effect of 
topical anesthetics, rabbits Bioavailability, ophthalmic-effect 
of topical anesthetics on solution drainage and tear turnover, rab- 
bits 


Ophthalmic drug bioavailability is generally con- 
ceded to be very poor from topically applied solu- 
tions. For most drugs, less than 1% of an instilled 
dose crosses the cornea to the anterior chamber. Sev- 
eral routes of loss account for this poor drug avail- 
ability, but the two major mechanisms appear to be 
drainage loss of an instilled solution and the continu- 
ous replenishment of tears, i.e., tear turnover. A re- 
cent publication from this laboratory (1) considered 
the influence of solution drainage and tear turnover 
on drug bioavailability and reported rate constants 
for drainage and tear turnover, but a quantitative 
model of drug availability was not developed. Clearly, 
to maximize drug activity through improved avail- 
ability in the eye, a complete mechanistic under- 
standing of drug movement and loss is needed. 


Any attempt to minimize drug loss by controlling 
instilled solution drainage and/or tear turnover 
should prove useful in improving ocular drug bio- 
availability. The principal approach has been to use 
viscous solutions (2-6) which delay instilled solution 
drainage but are presumed not to influence tear turn- 


over. These attempts, however, have not been based 
on fundamental information related to tear produc- 
tion and movement or instilled fluid dynamics but 
rather on clinical observations to improve a particu- 
lar biological response. 


Since it is clear that tear dynamics are an impor- 
tant factor in ophthalmic drug bioavailability, an al- 
ternative approach to using formulation factors to in- 
crease corneal contact time would be to decrease the 
extent of instilled solution drainage and tear produc- 
tion through the use of drugs or to utilize the normal 
circadian rhythm, i.e., apply a drug at  bedtime since 
tears are not formed during sleep. Neither approach 
has been previously explored, but the use of drugs to 
decrease or inhibit selectively tear turnover andlor 
solution drainage to improve drug bioavailability 
seems particularly attractive. It has been shown (7) 
that rabbits under systemic anesthesia, whose tear 
production is inhibited (1, 8), achieve significantly 
higher aqueous humor levels of an instilled drug. 


In the present work, the feasibility of controlling 
tear turnover and/or instilled solution drainage 
through chemical means is examined. In addition, the 
extent of improvement in ocular drug bioavailability, 
as a function of tear turnover and solution drainage, 
is discussed. 


EXPERIMENTAL 


Materials-Water was doubly distilled from alkaline perman- 
ganate in an all-glass distillation apparatus. 


Technetium solutions were prepared using a package' of solu- 
tions and equipment used to prepare technetium, 99mT~,  suspen- 
sions. The preparative procedure was described previously (1). 
Local anesthetics were obtained from commercial All 
other chemicals were either reagent or analytical grade. 


Standardized sterile Schirmer tear strips were obtained com- 
merc i a l ]~~ .  


Male, albino rabbits, 1.S2.4 kg, were used throughout this 
study6. The rabbits were fed a regular diet with no restrictions on 
the amount of food or water consumed. 


Tritiated pilocarpine was obtained commercially7 and was puri- 
fied immediately before use. The reasons for the purification and 
the methods used were reported earlier (9). The specific activity of 
the pilocarpine used throughout these studies was 18.8 Ci/mmole. 


Methods-Determination of Onset and Duration of Action of 
Local Anesthetics -For each local anesthetic tested, three rabbits 
were positioned in restraining boxes so that they remained ap- 
proximately in their normal posture. A drop of the appropriate 


Collokit, Abbott Radio-Pharmaceuticals, North Chicago, Ill. 
* Tetracaine hydrochloride, 0.5%, Cooper Laboratories, Wayne, N.J. 
3 Proparacaine hydrochloride, 0.5% (Ophthetic), Allergan Pharmaceuti- 


Lidocaine hydrochloride, 1% (Seracaine), Rachelle Laboratorieh, Long 


Cooper Labs, Wayne, N.J. 
Klubertanz, Edgerton, Wis. 
New England Nuclear, Boston, Mass. 


cals, Irvine, Calif. 


Beach, Calif. 
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Table I-Determination of Onset  a n d  Dura t ion  of Act ion of Topically Applied Proparacaine Hydrochloride, 0.5%, by the 
Corneal Reflex Technique 


Rabbit 1 Rabbit 2 Rabbit 3 Time a f t e r  
Instil!ation, ~ __  


min Anesthetized Control  Anesthetized Control Anesthetized Control 


5 
10 
15 
20 
25 
30 
35 


+* + + d  + ++ ++ + + 


+ 
+ + + + 


- 
- 


+ + + + ++ + + 


++ + ++ ++ ++ ++ ++ 
a A (-) response indicates that there was no corneal reflex produced by a single touch of the probe in the center of the cornea. * A  (f) response indicates 


A ( =) response indi- 
d A  (+ t )  response indcates that a single touch with the probe 


that a single touch of the probe to the cornea evoked a corneal reflex response, but the response was somewhat delayed and not severc. 
cates that further and more severe probing of the corneal still did not evoke a response. 
produced an immediate and severe response. 


type and concentration of local anesthetic was instilled onto the 
cornea of one eye, using commercial plastic dropper bottles that  
deliver a drop of 50-65 pl when held completely inverted. A drop 
of normal saline was instilled into the second eye of each rabbit as 
a control. 


At 5-min intervals, the effectiveness of the local anesthetic was 
measured by means of a corneal reflex test. A thin smooth glass 
rod was touched to the center of the cornea, and the blink response 
was observed. In this way, a qualitative measure of the onset and 
duration of action of the local anesthetics was obtained. This pro- 
cedure was helpful in gaining an idea of which drugs and what dos- 
ing regimens might be useful in the isotope studies, and it provid- 
ed a means of observing the general response of the eye under the 
influence of local anesthetics. 


Determination of Lacrimal Turnover Rate and Instilled Solu- 
tion Drainage Rate-The general procedure for the determination 
of drainage rate and lacrimal fluid turnover rate by the nonsam- 
pling method was reported previously (1). In experiments where a 
local anesthetic was used, 10 min was allowed to elapse following 
instillation of local anesthetic into the eye before technetium was 
instilled and counting commenced. The 10-min interval was select- 
ed to allow complete drainage of the anesthetic solution (10). 


Schirmer Number I Test- Rabbits were positioned in restrain- 
ing boxes in the normal manner. The test was administered in a 
dimly lit, indirectly illuminated room. Care was exercised so that 
the strips did not touch the cornea because of the pain and reflex 
lacrimation produced, which invalidates the test. The rounded 
bent end of the sterile strips were hooked over the eyelid border a t  
the junction of the middle and nasal one-third of the lower eyelid 
margin. After 5 min, the strips were removed and the length of the 
moistened area of the strips was measured. 


Basic Secretion Test-The test procedure is the same as for the 
Schirmer Number 1 test, except that 2 drops of 0.5% proparacaine 
hydrochloride were instilled into each eye and a cotton swab mois- 
tened with 4 drops of 4% cocaine hydrochloride was held on the 
lower lid for 15 sec prior to inserting the Schirmer strips. After 2 
min, the lower cul-de-sac was dried with a cotton swab and the 
strips were inserted. A similar test was also performed after instill- 
ing 5 drops of 0.5% tetracaine hydrochloride a t  1-min intervals. 
Ten minutes after the last drop of tetracaine hydrochloride was in- 
stilled, the strips were inserted and the test begun. 


Aqueous Humor Concentration versus Time Profiles for Pilo- 
carpine Nitrate in Presence and Absence of Topical Anesthesia- 
All test animals were held in wooden restraining boxes in the nor- 
mal upright position during the experiments to minimize move- 
ment. The animals were acclimated to these test conditions by 
being placed in the restraining boxes for 2-3 hr  on several succes- 
sive days before the experiment (1). 


In the case of animals in the absence of topical anesthesia, 25 pl 
of 1 x 10+ M tritiated pilocarpine nitrate was instilled onto the 
cornea, collecting in the lower cul-de-sac. During instillation, the 
lower lid was pulled slightly away from the globe but was immedi- 
ately returned to its normal position after instillation. Where topi- 
cal anesthesia was employed, 1 drop of 0.5% tetracaine hydrochlo- 
ride was instilled per minute for 5 min; 10 min was allowed to 
elapse, and then 25 pl of tritiated pilocarpine nitrate solution was 
instilled. 


At 5, 10, 15, 20, 30, 60, and 90 min postinstillation, rabbits were 
sacrificed by rapid injection of an overdose of pentobarbital sodi- 
um into a marginal ear vein. Eyes were rinsed with distilled water 
and wiped dry with tissues, after which 100-150 pl of aqueous 
humor was withdrawn from the anterior chamber. 


One hundred microliters of aqueous humor was transferreds to 
scintillation counting vials containing 20 ml of liquid scintillation 
solution9. The vials had been refrigerated for 24 hr prior to addi- 
tion of the samples and were stored in the dark a t  room tempera- 
ture for at least 48 hr before counting to minimize chemilumines- 
cence. Two consecutive 1-min counts of each sample were made 
using a liquid scintillation spectrometer lo. Quenching of radioac- 
tivity by the aqueous humor was found to be relatively constant 
from animal to animal; therefore, blank corrections were made on 
the basis of aqueous humor from a single animal in each experi- 
ment. 


RESULTS 


Determination of Onset of Action, Duration of Action, and 
Depth of Anesthesia of Various Topically Applied Local An- 
esthetics-The onset and duration of anesthesia from the various 
local anesthetics are functions of the intrinsic activity of the local 
anesthetic, the concentration of the agent used, and the dosing 
regimen. 


Table I indicates the results obtained with 0.5% proparacaine 
hydrochloride. From the data, it was determined that the onset of 
action of 0.5% proparacaine hydrochloride was from 0 to 10 min, 
with a duration of action of 10-20 min. At the 10-min point, all 
three anesthetized eyes began to appear dry, in noticeable contrast 
to the control eyes. A t  the 25-min point, all anesthetized eyes ap- 
peared to be regaining their moisture; and by 35 min, the anesthe- 
tized eyes could not be distinguished from the control eyes on the 
basis of visual appearance of the tear film. 


Table I1 reports the data obtained from identical experiments 
using 0.5% tetracaine hydrochloride. The table indicates an onset 
of action of 0-25 rnin and a duration of action of 30-55 min. As was 
the case with proparacaine hydrochloride, drying of the eye and re- 
turn to normal appearance seemed to approximate closely the loss 
and resumption of the corneal reflex. In comparison with propara- 
caine hydrochloride, tetracaine hydrochloride apparently acted 
somewhat slower but had a much longer duration of action. In ad- 
dition, the incidence of the deeper (=) anesthesia appeared to be 
sustained for longer periods with tetracaine. The implications of 
these observations will become clearer on examination of the re- 
sults of the isotope studies to  follow. 


SimJar experiments were performed using lidocaine hydrochlo- 
ride. In the three rabbits tested, 1% lidocaine hydrochloride ap- 
peared to have little or no effect on the corneal reflex. In addition, 
there apparently was little, if any, inhibition of lacrimation; i.e., 
the anesthetized eyes of all rabbits displayed no observable differ- 
ences in appearance from the control eyes. 


These experiments were in no way intended to be definitive 


' Hiopette, SchwardMann, Orangeburg, N.Y. 
Aquasol, New England Nuclear, Boston, Mass. 


lo Packard 2002, Packard Instrument Co., Downers Grove, Ill  
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Table 11-Determination of Onset and  Duration of Action of Topically Applied Tetracaine Hydrochloride 
by the  Corneal Reflex Technique 


Time af ter  Rabbi t  1 Rabbit  2 Rabbi t  3 
Instillation, 


min Anesthetized Control Anesthetized Control Anesthetized Control 


++ ++ ++ ++ 
- ++ + ++ ++ + ++ + 5 


+ ++ ++ + + 10 


++ + + 15 


++ + + 20 


++ + + 25 


++ ++ + 30 


+ + + 35 


+ + 40 
45 + 50 + ++ + ++ + + ++ 55 + + 
60 + + 
65 + + + + + ++ 
70 + + + + + ++ 
75 + + + + + ++ 


-a +*+d 


- - 
- - c  


- 
- 


- - 


- 
- - 


- - 


- - 
- - 


- - 


- 
- - 


- - 


- - 
- - 


- - 


- 
- 


- - 


- - 
- 
- 


- 


a,b*c*d See footnotes to Table I. 


quantitative studies; in fact, with somewhat more sophisticated 
equipment, more quantitative methods for measuring corneal sen- 
sitivity are available (11). However, the experiments performed 
were reproducible when repeated on the same rabbits and do pro- 
vide a basis for judging the effectiveness of various local anesthet- 
ics as well as a means of making some overall observations as to 
changes in general characteristics of the precorneal portion of the 
eye while under the influence of these drugs. 


Determination of Lacrimal Fluid Turnover Rate and In- 
stilled Volume Drainage Rate in  Rabbits under Topical Local 
Anesthesia-Varying numbers of drops of 0.5% tetracaine hydro- 
chloride were instilled into the eyes of rabbits a t  1-min intervals. 
Following a lapse of 10 min after the last drop of local anesthetic, 
25 pl of radioactive technetium suspension was instilled. By moni- 
toring the decline in technetium in the tear film, i t  is possible to 
determine tear turnover and drainage rates as previously described 
(1, 12). Table I11 shows the data obtained for lacrimal turnover 
rates following various numbers of drops of 0.5% tetracaine hydro- 
chloride as well as after 1 drop of 0.5% proparacaine hydrochloride. 


Analysis of the data reveals that both tetracaine hydrochloride 
and proparacaine hydrochloride caused a significant decrease in 
the normal turnover rate of the lacrimal fluid, indicating decreased 
tear production. Moreover, the tetracaine data reveal a dose de- 
pendency in that the larger number of drops resulted in a greater 
decrease in tear production than the smaller number of drops. In 
addition, tetracaine hydrochloride had a more pronounced effect 
in reducing the turnover rate than proparacaine hydrochloride at  a 


Table 111-Turnover R a t e  of Lacrimal Fluid in Rabbi ts  
following Various Doses of Local Anesthetics 


Standard Number 
Number of Drops Turnover  Error of De- 
of Local Anesthetic Ratea,  of termi- 


Instilled pl/min Mean nations 


Tetracaine hydro- 
chloride, 0.5% 


O b  0 . 6 6  0 . 0 3  - 
1 0.20c 0 . 0 2  7 
2 0.19c 0 . 0 4  11 
3 0 .13c  0 . 0 4  5 
4 0.11C.d 0.02 4 
5 0 . 1 0 C . d  0 .02  7 


1 0.27' 0 .04  4 


Proparacaine hydro- 
chloride, 0.5 % 


a Obtained by multiplying the observed first-order rate constant times the 
lacrimal volume, found to be 7.5 pl in fully awake unanesthetized rabbits (1 ) .  
b Refers to data obtained in fully awake, unanesthetized animals (1). C Sta- 
tistical analysis of these values using the Student t distribution (95'/, level) 
shows them Lo be significantly different from the value for unanesthetized 
animals. dstatistically different (95% level) from the values for 1 and 2 
drops. 


given dose level. This observation is consistent with the results of 
the previous section that the duration of action and the duration of 
deep anesthesia were greater with tetracaine hydrochloride than 
with proparacaine hydrochloride. 


As stated in Table 111, the turnover rates are calculated by 
multiplying the observed first-order rate constants by the lacrimal 
volume of 7.5 pl. Rabbits under general anesthesia were found to 
accommodate a larger lacrimal volume of about 12 pl (1). It is not 
unreasonable to assume that this may also be the case with rabbits 
under topical local anesthesia. If so, the drop in turnover rate in 
Table 111 would not be as large in magnitude as reported, but it 
would still be a significant decrease. 


Table IV shows the data obtained for the drainage rate con- 
stants following a 25-p1 instilled dose of technetium. As was the 
case with turnover rates, tetracaine hydrochloride was able to re- 
duce substantially the drainage rate of an instilled solution. The 
trend is that the greater the number of drops, the more pro- 
nounced is the effect. Also, 1 drop of tetracaine hydrochloride had 
a significantly greater effect in decreasing drainage than did a sim- 
ilar dose of proparacaine hydrochloride. In fact, a single drop of 
proparacaine hydrochloride had no effect in decreasing drainage of 
a 25-pI instilled dose of technetium suspension when compared 
with the data for fully awake unanesthetized rabbits (1). 


Table IV--First-Order Drainage R a t e  Constants for a 25-pl 
Instilled Volume of Technetium Suspension following 
Various Doses of Local Anesthetics Using the 
Nonsampling Technique 


Number of First-Order Standard 
Number of De- 


Anesthetic R a t e  Constant, of termina- 
Instilled min-1 Mean tions 


Drops of Local Drainage Error 


Tetracaine hydro- 
chloride, 0.5% 


O a  0 . 5 4  -b 3 
1 0 .39c 0 . 0 4  7 
2 0 .  35c 0 . 0 6  9 
3 0 .4ZC 0 . 1 2  4 
4 0.12d.e 0 . 0 5  3 
5 0 .06d,e 0.02 4 


1 0.  73c 0 .10  3 


Proparacaine hydro- 
chloride, 0.5% 


Refers to data obtained in fully awake, unanesthetized animals (1). 
b Reported to be within f5L7, of the mean (1). C Statistical analysis of these 
values using the Student t distribution (95% level) shows no significant dif- 
ference from the value for unanesthetized animals; however, on the 90% level, 
the value for 1 and 2 drops of 0.5% tetracaine is significantly different from 
the value for unanesthetized animals. d Statistical analysis of these values 
using the Student t distribution (99'h level) shows them to he significantly 
different from the value for unanesthetized animals. Statistically different 
(YO% level) from the values for 1,2, and 3 drops. 
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Table V-Schirmer Test in R a b b i t s  
~~ ~~ 


Standard N u m b e r  
Wet t ing  Error of 


i n  5 of Eyes 
min,mm Mean Tested 


~ ~~~~ ~ ~ 


Schirmer N u m b e r  1 test 14 1 . 1 0  14 
Basic secretion test 5.6,l 0 . 8 9  13 
5 D r o p s  of 0.5% tetra-  


caine hydrochloride 3.98 0 .75  12 


No significant difference between these values (Student t distribution, 
9.5:; level). 


The standard errors for some values in Table IV appear to be 
quite large; however, this is not unexpected due to the nature of 
the experiments; e.g., time taken to position the probe (1)  is criti- 
cal, and there is a large potential for individual variations in the 
drainage apparatus among different rabbits. 


Schirmer Number 1 and Basic Secretion Tests-The Schir- 
mer Number 1 test and the basic secretion test were performed in 
rabbits as described in the Experimental section. In addition, the 
Schirmer test was performed following 5 drops of 0.5% tetracaine 
hydrochloride, the strips being inserted 10 min after the last drop 
of tetracaine (Table V). 


In humans, a measurement of 15 mm of moistened area in 5 min 
in the Schirmer Number 1 test is regarded as a standard for nor- 
mal tear production. The value of 14 mm in rabbits reported here 
is quite comparable to humans. Both the basic secretion test and 
the test performed following 5 drops of 0.5% tetracaine hydrochlo- 
ride showed significant dropoffs in the tear production from the 
Schirmer Number 1 test; however, neither test showed as large a 
percentage decrease in tear production as was obtained in the 
technetium studies. 


Effect of Topical Anesthesia on Aqueous Humor Levels of 
Pilocarpine Nitrate-Table VI shows data obtained when 25 PI 
of a M solution of tritiated pilocarpine nitrate was instilled 
into the eyes of rabbits, both in the presence and absence of 0.5% 
tetracaine hydrochloride. Significantly greater aqueous humor lev- 
els of pilocarpine nitrate were obtained in the presence of topical 
anesthesia. In fact, computer analysis of these aqueous humor con- 
centration-time profiles reveals the area under the curve for the 
experiments in the presence of tetracaine hydrochloride to be 2.5 
times greater than in the absence of tetracaine hydrochloride, indi- 
cating that topically applied local anesthetics can indeed affect the 
bioavailability of an instilled drug solution. The pharmacokinetic 
analysis further revealed that the peak aqueous humor concentra- 
tion in both cases occurred at 25 min and that the absorption and 
elimination rate constants were essentially unchanged by the use 
of the local anesthetic. 


DISCUSSION 


Physiological and  Clinical Implications of Influence of 
Local Anesthesia on Tear Dynamics-Boberg-Ans (1  1 )  exam- 
ined the influence of retrobulbar injection of local anesthetics in 
humans on corneal sensitivity and tear production. His findings 
appear to substantiate the results reported here with regard to the 
dose dependency of the effects of local anesthetics on tear produc- 
tion. While the results cannot be compared quantitatively due to 
the differences in experimental procedure, the qualitative similari- 
ty of the effect lends validity to the use of rabbits in such studies. 
Boberg-Ans made no attempt to correlate the effects of local anes- 
thesia on tear production with any possible influence on topical 
drug bioavailability in the eye. 


Topical anesthetics used chronically may inhibit regeneration of 
the corneal epithelium (13, 14). In severe cases, such use can even 
lead to permanent reduction in visual acuity (15). Moreover, it 
seems that clinically the most effective topical anesthetics are 
those that are also the most toxic systemically (16). Computer 
analysis of the pilocarpine aqueous humor concentration uersus 
time profiles reported here indicate that peak aqueous humor con- 
centrations occur at about 25 min postinstillation both in the pres- 
ence and absence of topical anesthesia. In addition, both the ab- 
sorption and elimination rate constants are essentially the same in 
both the unanesthetized and anesthetized cases. The constancy of 


.Table VI-Aqueous Humor Concentrat ion of Pilocarpine 
Nitrate at Various T i m e s  Postinsti l lat ion f rom 25 pl of a 1 x 
10-2 M Topically Applied Solution in the Presence a n d  
Absence of Topical  Anesthesia 


Pilocarpine Insti l led 
Ni t r a t e  in Pilocarpine N u m b e r  


Aqueous Humor, Nitrate of 
Minutes rg/ml Present, % Eyes 


No Topical A n e s t h e t i c  
0 . 1 1  10 5 


10 0 . 8 5  f 0 . 1 3  0 .25  8 
0.20 9 15 


0 . 3 6  =t 0.03a 


0 . 6 8  f 0.06  
20 1 . 2 0  f 0 . 1 0  0 .36  12 
30 0 . 6 6  + 0 . 0 6  0 . 2 0  12 
60 0 .67  =t 0 .05  0 .20  7 
90 0 . 2 4  f 0 . 0 2  0.07 7 


5 Drops of 0.55; Tetracaine Hydrochloride 
5 0 . 5 2  f 0 . 0 3  0.16 8 


10 1 . 8 9  f 0.08  0 . 5 6  6 
15 2 . 2 9  0 . 2 2  0 . 6 9  9 
20 2 . 6 4  =t 0.20 0 .78  10 
30 2 . 7 3  f 0 . 1 5  0 . 8 1  10 
60 1 . 4 4  f 0 . 1 1  0 . 4 3  6 
90 0 . 6 2  -f 0 . 1 0  0.18 8 


0 Refers to standard error of the mean. 


both the peak times and the absorption rate constants suggests 
that  corneal damage is not responsible for the increased aqueous 
humor levels of drug, supporting the proposed mechanism that the 
increased drug levels are due to decreased tear production and/or 
instilled solution drainage. 


When treating various eye disorders with some topically applied 
drugs, particularly antibiotics, many ophthalmologists commence 
therapy with a very large loading dose followed by smaller doses a t  
regular intervals (17). The use of topical anesthetics prior to the 
initial dose would enable this initial dose to be reduced significant- 
ly with no resultant loss of drug at the active site. In this way, the 
benefit of a high drug titer a t  the target area can be achieved while 
minimizing the possibility’of toxic side effects due to drug loss to 
the drainage apparatus. 


The basic secretion test is used clinically to differentiate the 
function of the “basic secretors” from the “reflex secretors.” The 
results reported here with regard to the Schirmer Number 1 test 
and the basic secretion test in rabbits seem to parallel the results 
in humans. This finding tends to support the use of rabbits as a 
model in studies to determine the effects of tears on drug move- 
ment in the eye. 


However, the findings raise some serious problems with regard 
to the validity of these tests. First is the obvious need to standard- 
ize the concentration, type, and dosage of local anesthetic used 
since the degree of inhibition of tear production is a function of 
these variables. Second is the question of the mechanism of tear 
production itself. The major premise of the basic secretion test is 
that the local anesthetic will inhibit only the reflex secretors, 
thereby permitting a measurement of the function of the basic se- 
cretors. The basic secretors are thought to contribute approxi- 
mately 50% to the normal tear output (18). Within the quantita- 
tive limits of this test, the basic secretion test in rabbits roughly 
supports this assumption since a 60% reduction was obtained. 
However, in rabbits, with 5 drops of tetracaine hydrochloride, 
using the more quantitative technetium dilution technique, an 85% 
reduction in tear production was obtained. There are several possi- 
ble explanations for this finding: 


1. The Schirmer method, being rather qualitative in nature, is 
not precise enough to enable one to make definitive statements 
about the degree of tear production. 


2. The basic secretion test does not employ a high enough level 
of anesthesia to inhibit all reflex secretors completely. Therefore, 
the test does not give a true measure of basic secretion. 


3. Local anesthetics do not selectively decrease only the reflex 
secretors but decrease all tear-producing glands to  a very low level. 


4. Local anesthetics shut off reflex secretors a t  a low level due to 
their effect on the efferent, parasympathetic nerve supply; then a t  
higher levels they affect the basic secretors by exerting a local ef- 
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fect on the various glands. The reason for not being able to shut off 
the secretions completely is the difficulty of reaching all of the 
glands involved in basic secretion. This could explain the rapid 
dropoff in tear turnover seen with low levels of topical anesthetic, 
i.e., inhibition of the reflex secretors, followed by a very slow de- 
cline with higher anesthetic levels due to a local effect on the basic 
secretors. 


All of these points raise questions with regard to the under- 
standing of the mechanism of tear production. 


Finally, an important point should be made concerning the use 
of topical anesthetics as a tool to increase ocular drug bioavailabili- 
ty. The finding is that i t  is possible to improve drug bioavailability 
in the eye by chemically reducing tear turnover and instilled solu- 
tion drainage. Thus, while local anesthetics are probably not the 
optimum agents to use, they do support the concept. 


Effects of Tear Turnover and Instilled Solution Drainage 
on Amount of Drug Available for  Absorption from a n  In- 
stilled Solution-To illustrate the enormous effect that tear turn- 
over and drainage can have on the amount of an instilled drug so- 
lution available for absorption, some simple calculations were 
made using some modest approximations. For the first 5 min after 
instillation of a drug solution, drainage is the primary factor re- 
sponsible for drug loss from the precorneal pocket (1). In rabbits, 
at approximately 5 min postinstillation, the total precorneal vol- 
ume has returned to the normal lacrimal volume; a t  this point, tear 
turnover accounts for loss of drug from the lacrimal fluid. The lac- 
rimal fluid turnover rate of 0.66 pllmin divided by the normal lac- 
rimal fluid volume of 7.5 pl gives the first-order turnover rate con- 
stant of 0.088 min-’. 


After 5 drops of 0.5% tetracaine hydrochloride, the correspond- 
ing apparent turnover rate constant is reduced to 0.013 min-’. 
This is referred to as an apparent rate constant since if under topi- 
cal anesthesia the eye can hold a larger than normal volume, as is 
the case in general anesthesia (l), the rate constant would be even 
smaller than reported here. The drainage rate constants in the ab- 
sence and presence of tetracaine hydrochloride are 0.54 and 0.06 
min-1, respectively. 


Using these rate constants, the amount of drug remaining in the 
lacrimal fluid at any time can be calculated. For example, suppose 
25 pl of a 1 X M pilocarpine nitrate solution was instilled into 
the eyes and, for purposes of simplicity, it is assumed that no drug 
absorption occurs. This corresponds to instilling 67.82 crg of pilo- 
carpine nitrate. After 5 min in the absence of topical anesthesia, 
4.56 rg  of drug remains; after 5 drops of tetracaine hydrochloride, 
50.24 rg  remains. Similarly, after 20 min, 1.22 and 41.13 pg remain, 
respectively. From such calculations, it  is obvious that the use of 
topical anesthesia results in a tremendously greater amount of 
drug potentially available for absorption into the aqueous humor. 


The aqueous humor concentration uersus time profiles for tri- 
tiated pilocarpine nitiate in the presence and absence of topical 
anesthesia confirm the influence of tear turnover and instilled so- 
lution drainage on aqueous humor levels of instilled drug solutions. 
The increase is not as large as might be expected from the differ- 
ences of drug remaining in the tear film, but this can possibly be 


explained due to nonproductive scleral absorption and possible ad- 
sorption of drug on the lids and other eye tissues. This aspect of 
drug loss from the eye is currently being investigated. 
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Positional Isomer of the Muscle Relaxant Dantrolene 


THOMAS J. SCHWANx and K. 0. ELLIS 


Abstract 0 3-[ [5-(p-Nitrophenyl)furfurylidene]amino] hydantoin, 
a position isomer of dantrolene, was synthesized and evaluated for 
skeletal muscle relaxant activity. 


Keyphrases Dantrolene positional isomer (3-[[5-(p-nitro- 
phenyl)furfurylidene]amino]hydantoin)-screened for skeletal 
muscle relaxant activity 3-[[5-(p-Nitrophenyl)furfurylidene] am- 
inolhydantoin (dantrolene positional isomer)-screened for skele- 
tal muscle relaxant activity Skeletal muscle relaxant activity- 
3-[[5-(p-nitrophenyl)furfurylidene]amino]hydantoin (dantrolene 
positional isomer) screened 


Dantrolene, 1-[ [5-(p-nitrophenyl)furfurylidene]- 
aminolhydantoin (I), was shown previously to dem- 
onstrate unique skeletal muscle relaxant activity (1, 
2) by a direct action on skeletal muscle. It has been 
pharmacologically categorized as a skeletal muscle 
contraction antagonist (3). This report describes the 
synthesis of 3-[[5-(p-nitrophenyl)furfurylidene]ami- 
nolhydantoin (II), a positional isomer of I, and the 
evaluation of this compound for skeletal muscle re- 
laxant activity. 


DISCUSSION 


The reaction of 5-(p-nitrophenyl)-2-furaldehyde (111) with 3- 
aminohydantoin (IV) (4) by a previously described method (5) 
gave the target Compound 11. 


When using gross observational techniques similar to those de- 
scribed by Irwin (61, I1 did not produce any evidence of muscle re- 
laxation or any other pharmacological activity at doses from 200 to 
1600 mg/kg PO. No toxicity was noted over the same dose range. 


In the pithed rat gastrocnemius muscle preparation (7), a dose 
of 25 mg/kg iv administered in tetrahydrofurfuryl alcohol (0.75 


mllkg) caused a 25.3 f 1.8% decrease in the twitch response. The 
solvent itself produced no significant effect on the twitch response, 
while dantrolene administered at  the same dose caused a 70% de- 
crease in the twitch response (7). This twitch inhibition indicates 
that I1 has slight contraction antagonist activity but that potency 
and effectiveness are less than that of dantrolene. 


EXPERIMENTAL' 


Compound I1 was prepared as follows. The reaction of I11 and IV 
by a previously described method (5) gave 11, mp 233-234'. The 
analytical sample, mp 268-269O, was obtained by recrystallization 
from nitromethane; IR (pm): 5.61 and 5.80 (hydantoin C=O); 
NMR (dimethyl sulfoxide-ds): 6 4.03 ( s ,  2, hydantoin CH2), 7.28, 
7.44 (doublets, J = 3.5 Hz, 2, furan C-H), 7.98,8.28 (2 doublets, J 
= 9.0 Hz, 4, phenyl C-H), 8.28 (m, 1, N-H), and 9.23 (8 ,  1, 
=C-H). 


Anal.-Calc. for C I ~ H I ~ N ~ O ~ :  C, 53.50; H, 3.21; N, 17.83. Found: 
C, 53.51; H, 3.24; N, 18.03. 
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' Melting points were determined on a Mel-Temp apparatus and are un- 
corrected. The IR spectrum was determined as a mineral oil mull using a 
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Comparison of Analgesic Effects of 
Isosteric Variations of Salicylic Acid and 
Aspirin (Acetylsalicylic Acid) 


LEON THOMPKINS * and K. H. LEE 


Abstract A reliable and sensitive method was used to compare 
the analgesic activities of salicylic acid and'aspirin (acetylsalicylic 
acid) and several phenoxy substituted isosteric pairs. Those iso- 
steric compounds studied did not show analgesic activity. The an- 
algesic activity of aspirin was more than twofold greater than that 
of salicylic acid. 


Keyphrases 0 Aspirin-analgesic effects of isosteric variations, 
compared to salicylic acid isosteres Salicylic acid-analgesic ef- 
fects of isosteric variations, compared to aspirin isosteres 0 Anal- 
gesics-comparison of effects of isosteric variations of salicylic 
acid and aspirin 0 Salicylates-comparison of analgesic effects of 
isosteric variations of salicylic acid and aspirin 


Of the three major pharmacological actions of sali- 
cylic acid and aspirin (acetylsalicylic acid), their 
quantitative difference is most apparent in their.an- 
algesic effect. This difference in potency in experi- 
mental animals and in humans has been observed by 
several workers (1-5) and has been primarily respon- 
sible for the suggestion that aspirin's activity is not 
due to conversion to salicylic acid (6-8). 


Although this suggestion was first made more than 
50 years ago, there have been no attempts to resolve 
the question of whether aspirin is analgesic in its own 
right by using comparative analgesic studies of iso- 
steric structural modifications. This seems especially 
significant in that isosteric substitution of -CH2- 
or -NH- for the phenoxy oxygen in aspirin would 
result in compounds stable or less susceptible to hy- 
drolysis, which has been a major problem in assessing 
the relative effects of aspirin and salicylic acid on the 
biological system. Such studies might provide indica- 
tions of the structural requirements for analgesic ac- 
tivity and information concerning the mechanism by 
which the salicylates exert their pharmacological ef- 
fects. 


Perhaps one reason that such studies were not car- 
ried out was the lack of reliable bioassay procedures 
for testing nonnarcotic analgesics. Aspirin and sali- 
cylic acid show activity as antinociceptive agents in 
many tests (9). However, most of them require high 
doses of salicylate to produce a minimal effect, are 
not clearly definitive, or are unreliable. 


Guzman et al. (3) introduced a method that em- 
ploys intraarterial injections of bradykinin in dogs, 
producing vocalization and other autonomic and be- 
havioral reactions, to assess the activity of nonnarco- 
tic and narcotic analgesics. In animals that respond, 
this method is superior to other analgesic tests if one 
considers overall reliability, sensitivity, and defini- 
tiveness. This method was later adapted to rats, and 
similar results were found (10). However, while Guz- 


man e t  al. (3) used primarily the vocalization as the 
index to the pain response after the bradykinin injec- 
tions in dogs, the latter workers described struggling, 
dextrorotation of the head, and occasional vocaliza- 
tion as indexes. 


The effects of intraarterial injections of bradykinin 
into rats were used in this study to assess the analge- 
sic activities of several phenoxy-substituted isosteric 
pairs of salicylic and acetylsalicylic acids. The anal- 
gesic effects of the following pairs were studied: 
acetylsalicylic acid (I) and salicylic acid (11), N-ace- 
tylanthranilic acid (111) and anthranilic: acid (IV), 
acetylthiosalicylic acid (V) and thiosalicylic acid 
(VI), and 2-acetonylbenzoic acid (VII) and 2-methyl- 
benzoic acid (VIII). 


EXPERIMENTAL 


Reagents-The following were used: thiosalicylic acid' (mp 
163-165'), N-acetylanthranilic acid' (mp 184.5-18'7'), acetylsali- 
cylic acid2 (ACS reagent, spectrophotometrically pure), homo- 
phthalic acid anhydride2 (mp 139-141°), salicylic acid3, chloro- 
form* (technical), anthranilic acid5, pyridine6 (reagent grade), 2- 
methylbenzoic (o- toluic) acid7, and sterile sodium chloride injec- 
tions USP (0.0009 gfml). All other chemicals were reagent grade. 


Purification Procedures-Thiosalicylic acid was recrystallized 
from ethanol and water as described in the literature (11). Pyri- 
dine was dried, distilled, and stored over sodium hydroxide pellets 
(12). Chloroform was purified, dried, and distilled (1.3). The distil- 
late was used immediately. 


Synthesis of Acetylthiosalicylic Acid-This compound was 
prepared using the method of Hinsberg (14). The crude product 
was dried over phosphorus pentoxide a t  room temperature under 
vacuum. The dried product was recrystallized several times from 
benzene until needles melting a t  125O were obtained 


Synthesis of 2-Acetonylbenzoic Acid-This compound was 
prepared using the methods described by Schnekenburger (15,16). 
These methods involve acetylation of homophthalic acid anhy- 
dride to obtain the 4-acetylhomophthalic acid anhydride, followed 
by alkaline hydrolysis with simultaneous decarbox ylation of the 
product to 2-acetonylbenzoic acid (15). Colorless needles with the 
melting point of 2-acetonylbenzoic acid (122O), as described by 
Schnekenburger (16). were obtained. 


Restraining Cage-For the measurement of analgesic activity, 
a restraining cage was designed in which the reactions of the ani- 
mal to intraarterial injections of bradykinin could bt? observed and 
intraperitoneal injections of the test drug could be made (Fig. 1). 
The overall length of this cage was 20.3 cm (8 in.), and the distance 
between vertical supports was 7.6 cm (3 in.). The openings in the 
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City Chemical Corp., New York, N.Y. 
Baker analyzed reagent, J. T. Baker Chemical Co., Phillipsburg, N.J. 
J. T. Baker Chemical Co.. Philliosbure. N.J. 
Raker grade, .J. T. Baker Chemical Co ,  Phillipsburg, N.J. 


fi Eastman Organic Chemicals, Distillation Products Industries, Roches- 


I Eastman grade, Eastman Organic Chemicals, Distillation Products In- 


* Provided by the University of California Hospital Pharmacy, San Fran- 
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front and rear supports were holes with a depth of 3.7 cm (1.47 in.) 
and a width of 4.4 cm (1.75 in.). The top was removable; once the 
animal was positioned, the top was secured with wingnuts to hold 
the rat firmly but comfortably (Fig. 2). This cage was found to be 
suitable for these experiments. 


Measurement of Analgesic Activity-Male Sprague-Dawley 
or Wistar rats were used in all experiments. A modification of the 
procedure of Deffenu et al. (10) was used in the testing of the anal- 
gesic activity of the various isosteric pairs. The rats, 230-320 g, 
were anesthetized with ether in an open mask and the right com- 
mon carotid artery was catheterized, using a catheter consisting of 
two fused lengths of heparinized polyethylene tubing with inside 
diameters of 0.58 (PE 50) and 0.28 (PE 10) mm. 


The catheter was inserted centripetally, passing through the 
subcutaneous tissues so that the portion of the tubing with the 
smaller diameter was inserted into the artery while that with the 
larger diameter protruded from the top of the head. After the tub- 
ing was anchored and the incision was closed, the tubing was 
opened to check blood flow, filled with heparin (40 unitdm1 in 
sterile saline injection USP), shortened so that the rat could not 
reach it, and plugged with a metal plug. At  least 24 hr was allowed 
for each rat to recover prior to testing. 


Rats were placed in the cages, and polyethylene 50 tubing exten- 
sions were attached to the projecting catheter U ~ Q  a hollow metal 
tube prepared from a length of No. 23 hypodermic needle. The 
tubing was taped to the top of the cage so that the animal would be 
unaware of the experimenter’s handling of the distant end. Then 
0.2 ml of normal saline was injected very slowly from the carotid 
artery, and no reaction of the animal was observed. This was fol- 
lowed by an injection of 0.5 fig of bradykinin in 0.2 ml of normal 
saline to determine if the animal was responsive to bradykinin. In 
about 99% of the rats, vigorous struggling and dextrorotation of 
the head were observed. Rats that were unresponsive to this dose 
of bradykinin were not used further. The sodium salt of the drug 
to be tested was injected intraperitoneally in normal saline. The 
volume of the injection was 0.25 m1/100 g or the smallest volume 
that could completely dissolve the salt. 


Ten minutes after the injection of the drug, the animals were 
challenged with another 0.5-fig dose of bradykinin, preceded by a 
normal saline injection, and the animals’ responses were carefully 
watched. The same procedure was repeated at  10-min intervals 
until the bradykinin effect reappeared. 


If no effect was seen with a dose level of 1000 mg/kg for a partic- 
ular drug, intraarterial studies with a dose level of 100 mg/kg were 
made. The intraarterial injections of the drugs were made in nor- 
mal saline (0.5 ml/rat) U ~ Q  the same catheter used for the bradyki- 
nin injection. Otherwise, the procedure was the same as for the in- 
traperitoneal injections. 


Figure 1-Rat cage. 


The criterion chosen for evaluating protection was the disap- 
pearance of the bradykinin effect after two consecutive doses of 
bradykinin. The doses of drugs that showed no protection after 
five consecutive doses of bradykinin were assumed to be nonanal- 
gesic in these studies. Each rat received one drug at  one dose level, 
and five rats were used for each dose level. If a drug was found to 
be toxic, the LDm was determined. 


The ED50 and LDm values were obtained using Thompson’s 
method (17) of interpolation between moving averages. 


RESULTS AND DISCUSSION 


A summary of the data obtained in these experiments is con- 
tained in Table I, including the responses of the groups of rats to 
various doses of the drugs tested. Salicylic and acetylsalicylic acids 
showed clearcut analgesic activity oersus bradykinin injections, in- 
traperitoneally. Acetylsalicylic acid showed analgesic activity a t  a 
much lower dose level when intraarterial injections of the drug 
were made. 


It is difficult to interpret the results obtained with N-acetylan- 
thranilic and anthranilic acids. Both of the drugs seemed to afford 
protection uersus bradykinin injections at  lower dose levels intra- 
peritoneally. However, a t  higher intraperitoneal dose levels and at  
a dose level of 100 mg/kg intraarterially, no analgesic activity was 
demonstrated. No other analgesic drugs demonstrating such 
anomalous behavior have been described. It is assumed that these 
two compounds have no analgesic activity as indicated in Table 11, 
where the EDm values for compounds showing analgesic activity 
and the LDm values for compounds found to be toxic are reported. 


Both Tables I and I1 show the toxicity of acetylthiosalicylic and 
thiosalicylic acids, the nonacetylated compound being more toxic. 
This toxicity was characterized by severe tremors and hyperventi- 
lation followed by a violent struggle just before death. All animals 
thus affected died within 50 min, and rigor mortis set in rapidly. 


Figure 2-Rat cage with rat. 
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Table I-Effects of the Injection of Various Salicylate 
Isosteres versus Intraarterial Injections 
of Bradykinin in Rats 


Table II-LDso and EDso Values for Acetylsalicylic and 
Salicylic Acid Isosteres versus Intraarterial Injections of  
Bradykinin in Rats 


Number 
N U -  Protected 
ber of Dose of versus Num- 
Rats Drug. Brady- ber of 


Drug  Tested mg/kg Route” kinin Deaths 


Intra-  Intra- 
peritoneal arteri- 


LDs0, EDso, ED5o, a], Confidence 95 % 


Compound mg/kg mg/kg mg/kg Limits 


Acetyl- 
salicylic 
acid 


Salicylic 
acid 


N-Acetyl- 
anthranilic 
acid 


Anthranilic 
acid 


Acetylthio- 
salicylic 
acid 


Thio- 
salicylic 
acid 


2-Acetonyl- 
benzoic 
acid 


2-Methyl- 
benzoic 


5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 


31.6 
46.4 
68 .1  


100 .o 
10 .o 
68.1 


100 .o 
147 .O 
215 .O 
100 .o 
215 .O  
464 .O 


1000.0 
100 .o 
100 .o 
215 .O 
464 .O 


1000.0 
100 .o 
147 .O 
215 .O  
316 .O  
464 . O  
100 .o 
147 .O 
215 .O 
316.0 
100 .o 
464 .O 


1000.0 
100 .o 
100.0 
464 .O  


1000 .o 
100 .o 


1 
1 
2 
5 
4 
1 
2 
2 
5 
2 
1 
2 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
4 
5 
0 
3 
4 
5 
0 
0 
0 
0 
0 
0 
0 
0 


ip = intraperitoneal, and ia = intraarterial. See discussion. 


In contrast to other methods, the bradykinin injection causes no 
injury and shows that the receptors for pain are chemosensitive 
(18). The sensitivity and reliability of this method are indicated by 
the fact that one could show the difference in potency of acetylsali- 
cylic acid and salicylic acid (Table 11). The procedure of injecting 
normal saline prior to injecting bradykinin allows one to compare 
the effects of nonstimulating and stimulating agents and, there- 
fore, increases the sensitivity of the test. 


The concept of isosterism has undergone several changes since 
its introduction in 1919. The term “isosteres” was first applied by 
Langmuir (19) to designate two molecules or ions having identical 
number and arrangement of electrons. Hinsberg (20) recognized 
even earlier that certain groups such as sulfur, viylene, and triva- 
lent carbon and nitrogen could be interchanged in the aromatic 
ring without appreciably altering physical and chemical properties. 
Hinsberg’s designation of such groups was “ring equivalents.” 
Huckel (21) included other types of inorganic and organic groups 
under the equivalent designation, equating methyl, methylene, 
and methyne to -F, -N-, and -0-, respectively. 


Grimm (22, 23) applied the term “pseudoatom” to groups such 
as -NH2 and -OH since, in his opinion, addition of a proton 
(H+) to the oxide ion results in the addition of a proton to the 
outer shell where it reaches equilibrium at  or in the outer shell, 
and the result is thus a pseudo-F- or the hydroxide ion. However, 
unlike the ring equivalents of Hinsberg, chemical properties of 
compounds obtained using the “hydride displacement law” might 
appear wholly different but may be similar in some physical prop- 
erties. 


Erlenmeyer (24) included both Grimm’s concept of pseudoatoms 
and all elements of a particular group of the periodic table in his 
concept of isosteres, redefining the isosteres as “atoms, ions, or 


Acetylsalicylic acid - 64.9 - 47.9-88.00 
Salicylic acid - 
N-Acetylanthranilic - 1000 100 


Anthranilic acid - 1000 100 - 
Acetylthiosalicylic acid 224 - - 176-285 


2-Acetonylbenzoic acid - 1000 100 - 
2-Methylbenzoic acid - 1000 100 - 


- 84.1-226 
- 


138 


acid 


Thiosalicylic acid 153 - - 120-194 


molecules in which the peripheral layers of electrons can be con- 
sidered identical.” Erlenmeyer was also one of the first to apply 
the isosteric principle to biological problems (25,26). 


Since the development of more sophisticated met hods of treat- 
ing atoms and molecules (e.g., quantum mechanic:;), it is recog- 
nized that the concept of isosterism disregards some important 
factors such as size, shape, polarity, and hybridization, and the 
concept is of little theoretical importance to the pure chemist be- 
cause of the unpredictability of its application. However, i t  has 
great value for the medicinal chemist, since biologica 1 properties of 
isosteres are more similar than their physical or chemical proper- 
ties. 


Since isosteres often have similar biological properties, Fried- 
man (27) introduced the term hioisosterism to apply to compounds 
“which fit the broadest definition of isosteres and have the same 
type of biological activity.” He included under this term isosteres 
with antagonistic activities, since these compounds may be acting 
by a similar mechanism. The broadest definition 01‘ the term iso- 
stere would, of course, include the ring equivalents of Hinsberg, 
the isosteres of Langmuir, the equivalents of Huckel. and the pseu- 
doatoms of Grimm, all of which have been found to have utility in 
the search for more desirable, biologically active compounds. 
Thus, Erlenmeyer found that the isosteres p-aminodiphenylam- 
ine, p-aminodiphenylmethane, and p-aminodiphenyl ether all 
show similar antigen activity. Halogen isosteres of the antihista- 
mine, tripelennamine, show greater antihistaminic activity when F 
and C1 are substituted for one aromatic hydrogen in the parent 
compound (28). Several other examples of the utility of the con- 
cept of isosterism in medicinal chemistry can be found in the liter- 
ature (27,29). 


It is unusual that none of the isosteres was effective in produc- 
ing analgesia, especially since most of the groups arc? closely relat- 
ed in size. Apparently, the receptors are very sensitive to the elec- 
tronic and steric configurations of acetylsalicylic and salicylic 
acids. However, it has been demonstrated again thai, the analgesic 
activity of acetylsalicylic acid is more than twofold greater than 
that of salicylic acid. 
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Fluorocarbon Aerosol Propellants IV: Pharmacokinetics of 
Trichloromonofluoromethane following Single and 
Multiple Dosing in Dogs 


SARFARAZ NIAZI and WIN L. CHIOU 


Abstract 0 An intravenous dosage form of trichloromonofluo- 
romethane, a common aerosol propellant, was formulated in poly- 
ethylene glycol 400 for single and multiple dosing to  unanesthe- 
tized dogs. A three-compartment open model was proposed for dis- 
position of this compound in dogs with average half-lives of 3.2, 16, 
and 93 min for three disposition phases. This finding is contrary to  
several reports where blood levels were monitored for shorter peri- 
ods. A computer analysis of tissue compartment distribution fol- 
lowing a single dose showed that about 2 hr was required to  
achieve pseudodistribution equilibration, following which more 
than 90% of the dose remaining in the body was retained in tissue 
compartments. Pulmonary clearance and volumes of distribution 
were calculated considering first-pass effect through the lung. The 
volume of distribution was approximately six times the body 
weight in terms of blood concentrations, and about 30% of the pro- 


pellant was cleared from blood passing through the lung in each 
cycle. Disposition of propellant followed dose-independent kinet- 
ics after multiple dosing, and accumulation in tissues continued 
for a much longer period, resulting in high tissue compartment lev- 
els. 


Keyphrases Trichloromonofluoromethane-pharmacokinetics 
following single and multiple dosing, dogs Fluorocarbon aerosol 
propellants-pharmacokinetics of trichloromonofluoromethane 
following single and multiple dosing, dogs Aerosols-pharma- 
cokinetics of trichloromonofluoromethane following single and 
multiple dosing, dogs 0 Propellants-pharmacokinetics of trichlo- 
romonofluoromethane following single and multiple dosing, dogs 
Pharmacokinetics-trichloromonofluoromethane, single and 


multiple doses, dogs 


The volatile fluorocarbons have been widely used 
as aerosol propellants in commercial aerosol packages 
in this country. Although these compounds have 
been generally considered nontoxic and inert, several 
studies (1-3) have claimed that a variable degree of 
cardiac damage can be caused following their inhala- 
tion. An often used argument in favor of low toxicity 
of fluorocarbons is that these compounds are not ab- 
sorbed to any significant extent when inhaled from a 
commercial aerosol product and that the small frac- 
tion absorbed is eliminated very fast from the body, 
decreasing the possibility of any toxic reaction (4-6). 


Unfortunately, the conclusions drawn from most pre- 
vious studies monitoring blood levels of fluorocar- 
bons following their inhalation from commercial 
aerosol products were not based on sound phar- 
macokinetic principles and do not reflect the true 
disposition pattern of these compounds as was re- 
cently discussed (7). 


The objective of the study reported here was to 
demonstrate that, contrary to the established belief, 
trichloromonofluoromethane, one of the most com- 
monly used fluorocarbon propellants, has a longer bi- 
ological half-life than previously thought and under- 
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These findings suggest that the presence of the naphtholic OH 
group, as in I, is still necessary for biological activity within this 
group. Apparently, due to the possibility of chelation with the cat- 
ions necessary for the metabolic functions of the parasite, the oxy- 
gen of this group and the nitrogen of the neighboring side chain 
may contribute in the cation complex formation. 


REFERENCES 


(1) I. Nabih, M. Nasr, and M. A. Badawi, J .  Pharrn. Sci., 61, 


(2) I. Nabih, Erperientia, 27,1114(1972). 
(3) W. B. Wendel, Fed. Proc., 5,406(1949). 


1500(1972). 


(4) G. Schraeter, Ann., 426,19(1922). 
(5) T. Osdene, P. Russel, and L. Rene, 2. Med. Chem., 10, 


431 (1967). 


ACKNOWLEDGMENTS AND ADDRESSES 


hce ived  April 26, 1974, from the National Research Center, 


Accepted for publication September 13,1974. 
The authors thank Prof. Dr. R. Gonnert and Dr. Haberkorn, 


Farbenfabriken Bayer A.G., West Germany, for their help. 
To whom inquiries should be directed. Present address: Medi- 


cinska Nobel Institutet, Karolinska Institutet, Laboratory of En- 
zyme Research, Solnavagen 1, Stockholm, Sweden. 


Dokki, Cairo, Egypt. 


Synthesis and Biological Properties of 
Alkyl Esters of Polyene Antibiotics 


T. BRUZZESEx, M. CAMBIERI, and F. RECUSANI 


Abstract Several new alkyl esters of polyene antibiotics were 
prepared by an improved general procedure, and their toxicity and 
microbiological activity were tested. Some of these alkyl esters 
were more active than the nonesterified polyenes against Candida 
albicans but were less effective than the known methyl esters. 
Their toxicity was much less than that of the parent compounds. 


Keyphrases Polyene antibiotics, alkyl esters-synthesis, anti- 
fungal activity Antifungal agents-synthesis and testing of alkyl 
esters of polyene antibiotics 


The first attempt to reduce the toxicity of the 
macrolidic polyenes consisted of reacting the amino 
groups to give the corresponding N-acyl derivatives 
(1, 2), but these compounds were shown to be less ac- 
tive than the original antibiotics so chemotherapeutic 
employment was out of the question. 


Since most natural polyenes have amphoteric char- 
acteristics, a new approach blocking the carboxyl 
group was developed and the first derivative, partri- 
cin methyl ester, was more active and less toxic than 
the parent antibiotic (3, 4). The methyl esters of 
other polyenes also gave good results (5,6). 


To continue this research, some homologous alkyl 
esters were prepared to determine whether other fac- 
tors, such as the structure of the substituent group, 
could influence the biological activity of these poly- 
ene derivatives. The compounds were prepared by al- 
lowing the natural polyene to react with excess dia- 
zoalkane in the presence of ammonium hydroxide or 
other organic bases; surprisingly, the polyenes 
formed fewer by-products and thus biologically more 
active esters when in a basic medium. 


The esterification of the carboxyl was confirmed 
by IR and NMR spectra, while TLC (Table I) on sili- 
ca gel confirmed the quality of the products. 


The polyepe esters are pale-yellow to dark-yellow 
solids, which are practically insoluble in water, alkali, 


and the usual organic solvents and are very soluble in 
dimethyl sulfoxide, 2-methoxyethanol', and pyridine. 
The UV spectra show the typical absorbance pat- 
terns of the initial heptaenes and tetraenes (7). 


All compounds were tested for their antifungal ac- 
tivity and acute toxicity in mice (LD50); the results 
are reported in Table I in comparison with the parent 
substances and the known methyl esters. Since par- 
tricin is also active against protozoa, its esters were 
tested for their antitrichomonal activity in a prelimi- 
nary manner. 


EXPERIMENTAL 


General Procedure of Synthesis-Concentrated ammonium 
hydroxide (0.5 ml) and then a 1.5% solution of diazoalkane in ether 
(10 ml) were added dropwise with stirring to a solution of polyene 
antibiotic (1 g) in dimethyl sulfoxide (20 ml). The mixture was 
kept a t  room temperature for 3 hr, and then ether (200 ml) was 
added to give a pasty solid. The precipitate was treated with ace- 
tone-ether, giving a high yield of the required ester. 


TLC-TLC was carried out on silica gel2 60 F ~ M ,  using butanol- 
ethanol-acetone-32% ammonium hydroxide (2:5:1:3) as eluent and 
detecting the spots by exposure to UV light. 


Antifungal Activity-The compounds were tested against 
Candida albicans, strain 2003. The test strain was cultured in Sab- 
ouraud medium4 for 18 hr at 36O and diluted to 10% transmittance 
a t  580 nm. Then about 0.15 ml of the diluted test strain was inocu- 
lated in 100 ml of Sabouraud medium so that the final test tubes 
contained lo6 cells. 


The substances were dissolved in dimethyl sulfoxide and serially 
diluted with sterile distilled water; 0.5 ml of each dilution was 
added to 4.5 ml of the inoculated broth, and all tubes were incu- 
bated for 24 hr a t  36O. The results are reported as the minimum in- 
hibitory concentration (MIC), i.e., the lowest concentration of 
polyene antibiotic a t  which no visible growth was observed. 


Acute Toxicity-The approximate LD50 was determined in 
groups of five female Swiss mice, 20-24 g. The compounds were 


' Methyl cellosolve. 
Merck. 
Societb Prodotti Antibiotici collection 
Difcco. 
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Table I-Alkyl Esters of Polyene Antibiotics 


Compounds 


Approximate LD,, (Mice) 
MIC, Mg/mln 


R /  (C. albicans) mg/kg ipb mg,/kg ivr 


Pa r t r i c in  
Par t r ic in  me thy l  ester 
Pa r t r i c in  ethyl ester 
Partricin propyl ester 
Pa r t r i c in  butyl ester 
Amphoter ic in  B 
Amphoter ic in  B methyl ester 
Amphoter ic in  B ethyl ester 
Amphotericin B propyl ester 
Amphoter ic in  B bu ty l  ester 
Candicidin 
Candicidin methyl ester 
Candicidin ethyl ester 
Candicidin propyl  ester 
Candicidin bu ty l  ester 
Nystatin 
N y s t a t i n  methyl ester 
N y s t a t i n  e thy l  ester 
Nystatin propyl ester 
N y s t a t i n  butyl ester 


0 .51  
0.84 
0 .88  
0.90 
0.92 
0 .41  
0.79 
0.82 
0.84 
0.87 
0.55 
0.86 
0 .89  
0.92 
0.92 
0.42 
0.77 
0 .79  
0.80 
0 .81  


0.  125d 
0.015 (0.062)j 
0.015 (0.062) 


0.031 
0.062 
0.125 


0.062 (0.125) 
0.125-0.250 


0.250 
0.250-0.500 


0.062 
0.062 


0.125 (0.500) 
0.125 
0.250 


1 
1 


2-4 
4 (4) 
8 


< 5 e  
2009 
100 
200 


>200 
- 
- 
- 
- 
- 


5 
75 


200 
50 


100 
150 


>200 
>200 
>200 
>200 


~~ 


a Values in parentheses refer to samples obtained in neutral medium. * Suspended in 0.5% carboxymethylcellulose. Solubilized with sodium deoxychdnte 
(1 :l). Lit. (8) MIC 0.2 gg/ml. e Lit. (8) LDoo0.6 mg/kg. I Lit. (4) MIC 0.05 pg/ml. @ Lit. (4) LD6a 200 mg/kg. 


administered intraperitoneally (0.5% carboxymethylcellulose sus- 
pension, 20 ml/kg), except for amphotericin and its esters which 
had low toxicity in suspension (LD5o > 1000 mg/kg) and were test- 
ed intravenously after solubilization with sodium deoxycholate (I: 
1). Deaths were recorded after 7 days. 


RESULTS AND DISCUSSION 


The results indicate that all of the esters are antifungal and that 
some may be more active than the parent compounds. Neverthe- 
less, the lengthening of the aliphatic chain in the ester group 
(methyl to butyl) produced a gradual decrease in activity. 


On the whole, the highest increases in activity were obtained by 
esterifying the heptaenes, while the most active derivative (methyl 
ester) of the tetraene nystatin was only as potent as the natural 
product. 


The best results in the heptaenes were provided by amphoteri- 
cin (the activity of its methyl ester was doubled) and particularly 
by partricin. The methyl and ethyl esters of partricin were the 
most active, their MIC value against C. albicans being around 
0.015 p g h l  and thus eightfold more active than the nonesterified 
product (MIC 0.125 pg/ml). In spite of the usual decrease in activi- 
ty, the butyl ester also maintained a practically doubled activity. 


The acute toxicity in mice by the intraperitoneal or intravenous 
route appeared to be considerably reduced with all alkyl esters, 
and there were no marked differences within each series of esters 
up to the maximum doses tested. 


Any antitrichomonal activity possessed by the natural antibiotic 
(partricin MIC 0.25 pg/ml) seemed to be maintained (although 
slightly reduced) after esterification. No sensitive variation was 
seen in the series of the homologous esters that  showed MIC values 
around 0.5-2 pg/ml. 


To conclude, the blocking of the carboxyl of the amphoteric 
polyene antibiotics by alkyl esterification appears to diminish the 
toxicity while at the same time maintaining the microbiological ac- 
tivity. However, lengthening the dkyl  chain provides less active es- 
ters. 
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CO&lMI/’NICA T I O N S  


Mathematical Formulation for 
Nonuniform Multiple Dosing 


Keyphrases o Pharmacokinetics-mathematical derivation of 
nonuniform multiple-dosing equation 0 Multiple dosing, nonuni- 
form-mathematical derivation of pharmacokinetic equation 


To the Editor: 
Consider a three-compartment model with all pos- 


sible arrows between compartments and an “out” 
arrow from each compartment. Let kij, in inverse 
time units, represent a transfer rate constant from 
compartment i to compartment j ,  and let kio repre- 
sent the out transfer from compartment i to the out- 
side. Now if x i  is the amount of substance in com- 
partment i, the law of mass action and the hypothesis 
of simple diffusion lead to the set of differential 
equations, written in matrix form, where x = dx/dt: 


Here, k l  = h10 + k12 + h13,  k2 = k2l + k2g + k23,  
and h3 = h31 + k 3 2  + k30. 


Let the initial conditions be x10, x20, and x30.  Also 
let the 3 by 3 array of k values of Eq. 1 be represent- 
ed by capital K, and let bold face denote a vector. 
Then Eq. 1 can be written as: 


x = K x  (Eq. 2) 


with initial condition vector xg. 
The structure of the matrix K is evident. There are 


minus signs on the diagonal elements. The ith diago- 
nal element is the negative sum of all the out arrows 
from compartment i or, in other words, the negative 
sum of all k values in column i and the out k from 
compartment i. Aside from the diagonal elements, 
the pattern of subscripts in the matrix K is evident. 
For example, for n compartments, we have: 


where the diagonal elements are formed as described 
previously. In the case where some arrows in a partic- 
ular model are known not to exist, the corresponding 
k values above are set to zero. 


Now consider the use of these differential equa- 
tions and the equivalent compartmental model to 
simulate drug transport in pharmacokinetic studies. 
Suppose that we want to simulate a multiple-dose 
regimen, where each dose is specified as to the 
amount of drug given and the time administered. 


Niebergall et al. (1) stated that “no equation de- 
veloped to date allows the drug to be administered a t  


varying time intervals.” The following development 
produces such an equation. We must first explain 
some of the mathematical equipment used. Let 6 ( t  - 
a )  denote the Dirac delta function, which can be de- 
scribed as a rectangle of infinite height, infinitesimal 
width, and area 1. More precisely, let: 


(0 otherwise 


Then: 
lim F ,  = &t - a )  (Es. 5) 
,, - 0  


Heaviside’s unit step function is defined as: 


(Eq. 6 )  


which can be described as a step of height 1 located 
at t = a. Standard Laplace transform tables give: 


L H t )  = 1 (Eq. 7 )  
(Eq. 8) L6( t  - a )  = exp(-as)  


L U ( t )  = l / s  (Es. 9) 
LU(t - a )  = [exp(-as)]/s (Eq. 10) 


L F ( t  - a ) U ( t  - a )  = [exp ( -as ) ] f ( s )  (Eq. 11) 


Pipes (2) showed that ordinary Laplace transform 
pairs have their matrix analogs. For example, if a is a 
scalar: 


L exp(a t )  = ( s  - a)-,  (Eq. 12) 


but if A is a square matrix, then: 


and: 
exp(At )  = (I + At + A ’ t 2 / 2 !  + ... ) (Eq. 13) 


L e x p ( A t )  = ( s l  - A)-, (Eq. 14) 


where I is the identity matrix with ones on the diago- 
nal and zeros elsewhere. The superscript denotes ma- 
trix inverse. 


A simple example will aid in understanding the fol- 
lowing mathematical development. Consider a one- 
compartment open model representing the central or 
“blood” compartment with an output rate constant 
k, with one dose injected ‘ L i n ~ t a n t a n e ~ ~ ~ l y ”  at time t 
= to and another dose similarly administered at  time 
t = t l .  


The differential equation for this model can be 
written as: 


s = - k x  + d ( t  - ti) (Eq. 1 . k )  


x(0) = XI) = 1 (Eq. 15b) 


Taking the Laplace transform of both sides, we get: 


SLX - xo = -kLx + exp(-t,s)  (Eq. 16) 


Solving for Lx, we get: 
LX = ( s  + h)-’xo + (s + h)-’exp(-t,s)  (Eq. 17) 


Taking the inverse Laplace transform, we get: 


Y = exp ( - k t ) x ,  + exp[-k(t - t , )]U(t  - t , )  (Eq. 18) 
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(Eq. 24)  


The matrix exponential function, exp (K t ) ,  can be 
calculated directly from its defining expansion given 
in Eq. 13. Some timesaving shortcuts were given by 
Pipes and Hovanessian (3). 


As an example, let: 


-10. 0. 0. 
K = ( 1; -: :I) xo = t) (Eq. 25) 


representing Scheme I. 


I Compart m w  Compartment 2 Compa rt men t 3 I 
= 10. - L  


Scheme I 


Let a1 = .3, t l  = .4, a2 = .2, and t 2  = .6. Calculate 
x at  t = 1 by substituting these values in Eq. 23 to 
get: 


x(1) = ,4087 ,3679 0. 0. .6070 .5488 0. .O + 
,5913 6321 L 0. .3905 .4512 1. 


(.7244 .6703 


O l e )  = 


(,0000 ,0000 O.)(l.) + (.0025 .oooO O.)(:) 


,0183 .oooo 0. 


,2572 3297 1. (2) + (:%) + (g) = (E)  (Eq. 26) 


where a computer program is used to evaluate the 
matrix exponential functions by Eq. 13. 


To link the solution x = exp (Kt)xo of Eq. 2 to its 
solution in terms of scalar exponentials, use known 
matrix theory (see, for example, Ref. 4). 


Let A be the diagonal matrix of eigenvalues XI, Xp, 


. . . , A,, of K, and let D be a diagonal matrix with di- 
agonal elements exp ( X l t ) ,  exp ( X z t ) ,  . . . , exp (Ant). 
Hearon (5) proved that these eigenvalues are all real 
and nonpositive when Eq. 2 describes a linear com- 


0 0.2 0.4 0.6 0.8 1.0 
TIME 


Figure 1-Dose fraction in Compartment 1 as a function of 
time. 


This solution can also be written as: 
x = exp[--k(t - O)]U(t - 0) + exp[-h(t - t , )]U(t  - t , )  


(Eq. 19) 


which suggests the use of a summation notation for 
multiple injections. 


Consider a three-compartment model as above 
with multiple-dose amounts ai at  time t i  delivered 
into Compartment 1. For simplicity, let i = 1 and 2, 
so that the differential equations, in matrix notation, 
are: 


(Eq. 20) 


with a vector xo of initial conditions, where 6 denotes 
‘the Dirac delta function. Taking Laplace transforms, 
we get: 


a, exp ( 4 , s )  


) ( 0 


s L x - & ) = m x + (  ; ) + (  : ) 


( : ) +  


( : ) +  


a ,  &t - t , )  + a,6(t - tz) 


0 x = K x +  


a,  exp ( - tA  


(Eq. 21) 


Collecting terms and solving for Lx, we get: 


a, exp ( 4 , s )  


Lx = ( s l  - K)- ’x ,  + (sZ - K)-’ 


a2 exp (-t@) 
( s l  - K ) - (  ; ) (Eq. 22) 


Taking the inverse Laplace transform, we get: 


a,U(t - t,) 
x = exp(Kt)x, + exp[K(t - t , )]  


a,U(t - t2 )  
exp[K(t - t2)](  ) (h. ‘23) 


where U denotes the Heaviside unit step function. 
When there are n compartments with m multiple 
doses, we have: 


0 0.2 0.4 0.6 0.8 1.0 
TIME 


Figure 2-Dose fraction in Compartment 2 as a function of 
time. 
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where the prime denotes the vector transpose. Then: 
x(5T) = Gx*(4T) (El. 35) 


With this approach, i t  is clear that we can write easily 
the equations for nonuniform multiple dosing into 
each compartment, so that in general we have: 


x[ (n  + 1)T] = Gx*(nT) (Es. 36) 
As a check, we used the Continuous System Mod- 


eling Program (6) to integrate Eq. 20 numerically 
with the arguments of the example. The output plots 
are shown in Figs. 1-3. Plots of the solution of Eq. 20 
can also be obtained by use of an analog computer, 
provided that one has a multiple-dose generator as 
described by Howell (7). 


(1) P. J. Niebergall, E. G. Sugita, and R. L. Schnaare, J.  Pharm. 


0 0.2 0.4 0.6 0.8 1.0 
TIME 


Figure 3-Dose fraction i n  Compartment 3 as a function of 
time. 


partment model, even though K is nonsymmetric. 
Let pi be the real eigenvector of K associated with Xi, 
where P = (PI, p2, . . . , p,) and P-’ is the inverse of 
P. Then the solution of Eq. 2 can be written: 


x = P D P - ~ x ~ ,  = x b , p ,  exp ( X , t )  (Eq. 27) 


where b = P-lxo. Thus, Eq. 24 can be written in 
terms of scalar exponentials, but the notation is cum- 
bersome. 


To evaluate x for plotting, let G = exp (KT), 
where T is a sufficiently small increment of time, say 
0.1 in this example. Calculate G once and for all by 
using Eq. 13 to get: 


,-I  


.3679 .oooO 0. 
G = ( ,5966 ,9048 0. ) (Eq.28) 


.0355 .0952 1. 


or by using the eigenvalues of K: 
-10. 0. 0. 


A = ( -:, ::) (Eq. 29) 


and the eigenvectors of K: 


p = ( -11111 Loooo ::) (Eq. 30) 
01111 -L 1. 


in Eq. 27. Thus, a t  time t = T ,  we have: 


x ( T )  = Gx,  (Eq. 31) 


At t = 2T, we have: 


x(2T) = Gx(T) (Eq. 32) 


the interpretation being that x(T) itself is a new set 
of initial conditions to use in calculating x(2T). Thus: 


x(3T)  = Gx(2T)  (El. 33) 
which gives the values of x a t  t = 0.3 in the example. 
Now, similarly calculate x(4T), which gives the 
values of x a t  t = 0.4 but just before the first mainte- 
nance dose is given. Now let an asterisk denote the 
values of x immediately after the first maintenance 
dose is given. Then clearly: 


xY4T)  = x ( 4 T )  + (3, .o, .oy (Eq. 34) 


Sci., 63,100(1974). 
(2) L. A. PiDes. J .  Franklin Inst..  285.436(1968). . .  
(3) L. A. PGes‘and S. A. Hovanessian, “Matrix-computer Meth- 


(4) B. Noble, “Applied Linear Algebra,” Prentice-Hall, Engle- 


(5) J. Z. Hearon, Bull. Math. Biophys., 15,121(1953). 
(6) International Business Machines Corp., Manual No. GH- 


(7) J. R. Howell, Simulation, 22.93 (Mar. 1974). 


ods in Engineering,” Wiley, New York, N.Y., 1969, p. 206. 


wood Cliffs, N.J., 1969, p. 367. 


20-0367-4, White Plains, N.Y., Jan. 1972. 


J .  R. Howell 
Virginia Commonwealth University 
Medical College of Virginia 
Richmond, VA 23298 


Received April 26,1974. 
Accepted for publication November 29,1974. 


Quantitation, Elimination, and Discussion of 
Decomposition Product Interference in 
N-  Acetyl-p -aminophenol Colorimetry 


Keyphrases ’0 N-Acetyl-p-aminophenol-direct colorimetric 
analysis, decomposition product interference examined Colori- 
metry-analysis, N-acetyl-p -aminophenol, ’ degradation product 
interference examined 


To the Editor: 


Direct colorimetric assay of N-acetyl-p-aminophe- 
no1 (I) has been effected by reaction of I with nitrous 
acid under mild conditions to form 2-nitro-4-acetam- 
idophenol. This reaction was elucidated by Le Per- 
driel et al. (I), who measured the orange-red color of 
the phenolate ion; Inamdar and Kaji (2), working 
separately, assayed using the yellow of the unionized 
phenol. 


Chafetz et al. ( 3 )  compared these methods with 
their modified technique employing an entirely aque- 
ous system. Because these methods require only the 
successive addition of reagents, Daly et al. (4) adapt- 
ed the latter technique to an automated assay appa- 
ratus, resulting in excellent recovery data with com- 
mercial formulations. 


The assay of Le Perdriel et al. (1) resulted in good 
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FRAGILE: HANDLE WITH CARE 


Pharmaceutical scientists and others who are involved in drug re- 
search and drug product development are quite properly concerned 
with the many considerations that contribute to the safety and ef- 
fectiveness of a pharmaceutical product. 


After identifying the particular compound with the most favor- 
able therapeutic index from among various possible homologs, ana- 
logs, congeners, salt forms, and the like, the next phase involves the 
complex process of studying and selecting ingredients and manufac- 
turing processes that will result in the most effective dosage form for 
administering that drug entity to the patient. 


Unfortunately, there has sometimes been a mistaken belief that 
once the elegant tablet, capsule, or other dosage form has been for- 
mulated in a pure, bioavailable, and uniformly potent form, the job 
was over. That is, there was little need for further concern as to the 
safety and effectiveness of the product. 


I t  is now recognized, however, that the best of products--if not 
properly packaged to protect its integrity and quality-may un- 
dergo changes due to light, moisture, air, or volatilization, which 
very well might render the product unsafe or reduce its effective- 
ness, or both. 


As in most situations, this problem has been the result of various 
factors including inadequate research, carelessness, faulty commu- 
nications, and so on. But one of the major stumbling blocks has been 
lack of an objective test procedure to conduct the necessary mea- 
surements to determine the suitability of a particular container. 
And in the absence of a test procedure that permits quantitative 
measurements of reasonable accuracy and precision, it is obvious 
that no meaningful and enforceable standards or specifications 
could be developed relative to such container characteristics. 


What was probably the first breakthrough in this field came 
about fifteen years ago with the.development and adoption by the 
official compendia of a specific test procedure and a standard speci- 
fication for the assessment of light protection afforded by glass con- 
tainers, based upon spectrophotometric measurements. This proce- 
dure and standard subsequently were extended to cover plastic con- 
tainers also. 


But the problem of container “tightness” remained. A well-inten- 
tioned effort was made by the compendia to define a “well-closed 
container” and a “tight container,” and to distinguish them from 
each other as well as from containers affording lesser protection; 
however, everyone recognized that this effort was more of a pious 
hope than a scientific standard. 


Consequently, the more recent pioneering work of the National 
Formulary-along with the cooperative involvement of the United 
States Pharmacopeia and the Food and Drug Administration--has 
resulted in a very significant step forward. We refer, of course, to  the 
new test procedure, and moisture permeability standards, that ap- 
pear in the new editions of the compendia and concerning which 
FDA is currently in the process of establishing regulations to facili- 
tate effective implementation. 


In essence, this development serves to plug what has been a gap- 
ing hole in our overall system of providing high quality drug prod- 
ucts to the patient. As a result, we soon shall be able to rest better 
assured that the drug product a t  the point of use by the patient is 
far more likely to be as safe and as effective as it was at  the time of 
its original manufacture or preparation. 












GLC Analysis of Metronidazole in Human Plasma 


N. F. WOOD 


Abstract A sensitive procedure was developed for metronida- 
zole in human plasma. The metronidazole is extracted from the 
plasma with chloroform and determined as the trimethylsilyl de- 
rivative by GLC using a flame-ionization detector. Myristyl alco- 
hol is used as the internal standard for quantitation by relative 
peak height. 


Keyphrases 0 Metronidazole-GLC analysis in human plas- 
ma GLC-analysis, metronidazole in human plasma 


Metronidazole (2-methyl-5-nitroimidazole-1-etha- 
nol) (I) is an antiprotozoal agent that has been widely 
used for many years in the oral treatment of tricho- 
moniasis. The methods most frequently used for de- 
termining metronidazole in biological fluids have 
been polarography (1, 2) and colorimetry involving 
reduction of the nitro moiety (2, 3). A comparative 
study (2) found that these methods gave inconsistent 
results and that even a biological method was more 
reliable. Recently, more specific chromatographic 
methods were reported: a TLC method for metro- 
nidazole in serum (4) and a GLC method for metro- 
nidazole in plasma (5). 


The GLC method described in the present work 
was developed before publication of the method of 
Midha et al. (5); although similar in approach, i t  has 
some advantages over the Midha et al. method. 


EXPERIMENTAL 


GLC-A gas chromatograph1 equipped with a flame-ionization 
detector was used. A 183 X 0.04-cm column packed with OV-1 (3%) 


1 2 3 4 5 
PLASMA METRONIDAZOLE, ag/rnl 


Figure 1-Calibration chart for metronidazole. 


Table I-Recovery of Metronidazole Added to 
Human  Plasma 


Number  
Metroni- of Range of Average 
dazole, Experi- Results, Result, RSD, 
pg/ml ments  pg/ml pg/ml % =t RE, % 


0.5 2 0.48-0.60' 0 . 5 4  15.37 +8.00 
1.5 3 1.51-1.65~ 1 . 6 0  4 .74  +6.67 , . .. 
2 . 5  4 2.37-2.53 2 .49  3.09 -0 .40  
3.75 3 3.80-4.12 3.98 4.11 +6.13 
5.0 2 4.62-4.80 4 . 7 1  2 . 7 0  - 5 . 8 0  


Average recovered 102.9% 


a Corrected for blank of 0.05 pg/ml. 


on Gas Chrom Q was operated a t  160" with a carrier of nitrogen a t  
70 ml/min. Detector flow rates were: hydrogen, 45 ml/min, and air, 
300 ml/min. Electrometer attenuations were 10 X 16 or 10 X 32. 
Injection size was 2 pl. Retention times of trimethylsilyl deriva- 
tives were as follows: metronidazole, 4.1 min; 2-methyl-5-nitroim- 
idazole-1-ylacetic acid, 5.1 min; and myristyl alcohol, 8.1 min. 
After each plasma analysis, it was found preferable to  raise the col- 
umn temperature to 200" for about 10 min to eliminate the possi- 
bility of strongly retained substances interfering with subsequent 
analyses. 


Method-Plasma (2 ml) adjusted to pH 8 was extracted with 
chloroform (1 X 20 , l  X 10, and 1 X 5 ml), and 100 pl of chloroform 
containing 5 mg/100 ml of myristyl alcohol was added to the ex- 
tract. The extract was dried over anhydrous sodium sulfate for a 
few minutes and then decanted into an evaporation flask. After re- 
moval of chloroform using a rotary evaporator, the residue was 
transferred to a 1-ml vial with 0.5 ml of methanol. The methanol 
was removed in a stream of nitrogen, 50 p1 of bis(trimethylsily1)tri- 
fluoroacetamide was added, and the vial was immediately capped 
with a Teflon-coated rubber septum. 


After standing overnight, the solution was examined by GLC 
and the ratio of the peak heights of the metronidazole and the my- 
ristyl alcohol derivatives was determined. Finally, the metronida- 
zole was found by reference to a calibration chart relating the peak 
height ratio to plasma concentration. The calibration chart was 
prepared from standard mixtures of metronidazole with myristyl 
alcohol in bis(trimethylsily1)trifluoroacetamide. 


RESULTS AND DISCUSSION 


The generally recommended dosage of metronidazole for women 
is one oral tablet of 250 mg three times daily. According to  McFad- 
zean (6), a single oral dose of 200 mg leads to  a maximum serum 
level of 5 pg/ml after 1 hr; the serum level then decreases to 1 
pg/ml after 24 hr. On this basis, the presently described method 
was developed so as to give good quantitation for metronidazole in 
plasma from 0.5 to  5 pg/ml. 


GLC analysis of metronidazole as the trimethylsilyl derivative 
rather than as the parent compound itself was chosen because of 
superior peak shape and detector response. Moreover, it was antic- 
ipated that trimethylsilylation would improve the chances for de- 
tection of metronidazole metabolites, which would be expected to 
be more polar than metronidazole itself. Trimethylsilyl derivatives 
are usually sensitive to moisture and frequently unstable. Actually, 


CH,-CH,OH 
I 


Tracor MT-220. 
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Figure 2-Recovery of metronidazole from plasma. Chromato- 
gram on left was obtained from a plasma sample with added 
metronidazole (5 pglml) and  internal standard (5 pgglml). 
Chromatogram on right was obtained from a control sample. 
Key: A,  metronidazole; and B, internal standard. 


the derivatives of metronidazole and the chosen internal standard 
of myristyl alcohol are probably simple derivatives of primary al- 
cohols (5) and, as such, do not suffer from these disadvantages. In- 
deed, the derivatives may be recovered from dimethylformamide 
solution by addition of water and extraction into hexane or chloro- 
form. No peculiar behavior during GLC was noted. 


A brief study was made of the conditions necessary for quantita- 
tive trimethylsilylation of a mixture of metronidazole and myristyl 
alcohol. In dimethylformamide-bis(trimethylsilyl)trifluoroacetam- 
ide (l:l), reaction was complete in less than 30 min; but it was ob- 
vious that a t  low levels of metronidazole, the tail of the dimethyl- 
formamide peak would interfere with quantitation. In bis(tri- 
methylsily1)trifluoroacetamide alone, reaction was complete in less 
than 1 hr a t  50° and almost complete in 2 hr a t  room temperature. 
It was decided to trimethylsilylate the plasma extract by allowing 
it to  stand in bis(trimethylsily1)trifluoroacetamide at  room tem- 
perature overnight. 


Determinations of metronidazole were based on the ratio of the 
peak height of the metronidazole derivative to that of the internal 


n I11 


standard. Calibration charts relating this ratio to the concentra- 
tion of metronidazole in plasma were prepared from standard 
mixtures of metronidazole with the internal standard in bis(tri- 
methylsily1)trifluoroacetamide. Such a chart is shown in Fig. 1, 
and it can be seen that a linear relationship exists in the &5-pg/ml 
range. 


The results of some recovery experiments for standards of me- 
tronidazole added to human plasma are given in Table I. Typical 
chromatograms from a 5-~g/ml plasma sample and a control plas- 
ma sample are shown in Fig. 2. 


Although 2-methyl-5-nitroimidazole-1-ylacetic acid (11) and 1- 
(2-hydroxyethyl)-2-hydroxymethyl-5-nitroimidazole (111) have 
been reported as metabolites of metronidazole in urine (7, 8), no 
clear evidence for metabolites of metronidazole in plasma was 
found in the present work during the analysis of several clinical 
samples. Compound 111 ought to lend itself to analysis since it is 
structurally related to metronidazole simply by having an addi- 
tional primary alcohol moiety. Unfortunately, no sample of I11 was 
available. However, a submilligram sample of I1 was available, and 
some preliminary recovery experiments with plasma were per- 
formed. Results showed good recovery of 11, giving a sharp chro- 
matographic peak eluting immediately behind, and sharply re- 
solved from, that of metronidazole. 


The method described here is similar to that of Midha et al. (5). 
Midha et al. also carried out trimethylsilylation prior to analysis, 
but they used a reagent consisting of a mixture of hexamethyldisi- 
lazane and trimethylchlorosilane in acetonitrile rather than bis(tri- 
methylsily1)trifluoroacetamide. They were not able to analyze the 
resulting metronidazole derivative satisfactorily by GLC using a 
single liquid as the stationary phase as described here, but instead 
they had to resort to a mixture of three liquids. One practical diffi- 
culty in the application of the method of Midha et al. is that the 
internal standard, I-(2-hydroxyethyl)-2-methoxy-5-nitroimida- 
zole, may be difficult to obtain since it is quite a rare chemical and 
unavailable commercially. 
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Fluorocarbon Aerosol Propellants IV: Pharmacokinetics of 
Trichloromonofluoromethane following Single and 
Multiple Dosing in Dogs 


SARFARAZ NIAZI and WIN L. CHIOU 


Abstract 0 An intravenous dosage form of trichloromonofluo- 
romethane, a common aerosol propellant, was formulated in poly- 
ethylene glycol 400 for single and multiple dosing to  unanesthe- 
tized dogs. A three-compartment open model was proposed for dis- 
position of this compound in dogs with average half-lives of 3.2, 16, 
and 93 min for three disposition phases. This finding is contrary to  
several reports where blood levels were monitored for shorter peri- 
ods. A computer analysis of tissue compartment distribution fol- 
lowing a single dose showed that about 2 hr was required to  
achieve pseudodistribution equilibration, following which more 
than 90% of the dose remaining in the body was retained in tissue 
compartments. Pulmonary clearance and volumes of distribution 
were calculated considering first-pass effect through the lung. The 
volume of distribution was approximately six times the body 
weight in terms of blood concentrations, and about 30% of the pro- 


pellant was cleared from blood passing through the lung in each 
cycle. Disposition of propellant followed dose-independent kinet- 
ics after multiple dosing, and accumulation in tissues continued 
for a much longer period, resulting in high tissue compartment lev- 
els. 


Keyphrases Trichloromonofluoromethane-pharmacokinetics 
following single and multiple dosing, dogs Fluorocarbon aerosol 
propellants-pharmacokinetics of trichloromonofluoromethane 
following single and multiple dosing, dogs Aerosols-pharma- 
cokinetics of trichloromonofluoromethane following single and 
multiple dosing, dogs 0 Propellants-pharmacokinetics of trichlo- 
romonofluoromethane following single and multiple dosing, dogs 
Pharmacokinetics-trichloromonofluoromethane, single and 


multiple doses, dogs 


The volatile fluorocarbons have been widely used 
as aerosol propellants in commercial aerosol packages 
in this country. Although these compounds have 
been generally considered nontoxic and inert, several 
studies (1-3) have claimed that a variable degree of 
cardiac damage can be caused following their inhala- 
tion. An often used argument in favor of low toxicity 
of fluorocarbons is that these compounds are not ab- 
sorbed to any significant extent when inhaled from a 
commercial aerosol product and that the small frac- 
tion absorbed is eliminated very fast from the body, 
decreasing the possibility of any toxic reaction (4-6). 


Unfortunately, the conclusions drawn from most pre- 
vious studies monitoring blood levels of fluorocar- 
bons following their inhalation from commercial 
aerosol products were not based on sound phar- 
macokinetic principles and do not reflect the true 
disposition pattern of these compounds as was re- 
cently discussed (7). 


The objective of the study reported here was to 
demonstrate that, contrary to the established belief, 
trichloromonofluoromethane, one of the most com- 
monly used fluorocarbon propellants, has a longer bi- 
ological half-life than previously thought and under- 
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goes extensive distribution in the body, an observa- 
tion that might have an important bearing on the 
toxicity profile of this compound. 


EXPERIMENTAL 


Materials-Trichloromonofluoromethane' and polyethylene 
glycol 4002 were obtained from commercial sources. A medical- 
grade silicone tubing3 [0.3 cm (0.125 in.) i.d.1 was used with 18-20- 
gauge cannulas4 for venous cannulation. The infusion of solution 
was performed using a constant-rate infusion pump5. 


Formulation of Intravenous Dosage Form-Sterile solutions 
of fluorocarbons for intravenous infusion were prepared in poly- 
ethylene glycol 400, which was sterilized by heating at 100' for 
about 1 hr over a hot plate. The serum bottles (50-ml capacity) in 
which the solution was stored were alswsterilized by heating at 
l l O o  for about 2 hr. After cooling, polyethylene glycol 400 was 
transferred to almost fill a preweighed, empty, sterile serum bottle, 
which was then quickly sealed with a lacquer-coated rubber stop- 
per and an aluminum seal with the help of a manual crimper. The 
bottle was reweighed to determine the weight of polyethylene gly- 
col transferred. The volume of polyethylene glycol was calculated 
through the density factor of 1.125 (8). 


For the preparation of a solution of trichloromonofluo- 
romethane, which exists in liquid form a t  refrigerator temperature 
(5O), 0.1-0.5 ml was transferred to the serum bottle using a pre- 
cooled hypodermic syringe fitted with a 23-gauge needle. Caution 
was observed to avoid contact of the needle with the polyethylene 
glycol in the bottle. The bottle was then rotated gently for 15 min 
to dissolve the fluorocarbon and evenly disperse it. At the end of 
15 min, a preweighed 25-gauge hypodermic needle was inserted 
just below the surface of the rubber stopper to release any exces- 
sive pressure and the bottle was reweighed before removing the 
needle. The weight of the fluorocarbon dissolved was Calculated by 
subtracting the weight of the empty bottle, the polyethylene glycol 
400, and the needle. 


Analysis of Polyethylene Glycol Solutions-The analysis of 
the intravenous solutions was performed by transferring a small 
volume of solution (5-7 drops), using a hypodermic syringe fitted 
with an 18-gauge needle, to a preweighed and sealed serum bottle 
(15-ml capacity). The bottle was then reweighed to determine the 
exact weight of the solution transferred (normally 50-100 mg). The 
bottles were then rotated in all directions to spread the solution.on 
the wall of the bottles. The bottles were then shaken in a vortex 
shaker for 10 min to allow complete equilibration between the liq- 
uid polyethylene glycol and the air phase. 


Although the ratio of the air to liquid phase was very high, such 
as 300, for 0.05 ml of liquid in a 15-ml capacity bottle, the liquid 
phase may not be completely depleted of the fluorocarbon upon 
equilibration. For example, the partition coefficient between poly- 
ethylene glycol 400 and air was approximately 11 for trichloromo- 
nofluoromethane, which could result in about 3.6% underestima- 
tion of the content; proper correction was necessary. The concen- 
tration of fluorocarbon in the air phase was analyzed either by di- 
rectly injecting a small sample of air from the bottle using a gas- 
tight syringe on a GC column or by first diluting 100 pl of the air 
phase in another 15-ml capacity bottle and then injecting a proper 
volume on the column. The concentration of trichloromonofluo- 
romethane in the polyethylene glycol solution can easily be ob- 
tained using the following relationship: 


(Eq. 1) 


where C ,  is the concentration of fluorocarbon in the air phase in 
milligrams per milliliter in the original bottle (if any dilutions are 
made), V. is the volume of the air phase (capacity of the bottle, 
milliliters), D is the density of polyethylene glycol in grams per 
milliliter, W,,, is the weight of polyethylene glycol transferred to  
the bottle in grams, and P is the partition coefficient between 


Supplied by E. I. duPont deNemours & Co., Wilmington, Del. 
Union Carbide Chemical Co., New York, N.Y. 
Dow Corning Corp., Midland, Mich. 
Medicut, Aloe Medical, St. Louis, Mo. 
Harvard Apparatus Co., Millis, Mass. 
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Figure 1-Triexponential blood concentration decay follow- 
ing intravenous administration of 128.5 mg of trichloromono- 
fluoromethane in  6.6 ml of polyethylene glycol 400 to a dog 
weighing 19.5 kg. Ct, = 6000e-O 1 8 ~ t  + 625e-004L:31t + 
15ze -0 camat. 


polyethylene glycol 400 and air for trichloromonohoromethane. 
Equation 1 is based on the assumption that the dilute solution of 
the propellant in polyethylene glycol 400 would not significantly 
affect the density of the polyethylene glycol solution. 


The validity of this method of analysis was confirmed by almost 
perfect agreement between the values obtained gravimetrically 
(where the weight of fluorocarbon added was known) and those ob- 
tained by the described method. 


The concentration of trichloromonofluoromethane solutions 
prepared ranged from 7 to 36 mg/ml. A duplicate analysis in all in- 
stances showed a high degree of reproducibility. The analysis of 
these solutions was also performed just prior to their infusion to 
account for any loss during overnight storage. A freshly prepared 
solution (kept overnight) of fluorocarbon in polyethylene glycol 
was used for each study. 


Infusion of Polyethylene Glycol Solutions--The solution 
stored in the 50-ml serum bottle was withdrawn in a 20- or 50-ml 
capacity glass syringe using a 16-gauge needle by applying a posi- 
tive pressure inside the bottle by injecting 20-50 ml of air in the 
bottle and then slowly filling the syringe, avoiding the entry of air 
in the syringe. These precautions were necessary to minimize the 
loss of the fluorocarbon to the atmosphere during the transfer. The 
glass syringe was then connected to silicone tubing through a 
three-way stopcock and assembled in a constant-rate infusion 
pump. 


Animal Procedures-Four male, mongrel, unanesthetized, 
conditioned dogs, 16.8-20 kg, were used. They were fasted for 16- 
18 hr prior to the experiments, and food and water were withheld 
during the experiments. The cephalic veins of the forelegs were 
cannulated using an 18-gauge cannula to which a l.hree-way stop- 
cock was attached. The syringe containing the fluorocarbon solu- 
tion was connected to the cannula through silicone tubing. The so- 
lution was infused over 3 min a t  a constant rate of 2.2 ml/min for 
the single-dose study and for 2 min at a rate of 2.5 ml/min for the 
multiple-dose study. At the end of the infusion period, the cannula 
was flushed with 5 ml of heparinized sterile normal saline. 


The blood samples (0.5-3.0 ml) during the single-dose study 
were collected from the other leg a t  0, 1, 2, 3,4,6,13, 10, 15, 20,25, 
30, 40,50,60, 70, 80, and 100 min and then up to 300 min a t  every 
20 min. The zero time for sampling was assigned when the infusion 
was completed. A blank blood sample was obtained before the so- 
lution was infused to study the partition coefficients. The cannula 
through which the solution was infused was removed as soon as 
possible after the infusion was complete. In the case of multiple 
dosing, the cannula was left intact until the last dose was infused. 
The samples obtained during the multiple-dose gtudy were less 
frequent except for the last dose, after which a pattern similar to 
that described for the single-dose study was followed. Every time a 
blood sample was withdrawn, the cannula was flushed with hepari- 
nized normal saline to avoid clotting. 







Compartment (111) Compartment (XI) 


I ke’ 
Scheme I-A three-compartment disposition model for trichloromonofluorornethane in dogs 


During all studies, an adequate room ventilation was maintained 
and care was observed not to excite the animal since the cardiac 
output and breathing rate can affect the results significantly. No 
study was performed if the animal got highly excited during the 
process of cannulation. A t  least 1 week was allowed between stud- 
ies in the same animal. A duplicate study was performed on Dog 
2976. 


Analysis of Trichloromonofluoromethane in Blood-Ap- 
proximate volumes of blood samples, ranging from 0.5 to 3.0 ml, 
were quickly transferred using a 23-gauge needle to sealed pre- 
weighed and heparinized serum bottles of various capacities; a 27- 
gauge needle had been inserted to release the excessive pressure 
buildup due to the added volume of the blood. Both needles were 
removed quickly after the blood samples were transferred. The 
serum bottles were then reweighed to determine the weight of 
blood added to each bottle, which was then converted to volume 
using the experimentally determined density factor of 1.04. The 
blood samples were allowed to equilibrate in the sealed serum bot- 
tle with the air phase, which was then analyzed. Then the concen- 
tration of the blood samples was determined using the following 
relationship (9): 


where c b  and c h  are the concentrations in the blood sample trans- 
ferred to the serum bottle and the head space in the serum bottle 


with which it equilibrates, respectively; Vt and vb are the volumes 
of the serum bottle and the blood sample transferred, respectively; 
and P is the partition coefficient between blood and air. Reference 
9 should be consulted for a detailed description of the procedure. 


The analyses were performed as soon as possible after withdraw- 
ing the blood samples to avoid any loss during storage. Duplicate 
analyses were performed on each sample and a high degree of re- 
producibility was always achieved. 


RESULTS AND DISCUSSION 


Dosage Form and Route of Administration-In most previ- 
ous studies measuring blood concentrations of fluorocarbons fol- 
lowing their inhalation, a large degree of variation was inevitably 
seen for several reasons. First, the uptake of gases largely depends 
on cardiac output and ventilation (lo), both of which depend on 
such factors as levels of excitement, blood carbon dioxide tension, 
and pathological conditions. Second, the uptake of gases is further 
complicated by the rebreathing from the residual volumes in the 
lungs and from the atmosphere. For example, Shargel and Koss 
(11) found variations of more than 50-fold in blood concentrations 
of fluorocarbons following inhalation of equal doses in dogs. Such 
variations were also reported by Azar et al. (12) and were attrib- 
uted to the reasons listed here. 


One means of curtailing such large variations is to use a dosage 
form other than inhalations. For example, a solution of fluorocar- 
bon in corn oil was used for oral administration to rats (13). How- 


Table I-Pharmacokinetic Parameters of Trichloromonofluoromethane from Five Studies 


Parametero Dog 3287 Dog 3288 Dog 3457 Dog 2976a Dog 297613 


bi 0.239 0.198 0.252 0.193 0.222 
bz 0.0504 0.0433 0.0590 0.047 0.0308 
b3 0.0084 0.00693 0.00825 0.00753 0.00660 
CI 0.714 0.885 0 .81 0.573 0.897 
C? 0.220 0.0922 0.176 0.382 0 ,0849 
C3 0.0612 0.0224 0.00796 0 ,0446 0.0179 


C22 0.333 0.231 0.301 0.309 0.319 
C32 0.049 0 .0169 0 ,00555 0.0216 


c12 -0.330 -0.248 -0.306 -0.331 -0.348 


0.0287 
c13 -0.129 -0.183 -0.590 - 0 ,0665 -0.125 
Cz3 -0.255 -0.107 - 0.0620 -0.218 -0,115 
Caa 0.384 0.290 0.121 0.284 0.239 
he1 0.0679 0.102 0.139 0.0592 0.105 
1221 0.100 0.0589 0.0936 0.108 0.0487 
k3l 0.0148 0.00993 0 ,00940 0.0108 0.00882 
hi3 0.0404 0.0388 0.0175 0.021 0.0296 
kiz 0.0742 0.0390 0.0594 0.0488 0 ,0673 


Do,b m g  209 128 241 116 49.2 
A U P ,  144 66.6 175 132 49.8 


pg/ml, min 


a The units for all b and k values are minutes-’. * Xo = (1 - f)D, where (1 - f )  is the fraction eliminated in the first pas% through the lungs. 
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Figure 2-Percent of absorbed trichloromonofluoromethane 
remaining i n  various body compartments based on a typical 
study (Dog 3287). 


ever, the biological availability problems in this case can compli- 
cate the situation. An intravenous dosage form offers the greatest 
advantages of control and ease of administration. Unfortunately, 
trichloromonofluoromethane presents the problem of extremely 
low solubility in water-miscible liquids that can be used as vehicles 
in intravenous dosage forms. 


The choice of polyethylene glycol 400 was arrived at  by the pro- 
cess of elimination of solvents that will have adequate solubility, 
show low toxicity when administered intravenously, and be stable 
to the sterilization procedure. This vehicle was previously used to 
formulate injections (14, 15). This vehicle, however, does not rep- 
resent an ideal choice in view of a recent report showing that the 
administration of polyethylene glycol 400 increased the blood 
pressure response to 10 pg of epinephrine by an average of 22 mm 
Hg (27% increase over control). The polyethylene glycol 400 itself 
did not show any affect, but the response enhancement to epi- 
nephrine was dose dependent and lasted for about 1 hr following 
administration of a minimum dose producing an enhancement to 
epinephrine response. This observation, however, would not affect 
the utility of this dosage form in the present study where the main 
objective was to study the disposition of fluorocarbons rather than 
their toxic manifestations, which might possibly be complicated if 
polyethylene glycol 400 is used as a dosage vehicle. The amount of 
the fluorocarbon administered in this study was close to the total 
fluorocarbons that may be encountered clinically after inhalation. 


Pharmacokinetic Model-The blood concentrations (venous) 
obtained at  different time intervals following intravenous dosing of 
the fluorocarbon were plotted on semilogarithmic paper; the mid- 
point of infusion was assigned as zero time and a smooth curve was 
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Figure 3-Comparison of the relative amount of trichloro- 
monofluoromethane remaining in tissue and central compart- 
ments based on a typical study (Dog 3287). 
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Figure 4-Percent of absorbed dose remaining in  the central 
compartment following six intravenous administrations of 43 
mg (A, Dog 3287) o r  62 mg (a, Dog 3288) of trichloromono- 


fluoromethane every 20 min. The  solid curve represents the 
theoretical values based on a typical set of pharmacokinetic 
parameters obtained from a single-dose study (Dog 3287). 


drawn through these points. A typical example is shown in 
Fig. 1. The feathering method (17) was then employed to iso- 
late different exponents. In all instances, the blood concentration- 
time curves were characterized by a triexponential equation. A 
three-compartment open model for trichloromonofl uoromethane is 
depicted in Scheme I. The two compartments besides the central 
compartment can be described as the group of tissues with distinct 
affinity and capacity (17) for trichloromonofluoromethane. The 
difference in affinity may be due to the solubility characteristics or 
to specific interactions such as protein binding or other complexa- 
tions. A compartment can also be distinguished bawd on the blood 
supply to the tissues such as a vessel-rich group or a vessel-poor 
group (18). 


For further analysis of this model, to calculate various rate con- 
stants as described in Scheme I, a computer progr,im was generat- 
ed based on the differential equation solutions described by Res- 
cigno and Segre (17). 


The fraction of dose remaining in various pharmacokinetic com- 
partments can be described in terms of hybrid constants: 


X , / X o  = C,e-bl' + C 2e -b2f  + C3e8J' (Eq. 3) 


(El. 4) 


(k. 5 )  


X 2 / X o  = Cl,e-'l' + C~S-'~' + C3f'-b3t 


X 3 / X o  = C,je-bi' + C2+?-b~' + C31e-b3' 


where X I ,  Xp,  and X 3  are the amounts of fluorocarbon present in 
different compartments, and X o  is the dose, which in the model 
proposed is the dose remaining in the body after the first pass 
through the lungs as described later. 


The described pharmacokinetic parameters determined experi- 
mentally for trichloromonofluoromethane are reported in Table I. 


Volume of Distribution and  Pulmonary Clearance-The ap- 
parent volume of distribution, vd, of a drug after reaching a pseu- 
dodistribution-equilibrium state following intravenous adminis- 
tration has been defined as (19): 


where AUC is the area under the blood concentrntion-time curve 
from zero to infinity, h3 is the first-order disposition constant in 
the terminal phase, and D o  is the dose administered. 


Equation 6, however, cannot be used for the present situation 
where trichloromonofluoromethane was administered in the ve- 
nous blood and where, therefore, a significant fraction may be 
eliminated from the lungs before the concentration in the venous 
blood is monitored, resulting in a serious overestimate of the vol- 
ume of distribution if Do is assumed to be equiv,slent to the dose 
absorbed. Therefore, a correction factor is necessary to account for 
the fraction eliminated in the first pass through the lungs: 
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Table 11- -Volumes of Distribution and Clearance of Trichloromonofluoromethane 


( ) l d ) b a ,  
liters 


Vc , 
liters 


3287 116.28 14.44 0 . 9 8  32.57 
3288 169.33 11.51 1 . 1 7  39.11 
3457 114.23 6 .75  0 . 9 4  31.41 
2976a 90.32 11.49 0.68 22.67 
297613 112.56 7 . 0 4  0 . 7 4  24.76 
Mean f SEM 120.54 + 13.07 10.25 f 1 . 4 7  0 . 9 0  + 0 . 1 0  30 .09  f 2 . 9 5  


(Eq. 7) 


where f is the fraction of the administered dose retained in the 
body following the first pass through the lung. The fraction elimi- 
nated by the first pass can be calculated by the following equation 
in analogy to one proposed for the first-pass effect following oral 
dosing (20): 


fraction eliminated = (1 - f)- pc (Eq. 8) PFR 


where PFR is the pulmonary flow rate, which is almost equivalent 
to the cardiac output (an average value of 3 liters was used as re- 
ported in Ref. 21), and PC is the pulmonary clearance: 


PC = ( V d ) h ,  X b, (Eq. 9) 


Substitution of Eq. 9 into Eq. 8 and elimination o f f  from Eq. 7 
lead to the following equation (22): 


This equation, however, assumes that the pulmonary clearance is 
the only route of elimination for the compound. The fluorocarbon 
studied in this investigation was shown to be primarily eliminated 
intact from the lung in rats (23). Therefore, Eq. 6 can be used as an 
approximation for the determination of the apparent volume of 
distribution and the pulmonary clearance. The volume of distribu- 
tion for trichloromonofluoromethane (Table 11) was calculated to 
be approximately six times the average body weight (16.8-20 kg), 
an indication that this compound is extensively distributed in the 
body tissues. 


The pulmonary clearance values were calculated using Eq. 9 and 
are also reported in Table 11. An average clearance of 900 ml/min 
corresponds to 30% clearance in each cycle through the lung, and 
an error of this magnitude would have been involved in the calcu- 
lations of volumes of distribution if the correction due to the first 
pulmonary pass effect had not been made. 


The volume of the central compartment, from where the actual 
elimination takes place, can be calculated easily since the clear- 
ance from the central compartment should equal the clearance 
from the body: 


( V d ) b ,  X b3 = Vc X he1 (Eq. 11) 


where k,l is the elimination rate constant from the central com- 
partment. Table I1 also shows the values for the volumes of the 


Table 111-Disposition Half-Lives of 
Trichloromonofluoromethane 


Half-Life 
Disposition . (Mean f SEM), 


Phase min (n = 5) 


Initial 
Intermediate 
Final 


3.17 f 0.16O 
15.70 f 1 . 8 3  
92 .70  f 4 . 3 9  


This value may he slightly different from the true value because the 
experimental value would be influenced by the duration of the intravenous 
infusion. 


central compartment. Smaller volumes as compared to the total 
volumes of distribution indicate retention of a smaller fraction in 
the central compartment as compared to tissue compartments 
after the pseudodistribution phase. 


Disposition Half-Lives-Table I11 shows the half-lives for the 
three disposition phases of trichloromonofluoromethane. The ter- 
minal disposition half-lives reported here are much longer than 
previously reported (11, 12, 24-26). An obvious reason for this 
large discrepancy is that the blood concentrations were monitored 
previously for only short intervals. The longest period involved 
was about 60-70 min. However, as shown in Fig. 1, it took about 
100 min to reach the terminal phase. Consequently, in all of the 
mentioned studies, the fluorocarbons had not yet equilibrated with 
the body tissues, resulting in much shorter apparent half-lives due 
to the distribution to the tissues. 


An analysis of the data reported (11) for the disposition of fluo- 
rocarbons in dogs shows that during the 10-60-min time interval 
the half-life of elimination appeared to be about 20 min for trichlo- 
romonofluoromethane. The actual value will be lower if the termi- 
nal phase is feathered out. This value is in agreement with the 
value in this study for the intermediate disposition phase. An anal- 
ogous scrutiny of other reported data (26) shows that the terminal 
half-life for trichloromonofluoromethane was about 90 min in a 
human subject, an observation that went unnoticed by these inves- 
tigators. 


The finding that trichloromonofluoromethane shows a multiex- 
ponential decay in the blood concentration can be utilized to study 
the true elimination rate from the body and to evaluate the degree 
of accumulation in the body following single or multiple exposures. 


Retention following Single Intravenous Administration- 
Following administration of trichloromonofluoromethane through 
intravenous infusion, the concentration in the blood drops very 
sharply. Such an observation was also reported for fluorocarbons 
following their inhalation (25, 26). However, such sharp declines in 
blood concentrations do not necessarily follow a parallel loss of the 
drug from the body (27). The amount of the drug remaining in the 
body (addition of Eqs. 3-5) as a function of time can also be calcu- 
lated using the following equation (27): 


fraction remaining - - 
in body 


(Eq. 12) 
(C,/b,)e-'" + (C2/bJe-b2' + (CJbJe-' " 


( C h )  + (CJbJ  + ( C d M  


Figure 2 shows a plot of the amount of trichloromonofluo- 
romethane remaining in the body and in various tissue compart- 
ments as described earlier (Eqs. 3-5). For example, the amount of 
trichloromonofluoromethane in the central compartment dropped 
to about 15% of the absorbed dose (dose after the first pulmonary 
pass) in 25 min, but about 55% of the absorbed dose was still pres- 
ent in the body. 


It is evident that a sharp buildup of the administered dose con- 
tinues in the tissues until a steady state is reached when the rate of 
change of the amount present in the tissues equals zero; this 
steady state is then followed by a decline in the amounts present in 
the tissue compartments. The ratio of the fraction of the dose in 
the tissues over that in the central compartment, however, keeps 
increasing since the rate of loss from the central compartment is 
greater than from the tissue compartments until the pseudoequili- 
bration stage is reached; then the ratio of the amount in the tissue 
compartments to the amount in the central compartment remains 
constant (18). To demonstrate this, a plot was made (Fig. 3) based 
on the data presented in Fig. 2. It is evident that although the 
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Figure 5-Computer-generated curves for the distribution Of 
trichloromnofluoromethane in various pharmacokinetic com- 
partments following instantaneous absorption of s ix  doses of 
100 units each every 20 min. The pharmacokinetic parameters 
were obtained from a typical single-dose study (Dog 3287). 


steady state is reached rather quickly, as indicated by arrows in 
Fig. 3, the ratio of the amount in the tissue compartments over the 
central compartment keeps increasing until a pseudodistribution- 
equilibrium is reached. The retention of trichloromonofluo- 
romethane, therefore, continues for a considerable period; for ex- 
ample, in the study reported in Scheme I, it took about 125 min to 
reach equilibration with the central compartment. 


This finding is important because i t  shows for the first time that 
the claims made regarding fast elimination of fluorocarbons from 
the body (12,25,26) are probably erroneous and can be misleading 
in the evaluation of the toxicity of this compound. 


In Compartment 2 ( X 2 ) ,  a peak was observed for the ratio of 
fluorocarbon in the tissue compartment over that  in the central 
compartment. This kind of peak ratio was not observed for Com- 
partment 3 ( X 3 ) .  This difference can be explained on the basis of 
the capacity of the two compartments. Compartment 3 shows a 
much higher capacity for fluorocarbon retention compared to  
Compartment 2. In the initial phase of distribution, an “apparent 
supersaturation” of Compartment 2 may result due to the strong 
driving force from the central compartment because of the higher 
concentration. This apparent supersaturation might not exist in 
Compartment 3 because of its higher capacity. 


The total amount of the dose retained following pseudodistribu- 
tion-equilibrium is an important parameter, especially when ex- 
trapolating the single-dose study to multiple-dose studies. Table 
IV reports the retention of trichloromonofluoromethane in the tis- 
sue and central compartments after pseudodistribution-equilib- 
rium has been reached. The fraction of the fluorocarbon retained 
in the tissue compartments compared to the central compartment 
shows that more than 90% of the total amount present in the body 
was retained in tissue compartments. This finding clearly shows 
that a sharp decline in the concentration in the central compart- 
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Figure 6-Computer-generated curves for the distribution of 
trichloromnofluoromethune in various pharmacokinetic com- 
partments following instantaneous absorption of 21 doses of 
100 units each every 20 min. The pharmacokinetic parameters 
were obtained from a typical single-dose study (Dog 3287). 


1 2 3 4 5  
MINUTES 


Figure 7-Computer-generated curves for the distribution of 
trichloromonoflmromethune in various pharmacokinetic com- 
partments following instantaneous absorption of 11 doses of 
100 units each every 30 sec. The p h a r m m k i n e t i c  parameters 
were obtained from a typical single-dose study (Dog 3287). 


ment does not necessarily parallel the decline in the amount in the 
body, an observation that was not well recognized in most studies 
reported earlier. 


Multiple-Dose Kinetics-The pharmacokinetic parameters 
calculated following single-dose administration (Table I) can be 
used to simulate multiple-dose kinetics. A typical study, such as 
with Dog 3287, was used to generate multiple-dose disposition 
curves6. These curves were then superimposed by the experimental 
data obtained from two separate studies (Fig. 4). A good agree- 
ment between theoretical and experimental values provides the 
basis for the validity of the premise involved in the generation of 
multiple-dose curves that each dose decays independently of the 
amount present in the body or, in other words, that dose-indepen- 
dent kinetics are operative for the disposition of this compound in 
the dose range studied. 


A significant aspect of this study is that it allows the assessment 
of the accumulation of trichloromonofluoromethane in the tissue 
compartments during multiple exposures in the frequent use of 
commercial products containing fluorocarbons as propellants. 
With fast intravenous infusion of a drug, i t  has often been shown 
(28) that  a large fluctuation in the concentration in the central 
compartment is seen which is not necessarily paralleled in the tis- 
sue compartments because of the essential nature of the time-de- 
pendent process of distribution from the central compartment to 
the tissue Compartments. 


Figure 5 shows the calculated amount of trichloromonofluo- 
romethane distributed to various tissue compartments following 
six multiple doses. The amount remaining in the tissue compart- 
ments shows much less fluctuation than is observed in the central 
compartment (the ordinate is in the logarithmic scale, which re- 
duces the apparent variation). For example, Fig. 5 shows that the 
amount in Compartment 2 varied 1.5 times between the lowest 
level before administration and the peak level following the ad- 
ministration of last dose, whereas the amount in the central com- 
partment varied almost four times. Compartment 3 showed the 
least fluctuation of about 1.13 times. Some correlation between the 
degree of fluctuation and the nature of the compartment can be 
drawn based on the data presented earlier regarding the capacity 
of various tissue Compartments. The tissue compartment, which 
has a higher capacity to retain the fluorocarbon, would be expected 
to show less fluctuation in its highest and lowest levels during mul- 
tiple-dose administration since a longer time may. be required to 
equilibrate this compartment with the central compartment. 


IBM computer facility at the University o f  Illinois Medical Center. 
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Table IV-Average Retent ion ( f S E M )  of 
Trichloromonofluoromethane at 300 rnin following Pseudo- 
Distribution-Equilibrium in Various Compartments  


~~~ ~ 


x2 + x3 XI 
Percent  Compar tmen t s  Compar tmen t  


Percent  of absorbed dose 3 . 0 5  f 0 . 5 1  0 . 3 1  0 . 2 3  
Relative percent of t o t a l  90.8 f 1 5 . 2  9 . 2  =t 6 . 8  


amoun t  i n  t h e  body 


The magnitude of the problem of accumulation during multiple 
exposures to trichloromonofluoromethane is well emphasized in 
this study. For example, the total amount eventually accumulated 
in the tissues may well exceed the amount administered in one 
dose. This situation is shown in Fig. 5 where the total amount ac- 
cumulated in two tissue compartments a t  the peak just after the 
last dose was about 1.65 times the dose that was administered 
every 20 min. 


The computer-simulated curve for 21 consecutive doses a t  inter- 
vals of 20 rnin (Fig. 6) shows similar fluctuations of the amount in 
the central compartment as was observed for a six-dose study (Fig. 
5). The fluctuation in the tissue compartments decreased gradual- 
ly as the equilibrium was approached, and until then a buildup of 
trichloromonofluoromethane continued. The magnitude of the 
buildup would not be apparent if blood concentration alone were 
used to represent the body levels as was attempted by Dollery e t  
al. (26). These investigators administered a mixture of fluorocar- 
bons containing trichloromonofluoromethane by inhalation to bu- 
mans every 10 min for 6 hr and failed to notice any significant rise 
in the blood concentration of trichloromonofluoromethane. They 
attributed the result to the possible lack of accumulation in the 
body. 


The observations made in this study may have some bearing in 
hazard potential evaluation for professionals who come in frequent 
contact with aerosol packages containing fluorocarbon propellants. 


The total accumulation in the body following multiple dosing 
depends on such factors as the dose administered and the frequen- 
cy of administration. An interesting simulation of the accumula- 
tion pattern can be made to show the commonly observed exces- 
sive inhalation of bronchial aerosols by desperate asthmatic pa- 
tients. A time interval of 0.5 min was chosen to administer 100 
units of trichloromonofluoromethane through lungs in a typical 
study; the results in Fig. 7 show that in 5 min, during which 10 ad- 
ministrations were made, almost 96% of the trichloromonofluo- 
romethane absorbed was retained in the body. Although a major 
fraction was present in the central compartment, the amount in 
the tissue compartments was more than twice the single dose ad- 
ministered. This massive buildup might also occur in youths who 
inhale aerosol packages to “turn on.” 


The toxicological aspects of the observations made here can be 
twofold. First, during excessive inhalation, it is possible that high 
tissue levels may be reached in spite of the high volatility of tri- 
chloromonofluoromethane. The sudden deaths reported following 
inhalation of aerosol packages can be attributed a t  least in part to 
threshold toxic limits, although no such direct and reliable data 
have been reported. Second, the accumulation following multiple 
exposures can result in much higher deep tissue compartment lev- 
els than are apparent from blood levels. Therefore, the possibility 
of chronic toxicity cannot be ruled out entirely. 


The toxicological implications of the use of aerosol packages 
containing fluorocarbon propellants and the environmental pollu- 
tion hazard from these compounds are matters of controversy, but 
the data presented here warrant against misleading toxicological 
interpretations that might result in the application of erroneous 
pharmacokinetic principles. 
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Practical Kinetics I: Quantitation of 
Barbiturate Stability by TLC 


H. V. MAULDING=, J. POLESUK, and D. ROSENBAUM 


Abstract 0 The purpose of this work was the application of estab- 
lished techniques to the quantitation of stability investigations of 
liquid formulations as well as in solution kinetic studies. The pro- 
cess consists of streaking aliquots of reaction solution on TLC 
plates, development, elution, and analysis of the substances in the 
eluate. Several barbiturates were investigated regarding thejr de- 
composition at elevated temperatures. Reasonable correlation is 
noted between obtained rate constants and literature data. This 
technique represents a utilitarian approach to stability screening 
of compounds in solution, aqueous or otherwise, where chromato- 
graphic separation and analytical methodology for the pure com- 
pound are available. 


Keyphrases 0 Barbiturates-stability, quantitation by TLC 
Stability-barbiturates, quantitation by TLC 0 TLC-monitor- 


ing and quantitating bar6iturate stability 


This report outlines a rather general method for 
studying the kinetics of a wide variety of chemical 
compounds. It obviates the necessity for time-con- 
suming development of analytical methodology 
where complications arise such as product interfer- 
ence witk the analysis of intact substances. Although 
the basic method is well known, this report shows its 
general applicability to the formulating pharmacist 
and routine stability studies. 


The two prerequisites for implementation of the 
method are: (a) an available assay for a solution of 
the starting material, and (b) a TLC separation of 
reaction product or products from the parent com- 
pound. These kinetic studies, utilizing quantitative 
TLC, have been carried out on diverse chemical 
classes with success in all of the cases considered. No 
particular expertise appears necessary beyond the 
normal requirements of technical work. 


This method is well suited for evaluation of the 
stability parameters of solution and parenteral for- 
mulations, thus making it of particular value to the 
developmental pharmacist. It offers the advantage of 
being relatively inexpensive and within the price 
range of most laboratories, since the only equipment 
required is a plate streaker and syringe for spotting. 
Techniques such as spectrophotodensitometry and 
high-pressure liquid chromatography might serve the 
same purpose but both entail a much larger financial 
expenditure. 


The technique is not a panacea and suffers from 
some inherent limitations. Compounds such as eryth- 
romycin, which defy chemical analysis in solution, 
are not readily examined by this method, nor are 
substances that are not easily separated by TLC from 
degradation products such as tetracycline. The meth- 
od is somewhat tedious in that care and precautions 
must be taken to prevent loss in scraping, eluting, 
etc. 


Several barbiturates were scrutinized in this work 


since this group of medicinal compounds is of consid- 
erable importance. Additionally, this class has suffi- 
cient published data available for comparisons re- 
garding their degradation rate constants a t  various 
temperatures and pH values (1-4). 


EXPERIMENTAL‘ 


TLC-The general procedure utilizing thiamylal is given, but 
other barbiturates were separated by the same system. Solutions 
were made of the barbiturates in various buffers and sodium hy- 
droxide solutions. A solution of 2 mg/ml thiamylal sodium was 
heated at  80.4 f 0.lo in a constant-temperature oil bath. Samples 
were withdrawn periodically from the reaction solution, and 0.25 
ml was streaked2 on silica gel fluorescent plates3 with occasiqnal 
air drying to confine the bandwidth. Full plates were streaked4 
with a sample on each half of the normally scored plate. The devel- 
opment solution was isopropyl alcohol-chloroform-ammonium hy- 
droxide (9:92), with a running distance of 15 cm (5). 


The barbiturate, Rf 0.8, was visualized by short wavelength UV 
light (255 nm). Products could be observed on treatment with io- 
dine vapor, followed by heating to remove the vapor. The band of 
silica gel containing the barbiturate was marked under the UV 
light, scraped by microspatula, and collected. The silica gel con- 
taining the barbiturate was washed with portions of 0.1 N NHIOH 
to 50 ml in a volumetric flask, followed by filtration through a sin- 
tered-glass filter. In lieu of filtration, the silica gel was centrifuged 
with 50 ml of 0.1 N NH40H. 


Spectrophotometric Analysis-The clear supernate from the 
centrifuged silica gel, or the solution following filtration, was read 
in the UV against a blank prepared from a corresponding blank 
plate treated in the same manner as the chromatograph containing 
the barbiturate. Solvent blanks could also be used with little dis- 
crepancy in results. Samples were read5 in standard 1-cm cells 
with scans from 350 to 220 nm. 


pH Measurements-The pH values of the sodium hydroxide 
solutions used were calculated from activity coefficient data avail- 
able in the literature (6); other pH values were determined on a pH 
meter6 standardized a t  the specified temperatures, utilizing 
phthalate and borate buffer solutions (7). 


RESULTS AND DISCUSSION 


A readily applicable stability screening method is of consider- 
able value to the solution or parenteral formulator. Utilization of 
the presented technique, which represents a synthesis of well-es- 
tablished procedures, may save the time required for development 
of analytical methodology in situations where interactions or inter- 
ferences exist or where the molecules do not lend themselves to 
routine techniques. Previously, the tendency with these substances 
has been to follow the rate of decomposition visually on TLC 
plates as a function of time at  several pH values and temperatures. 
This qualitative type of analysis, while giving an estimation, does 
not allow arrival a t  legitimate quantitative data. 


The barbiturates were sup lied by Ganes Chemical Co., Carlstadt, N.J., 
with the exception of thiamyb sodium, which was obtained from Parke, 
Davis and Co., Detroit, Mich. The substances were used “as is” with no fur- 
ther purification. All other materials employed were of analytical reagent 
grade. 


* Stieaked by means of a 0.5-ml syringe, Hamilton Co., Whittier, Calif. 
Silica Gel 60 F-254, 0.25-mm plates, 20 X 20 cm, EM Labs. Inc., Elms- 


ford. N.Y. ~ . ~ _ ,  .. 
Plate holder for quantitative TLC made by Applied Science Laborato- 


Cary 14 or 11 recording spectrophotometer. 
Metrohm. 


ries Inc., State College, Pa. 
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Table I-Observed or Apparent  First-Order Rate Constants (k in seconds -l X lo6) for Decomposition of Some Barbiturates 
(2 mg/ml) in Aqueous Solution at 80.4' 


R a t e  Constant from Rate Constants from 
Barbiturate Buffer PH" Amarb, nm T L C  Plate  Elutionsc the  Literatured 


Thiamylal 
Thiamylal 
Thiamylal 
Phenobarbital 
Phenobarbital 
Phenobarbital 
Butalbital 
Butalbital 
Butalbital 
Amobarbital 
Amobarbital 


Phosphate' 
Borate" 
0.1 N NaOH 
0.033 N NaOH 
0.1 N N a O H  
0.1 N NaOH 
Phosphate 
0.05 N N a O H  
0.1 N N a O H  
Borate 
0 . 1  N N a O H  


7.5 
10.1 
11.5 
10.99 
11.5 
11.5 
8.5 
11.2 
11.5 
8.0 
11.5 


255 
305 
305 
240 
240 
240 
240 
240 
240 
240 
240 


11.9 
54.8 
276 
152 
302 
311' 


49 
91 


3.9 


6.5 
83.7 


11.2 
47.2 
257 
171 
363 
363 


52 
87 
6.7 
90.5 


4.1 


~~ ~ 


a Description of methods of pH measurement are given under Experimental. b Measured in 0.1 N NHIOH. C Plates were run after spotting with 0.25 rnl of 
solution and were eluted with 50 ml of 0.1 N NH,OH. See Experimental. Runs were carried out in duplicate a t  least by two different operators on different 
days. Rasults are averages of the kinetic rum done in each case. d Werencea 1 and 3. Temperature = 80'. * 9ee Refs. 1 and 3 for preparation of buffers. 


Run was carried out on 0.50 g phenobarbitalfiter or one-fourth of normally used concentration. 


Analytical problems may be circumvented with subsequent 
timesaving by elution of compounds from properly spotted thin- 
layer plates followed by classical analysis. This procedure has been 
employed successfully in this laboratory, although little specific 
documentation is found in the literature. However, it has been ap- 
plied only to  compounds of molecular weight up to 520. Undoubt- 
edly, difficulties may be expected with higher molecular weight, 
more complex organic molecules. 


Since first-order processes are approximated due to control of 
reaction parameters, absolute values regarding concentration 
terms are not necessary. As long as the same volumes of solution 
are spotted each time, apparent first-order kinetics will hold. The 
syringe used fulfilled this condition by allowing streaking of the 
plate with equivalent volumes of each sample. 


Table I lists some barbiturates and the conditions under which 
they were studied. The preponderance of the work was carried out 


- 
0.8 - 


0.7 - 


0.6 - 


~ 0.5 - 
0 
2 -  a m 
a 0.4 - 
m -  a 
2 


0 . 3  - 


0.2 - 


0.1 - 


0.0 - 


0 


200 250 300 350 
WAVELENGTH, nm 


Figure 1-Spectral change for hydrolysis of thiamyhl sodium 
(2 mg/ml) in 0.1 N NaOH at 8 0 . 4 O  with time in minutes 
(listed on graph). Intact thiamylal was eluted from plates and 
read in 0.1 N NH40H. 


at  -8OO due to the reaction velocities and general convenience of 
this temperature with these compounds. The correlation may be 
noted between the rate constants found experimentally and those 
previously derived by classical solution kinetics. 


A statistical comparison of the two sets of data in Table I is ne- 
gated because the temperature reported was 80' (2,3) while these 
investigations were carried out a t  80.4'. 


Table I1 gives a typical set of runs with thiamylal carried out by 
three different operators. These runs were done on different solu- 
tions on different days. The data gave a standard error of 7 with a 
95% confidence interval of 262-290 sec-l X lo6 for the rate con- 
stant k. 


Figure 1 illustrates a typical absorbance loss of thiamylal in 0.1 
N NaOH as a function of time. Experiments were generally carried 
out for two or more half-lives. 


Figure 2 gives some first-order plots for thiamylal at pH 10.1 
and in 0.1 N NaOH at  80.4' a t  both 255 and 305 nm. The same 
slope is observed for both wavelengths under each condition. 


a 1 0 -  
9 -  
8 -  
7 -  
6 -  


5 -  


4 -  


3 1  I I I .I I I I I , 1 I , 
0 100 200 280 


Figure 2-apparent first-order plots for hydrolysis of thiamylal 
sodium ( 2  mg/ml) in 0.1 N NaOH and at p H  10.1 and 80.4'. 
Rate constants were determined from absorbance values ob- 
tained at 255 and 305 nm. Thiamylal was extracted from 
silica gel thin-layer plutes and read in 0.1 N NH40H. Key: *. p H  10.1,305 nm; A, p H  10.1,255 nm; 0 , O . l  N NaOH, 305 
nm; and A, 0.1 M NaOH, 255 nm. 
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Table 11-Rate Constants for Hydrolysis of Thiamylalo in 
0.1 N NaOH at 80.4’ 


R u n  k, sec-1 x 1 0 6 6  


1 
2 
3 
4 
5 


Average 


291 
288 
284 
263 
256 
27@~* 


a Thiimylal was read in 0.1 N NHlOH at 305 nm (255 nm gives similar 
values). Initial concentration was 2 g/liter. * Resulta were determined by 
three operatora at difFerent times. c SD = d ( X t  - K ) f / ( n  - 1) = 16, 
SE = SO/ . \ / ,  = 7. dThe 95% contidence interval = 262-290 8 e c - I  X lo< 


Barbiturates function as excellent model6 because they break 
down into several compounds-malonuric acids, acetic acids, urea, 
acylureides, diamides, etc. (2-4, 8-11). These products are easily 
separated from the parent molecule by the thin-layer system used 
(5). With some barbiturates, only the parent compound may be 
seen on fluorescent plates under short wavelength UV light. Other 
compounds may be observed using iodine vapor, followed by re- 
moval of the color on heating the TLC plates (2). Urea must be 
visualized in another manner (2). The anionic form of the pyrimi- 
dine ring system is easily extractable from the TLC plates into 0.1 
N NHIOH, which serves as a suitable solvent for many anionic 
substances. Methanol, methanolic hydrochloric acid, and 0.1 N 
HCI serve as eluants for amines and neutral molecules adsorbed 
onto silica gel. 


Figure 3 shows absorbance diminution as a function of time for a 
2-mg/ml solution of phenobarbital in 0.033 N NaOH at  80.4’. The 
spectra represented are typical, and no attempts were made to se- 
lect the best curves for representation. 


Several plots of log absorbance uersus time are given in Fig. 4. 
This figure is a good illustration of the results obtained from the 
thin-layer plates for the various barbiturates. The four barbitu- 
rates examined exemplify most types currently used in therapy 
with regard to the nature of substituents a t  positions 2 and 5. 
There is no reason to expect that all barbiturates normally utilized 
medicinally cannot be analyzed in this manner. 


Problems can arise in these studies when the substrate will not 
dissolve in amounts of 1-2 mg/ml, as occurs with barbiturates as 
the pH approaches pKa (pH S= pKa). In such cases, cosolvents may 
be used. Pseudo- or apparent first-order kinetics hold well in these 
concentrations (2 mg/ml, about 8 X M )  in the cases investi- 
gated. Phenobarbital was run in 1O-I  M solution (Table I) with 
success, although working a t  this concentration was tedious as well 
as somewhat inconvenient. 


When syrups containing relatively large quantities of sugars 
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Figure 3-Absorbance diminution of phenobarbital sodium 
(2 mg/ml )  in  0.033 N NaOH at 80’ with time in  minutes 
(listed on graph). Intact phenobarbital was extracted from 
silica gel thin-layer plates and read in  0.1 N NH40H. See 
Experimental. 
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Figure 4-Apparent first-order plots for hydrolysis of  barbi- 
turate (2 mg/ml)  as a function of time. Reaction was followed 
by loss of absorbance at  specified wavelengths (Table I ) .  Sam- 
ples were eluted from silica. gel thin-layer‘plates as discussed in 
Experimental. Temperature was 80.4’. K e y :  0, butalbital 
sodium, p H  8.5; 0, amobarbital sodium, p H  8.5; and A, 
thiamylal sodium, p H  10.1. 


and/or polyhydric alcohols are analyzed, it may be best to  extract 
the active compound from the aqueous solution into a suitable sol- 
vent for spotting (i.e., chloroform, ether, etc.)  due to difficulties 
encountered in spotting and poor running characteristics of chro- 
matograms of syrups spotted directly without prior extraction. 


The quality of TLC plates used is critical. The plates specified 
under Experimental work satisfactorily.Problems can arise in the 
230-260-nm range, because many plates tend to contain impurities 
that absorb in this spectral region upon elution. A t  higher wave- 
lengths, most commercial plates are acceptable. When absorbance 
occurs, it may be circumvented by predeveloping the plates prior 
to spotting. Caution must be taken when streaking the plate to 
prevent scoring which interferes with proper development. The 
barbiturates generally ran to Rf 0.7-0.8; but when lower amounts 
were streaked (0.134 mg relative to the normally used 0.5 mg), the 
barbiturate phenobarbital ran considerably higher than normal, R, 
0.9+. 
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Determination of 
17-Hydroxycorticosteroids in Human Urine 


W. FEINSTEIN and J. J. SCIARRA 


Abstract 0 A study was undertaken to develop a method that 
could be used as an indication of the absorption of steroids. It was 
demonstrated that 17-hydroxycorticosteroids in urine could be 
quantitatively determined uia absorptivity values obtained 
through the use of standard hydrocortisone-alcohol solutions or 
standard solutions of hydrocortisone in urine utilizing the blue tet- 
razolium assay method. This method is dependent upon the hy- 
drolysis of conjugated urinary steroids by beef liver glucuronidase. 
The resultant concentration of 17-hydroxycorticosteroids is deter- 
mined colorimetrically using blue tetrazolium. 


Keyphrases 0 17-Hydroxycorticosteroids-colorimetric analysis 
in human urine Steroids-colorimetric analysis of 17-hydroxy- 
corticosteroids in human urine 0 Colorimetry-analysis, 17-hy- 
droxycorticosteroids in human urine 


It has been shown by others that significant percu- 
taneous absorption of steroids can take place from 
topical dosage forms. The percutaneous absorption 
that occurred when pharmaceuticals were applied 
over large body areas was investigated (1). The re- 
sults from two patients treated with fluocinolone ace- 
tonide led to the conclusion that the depression of 
urinary steroid excretion was caused by suppression 
of endogenous adrenocorticosteroid production and 
that this suppression was a result of the absorption of 
the drug. One phenomenon associated with the ad- 
ministration of steroids is the decrease in concentra- 
tion of 17-hydroxycorticosteroids in the urine. 


Burch and Migeon (2) stated that this phenome- 
non presumably reflects a partial shutdown of adre- 
nal gland activity because of the absorbed steroid. 
The extent of percutaneous absorption of this drug 
was noted to be dependent upon the lipid solubility 
of the drug. The biotransformation of the topically 
applied steroid to a compound of greater water solu- 
bility was studied by way of the urine concentration 
profiles of measured 17-hydroxycorticosteroids. 


DISCUSSION 


The 17-hydroxycorticosteroids that  occur primarily in urine as 
conjugates of glucuronic acid can be hydrolyzed. Drekter et al. (3) 
developed a simplified method for the determination of urinary 


Table I-Absorbance as a Funct ion of Hydrocortisone 
Concentration in Alcohol a n d  Human Urine 
Using Blue Tetrazolium Assay 


~ ~~ 


Alcohol Human Urine 


Hydro-  
Hydro-  Net cortisone Net 


cortisone, Absorbance Added, Absorbance 
r g / m l  (525 nm) r d m l  (525 nm) 


1.667 0.210 0.62 0.075 
3.333 0.408 1.24 0.150 
5.000 0.620 1.86 0.250 
8.333 1.020 3.10 0.350 


17-ketosteroids by means of acid hydrolysis. They replaced the 
routine aqueous alkali wash with a solid alkali pellet wash to re- 
move urine pigments, such as the acidic, phenolic, and pigmented 
constituents of hydrolyzed urine, which normally interfere with 
the results. Therefore, this technique reduces the blank readings 
significantly. In addition, they found that no interaction occurred 
between the solid sodium hydroxide pellets and the steroids pres- 
ent. 


Several methods for hydrolyzing the steroid conjugates and ex- 
tracting the free compounds were presented (4). It was noted that 
urine contains various reducing agents and the specificity of the 
assay method depends upon the efficiency of the extraction and 
the purification of the extract. The free 17-hydroxycorticosteroids 
resulting from the hydrolysis reaction can then be oxidized with 
sodium iodate or sodium bismuthate on the Czo,Czl-dihydroxy po- 
sition. The evolved formaldehyde then can be determined (5). 


The oxidation reaction also produces 17-ketosteroids, which can 
be analyzed by the modified Zimmermann reaction (the ketoste- 
roids are removed by borohydride reduction to the corresponding 
alcohols). The 17-ketogenic steroids are then oxidized by bismuth- 
ate and the resulting concentrations are determined either directly 
(6) or by the Pettenkoffer reaction (reaction between acetic acid 
solutions and the steroid when treated with furfural and sulfuric 
acid) (7). The normal range of 17-ketosteroids also gives this reac- 
tion. 


The Kober reaction (involving acid hydrolysis, ether extraction, 
separation of ethers by chromatography, colorimetric measure- 
ment, and spectrophotometric correction for interfering chromo- 
genic material) (8) is occasionally utilized for the analysis of free 
17-hydroxycorticosteroids. However, all 17-hydroxyestrogens in- 
terfere with this reaction. 


The only two specific reagents are those used in the Porter-Sil- 
ber reaction (9), in which all 17,21-dihydroxy-20-one type steroids 
give a positive reaction, and the blue tetrazolium reagent (lo), 
which is specific for primary ketol side chains. The Porter-Silber 
reaction requires 18 hr for color development and employs concen- 
trated sulfuric acid to  give increased values for the urine blank de- 
termination. The blue tetrazolium method employs no sulfuric 
acid and takes 90 min for color development (11). 


The quantitative determination of 17-hydroxycorticosteroids in 
urine was studied using beef liver glucuronidase to  hydrolyze con- 
jugated urinary steroids and subsequently treating the sample 
with blue tetrazolium to measure the concentration of 17-hydroxy- 
corticosteroids colorimetrically. 


EXPERIMENTAL 


Test Solutions-For the blue tetrazolium solution, exactly 125 
mg of blue tetrazolium was dissolved in 25 ml of absolute metha- 
nol. For the tetramethylammonium hydroxide test solution, 10 ml 
of a 10% tetramethylammonium hydroxide solution was diluted to 
100 ml with absolute methanol. 


S t anda rd  Preparation-Approximately 100 mg of hydrocorti- 
sone USP, accurately weighed, was dissolved in alcohol USP to 
make exactly 100 ml. Then 1 ml of the solution was diluted to ex- 
actly 100 ml with alcohol. This standard solution contained ap- 
proximately 10 rglml. 


Sample Preparation-Urine specimens were collected from 
normal, healthy adults, and the pH of the urine was immediately 
adjusted to 5.0 with acetic acid. The urine was divided into two 
portions; one portion was retained for use as the untreated speci- 
men. The second portion was subdivided and to each aliquot were 
added varying amounts of hydrocortisone and urine to achieve 
final hydrocortisone concentrations of approximately 0.5, 1, 2, and 
3 pglml. 


Procedure-Aliquots of 2, 4,6, and 10 ml of the standard solu- 
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tion were pipetted into separate 35-ml centrifuge tubes and the 
volume was brought to 10 ml with alcohol. To  each standard solu- 
tion and blank, 1 ml of blue tetrazolium solution was added. The 
tubes were mixed and exactly 1 ml of tetramethylammonium hy- 
droxide test solution was added. The solution was mixed, allowed 
to stand for 90 min, and then placed into 1-cm silica cells. The ab- 
sorbance of each standard solution was read against the blank in a 
suitable spectrophotometer a t  525 nm (Table I). 


Exactly 10 ml of the untreated urine from each specimen was pi- 
petted into three 35-ml centrifuge tubes. A blank was prepared 
with 10 ml of purified water adjusted to pH 5.0 with acetic acid. 
Four milliliters of beef liver glucuronidase solution’ was added to 
each sample and blank. These tubes were mixed, stoppered, and 
incubated overnight a t  37’. After cooling to room temperature, 10 
ml of carbon tetrachloride was added and the tubes were shaken 
for 5 rnin at  very low agitation and centrifuged for 5 min. The 
aqueous phase was transferred to a second 35-ml centrifuge tube, 
and the extraction was repeated with 10 ml of carbon tetracblo- 
ride. 


Twelve milliliters of the aqueous phase was transferred to  a 
125-ml separator, extracted with 50 ml of methylene chloride, and 
allowed to  settle for 30 min. The organic phase was then trans- 
ferred to a 125-ml flask. Thirty pellets of sodium hydroxide were 
added, the flask was shaken for 5 min, and the sample was then al- 
lowed to settle. The solution was filtered through filter paper2 into 
a 50-ml centrifuge tube. 


Twenty milliliters of the filtrate was pipetted into a 35-ml cen- 
trifuge tube and evaporated to  dryness in a water bath a t  30’ with 
the aid of a gentle stream of air. The residue was dissolved in 10 ml 
of alcohol. The sample solutions and their blank were then treated 
with the blue tetrazolium solution and tetramethylammonium hy- 
droxide solution, as indicated for the standard solution; the ab- 
sorbance was read in a similar manner. The hydrocortisone-treated 
urine samples were assayed similarly, starting with the addition of 
the beef liver glucuronidase solution to  10-ml aliquots (Table I). 


RESULTS 


The analytical method (12) used for the determination of 17- 
hydroxycorticosteroids in urine was initially evaluated by adding 
known amounts of hydrocortisone to urine specimens. These eval- 
uations indicated possible difficulties with the method. Therefore, 
this method was modified by omitting the sodium hydroxide back- 
wash, substituting a solid sodium hydroxide wash, and utilizing 
the blue tetrazolium method in place of the Porter-Silber reaction. 
The results of the two standardizations are shown in Table I. 
These data demonstrate that there is no difference between the 
two standardization studies; that is, the absorptivity value for the 
hydrocortisone-blue tetrazolium reaction is essentially identical 
whether the solution is prepared in alcohol or urine. 


Table I1 reports the results on 17-hydroxycorticosteroid recov- 
ery in untreated urine and is based on the absorptivity value calcu- 
lated from the data presented in Table I. These studies demon- 


’ Ketodase solution (5000 Fishman unitshl) ,  General Diagnostics, Divi- 


‘L Whatman No. 4. 
sion of Warner-Lambert Co., Morris Plains, N.J. 


Table 11-17-Hydroxycorticosteroid Levels of 
Randomly Taken  Urine Samples from Selected Subjects 


Net 17-Hydroxycor- 
_ _  Urine  Absorb- ticosteroid 


Sub-  Voided, ance 
ject ml (525 nm) pg/ml mg/500ml  


A (am). 105 0.780 6 . 3 3  3 .17  
B (urn) 300 0.280 2 . 2 7  1 . 1 4  
c (imj 270 0 .570  4 . 6 2  2 .31  


250 0 .192  1 . 5 6  0 . 7 8  
75 0.800 6 . 4 9  3 .25  


3 .25  F (pml 50 0.800 6 . 4 9  


D (pm) 
E (am) 


a Time of urine collection appears in parentheses. 


strate that 17-hydroxycorticosteroids in untreated human urine 
can be quantitatively determined via absorptivity values obtained 
through the use of standard hydrocortisone-alcohol solutions or 
standard solutions of hydrocortisone in urine. 
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OPEN FORUM 


Antiviral Activity of Hederin 
A recent communication by G. S. Rao e t  al.’ mentioned that 


antiviral activity has not been previously reported for the 
triterpenoid saponins. However, an article, “La Hederina, Un 
Nuevo Antibiotico” (Hederin, A New Antibiotic), by A. I. 
Calabrese was published in 1949* and is listed in the Quarterly 
Cumulatiue Index Medicus (1949, p. 233). Hederin was the subject 
of my thesis for the Professor degree in toxicology a t  the 
University of Buenos Aires, Faculty of Medicine, in which I 
described its pharmacological, bactericidal, virostatic, antitumor, 
and toxicological activity. 


Albert0 I. Calabrese 
Facultad de Medicina 
Universidad de Buenos Aires 
Buenos Aires, Argentina 
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Bioeq uivalen cy and Noise 
The September 1974 issue of the Journal includes an editorial 


by the Managing Editor emphasizing his “shock and dismay” upon 
reading the Report of the Drug Bioequivalence Study Panel to the 


Office of Technology Assessment. The symptoms of shock are 
quite evident in the absence of encephalographic tracings by 
simply noting the extensive choice of such melodramatic 
expressions as “blast,” “frenzy,” “vicious,” etc. Since editors 
suffer a great deal from the abuse of language by contributors, we 
need not pay too much attention to this emotional display except 
for the inclusion of a speculation to the effect that  the members of 
the Panel conspired to attack the official compendia as a strategic 
means of undermining the general (s ic )  assessment of drug 
equivalency as expressed by the HEW Task Force on Prescription 
Drugs and others-not omitting the author of the editorial 
himself. 


Perhaps the conspiratorial climate of the nation’s capital, 
amplified by the continuing Watergate scenario, has managed to 
penetrate the pharmaceutical bastion on Constitution Avenue. 
The members of the Panel are all distinguished medical and 
pharmaceutical scientists who, no matter how faulty or correct 
their recommendations will prove to be, are blatantly slandered by 
such speculation-and all the more so since it appears in a 
reputable scientific journal. 


welcome touch of wry amusement in a Journal that  rarely raises a 
smile when he informs us that the APhA has complained about the 
Academy of Pharmaceutical Sciences “speaking the wrong 
language and shouting besides.” Time will inevitably tell us who 
was speaking the wrong language concerning the important issue 
of bioequivalency but as to who was guilty of shouting, we no 
longer need to wait. 


One issue later, in October, the same editorialist provides a 
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Theoretical Considerations on Mononuclear 
Aggregations of Mixed Nucleosides in Dilute Aqueous 
Solutions Based upon Osmometric Measurements 


HANNA N. BORAZAN 


Abstract A theory is presented based on experimental work re- 
porting shifts in the critical micelle-like concentrations of nucleo- 
sides and caffeine. An increase in these concentrations by multiple 
integers (called complexing capacity numbers) of the concentra- 
tion of the vehicle compound, whose concentration was fixed, was 
observed for substances that tend to form complexes with each 
other and with some other compounds and to self-associate as well 
when their concentrations are varied. The physical model present- 
ed assumes the significance of the potential hydrogen bonding 
sites in determining the mode of aggregation as well as the magni- 
tude of these complexing capacity numbers. This assumption was 
verified experimentally when reducing the hydrogen bonding by 
using 1,3-dimethyluracil. The mathematical model hypothesized 
has provided a means for calculating equilibrium constants for 
various consecutive processes as well as other quantities of theo- 
retical interest. 


Keyphrases Nucleosides, mixed-mononuclear aggregations, 
dilute aqueous solutions, osmometric measurements, theoretical 
considerations Aggregations, mononuclear-mixed nucleosides, 
dilute aqueous solutions, osmometric measurements, theoretical 
considerations Complexing capacity numbers-theoretical con- 
siderations, mononuclear aggregations of mixed nucleosides in di- 
lute aqueous solutions based upon osmometric measurements 


Goyan and Borazan (1) used an improved thermo- 
electric osmometer to study the colligative properties 
of dilute aqueous solutions containing caffeine and 
various substances of pharmaceutical interest. When 
a colligative property was plotted uersus total molal 
concentration of caffeine (variable substance), pure 
or mixed with another substance kept a t  constant 
concentration (vehicle compound), two linear slopes 
could be used to represent all of the data. The points 
of break were referred to as the critical concentra- 
tions and were reported in each case. 


The first slope of pure caffeine solution, expressed 
in terms of AR had a value similar to that de- 
termined for sucrose, indicating a monomeric behav- 
ior; a lower value was found for the second slope. 
Lower values were reported for both slopes of caf- 
feine in the presence of a fixed concentration of a sec- 
ond substance which was used as a vehicle. 


These critical concentrations were shifted to high- 
er values on the molal scale of caffeine in the pres- 
ence of a vehicle (1). When this increment in the crit- 
ical concentration was divided by the vehicle concen- 
tration, a quotient approaching a simple integer was 
obtained. The investigators referred to these integers 
as the complexing capacity numbers; these numbers 
were assumed to be related to the stoichiometry of 
the complex. Later, the existence of the effect was 
confirmed with some biologically active nucleosides 
(2, 3), few of which were reported previously to form 
complexes and to self-associate (4,5). 


The purpose of this paper is to present theoretical, 


physical, and mathematical considerations that shed 
some light upon the origin of the shift in these criti- 
cal micelle-like concentrations and the mechanism of 
the formation of these complexing capacity numbers. 


EXPERIMENTAL 


Instrumentation-The vapor phase thermoelectric osmometer 
used was described previously (1, 6-8). The measured colligative 
property is expressed in terms of m, the difference between the 
resistances of the measuring thermistor when in contact with pure 
solvent and when in contact with the sample under study for a 
given molal concentration. 


Solutions-Solutions were prepared with distilled water on a 
molal basis. 2’-Deoxyguanosine’, 1,3-dimethyluraci11, and 2’-deox- 
yadenosine2 were obtained commercially. An assay for the percent- 
age of water was made by drying over phosphorus pentoxide in a 
vacuum drying apparatus at the boiling point of absolute alcohol. 
This percentage was used to correct the weight of solid chemicals 
when preparing various concentrations. 


Reagent grade sucrose crystals3 were used to prepare the solu- 
tions used as the reference standard. 


Standardization-The method was fully described previously 
(1-3). A value of 923.7 ohms/molal for the slope of the standard so- 
lution of sucrose is used for this work. 


THEORY 


T o  explain the origin of the shift in the critical micelle-like con- 
centrations (1-3), the inhibition of self-association of the variable 
compound by a certain multiple integer of the vehicle concentra- 
tion was investigated as a possible mechanism. 


Pyrimidine Nucleosides-According to Table I, the self-asso- 
ciation of pyrimidine nucleosides is modified by purine and pyrim- 
idine nucleosides. When 2’-deoxyadenosine is used as a vehicle (3) 
(Table I), complexing capacity numbers of 6,6, and 9 are obtained 
with thymidine, cytidine, and uridine, respectively, when they are 
used as variables. When 2’-deoxyguanosine is used as a vehicle, 
complexing capacity numbers of 7, 7, and 9 are obtained from 
these nucleosides, respectively, when they are used as variables. 


A reasonable hypothesis is that  these numbers represent the av- 
erage number of molecules involved with one molecule of vehicle 
before the self-association takes place. The low bonding energy 
rules out firm complex formation and indicates that attachments 
must be regarded as arising from second-order effects. On the basis 
of this hypothesis, one can construct a model showing the possible 
orientation of these pyrimidine nucleosides relative to purine nu- 
cleosides. The model cannot represent a fixed structure but should 
show the most probable mode of aggregation having the lowest 
possible energy due to configuration. However, a comparison of the 
possible binding sites with the calculated complexing capacity 
numbers (Table I) provides clear evidence that there is some corre- 
lation between the possible potential hydrogen bonding sites and 
the arrangement of the molecules in solution. 


Based on NMR data, Schweizer e t  al. (9) suggested the break- 
down of purine and pyrimidine aggregates by pyrimidine nucleo- 
sides and/or their insertion between the purine stacks; a high con- 
centration of purine was used. More recently, Raszka and Kaplan 


’ Nutritional Biochemicals. 
2 General Biochemicals. 
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Table I-Comparison between the Number of 
Binding Sites on the Vehicle Molecule Relative t o  
Variable Used and the Complexing Capacity 
Numbers with the Variable Molecule for 
Different Combinations of Nucleosidea 


Number of 
Binding 
Sites on 
Vehicle Complexing 


Molecule Capacity 
Relative t o  Numbers 


Variable with 
Var iable-Vehicl e Used Variables" 


2'-Deoxyadenosine-thymidine 
(0.02 M )  
\ - - - -  ~- 


2'-Deoxyadenosine-uidine 


2'-Deoxsadenosine-2'- 
(0.02 M) 


deoxyguanosine (0.01 M) 
2 '-Deoxyguanosine-cy tidine 


(0.003 M\ 
- . - I  


2'-Deoxyguanosine-2 I -  


Uridine-2'-deoxyadenosine 


Uridine-2'-deoxyguanosine 


Cytidine-thymidine 


deoxyadenosine (0.003 M) 


(0.015 M) 


(0.012 M) 


(0.03 M )  
Cytidine-2'-deoxyadenosine 


C ytidine-2 '-deoxyguanosine 


Thymidine-2 '-deoxyguano- 


(0.015 M) 


(0.012 M) 


sine (0.012 M )  
Thymidine-2 '-deoxyadenosine 


Thymidine-cytidine 


1.3-Dimethvluracil-2 '- 


(0.015 M) 


(0.02 M )  


' deoxyade-nosine (0.015 M) 


deoxyguanosine (0.012 M) 
1,3-Dimethyluracil-2 '- 


4 


4 


.7 


5 


6 


6 


7 


4 


6 


7 


7 


6 


5 


2 


3 


1 


1 


4 


1 


3 


9 


9 


4 


6 


7 


7 


6 


3 


2 


3 


a Figurea are approximate and were rounded to integers. They were calcu- 
lated according to data taken from Ref. 3 and Table 111. 


(10) obtained evidence for association by hydrogen bonding of mo- 
nonucleotides in aqueous solution based upon high-resolution 
PMR spectroscopy (220 MHz). The absence of self-association in 
water of some purine and pyrimidine base derivatives also was re- 
ported (11). On these bases, it is proposed that a spherical orienta- 
tion might occur in which a purine nucleoside serves as a template 
surrounded by the smaller pyrimidine nucleosides so that the sur- 
rounding nucleosides orient themselves in the least hindered way. 
This orientation possibly can be by way of partial parallel stacking 
of their bases, with the ribose or deoxyribose directed away from 
the template molecule. 


This picture is somewhat similar to that proposed for the mode 
of stacking of pyrimidine nucleosides based upon their osmometric 
measurements (9), and it is well illustrated in the model4 shown in 
Fig. 1. The thymidine molecules are crowded around the template 
molecule and appear in a similar (but partial) way to the average 
parallel stacking of pyrimidine nucleosides (12). The potential hy- 
drogen bonding sites also seem to play a role in directing the mode 
of aggregation of the nucleosides around the template a t  a distance 
of 3-4 8, (13) from each other. 


Many factors seem to account for the smaller complexing capac- 
ity numbers associated with the inhibition of self-association of 
the pyrimidine nucleosides by other pyrimidines. These factors in- 
clude the lack of aromaticity, the smaller size, the difference in ste- 
ric effects, the smaller number of potential hydrogen bonding sites 
(Table I), and the differences in other physicochemical properties 
(14, 15). 


Purine Nucleosides-The mechanism of inhibition of self-as- 


Figure 1-Model representing hypothetical aggregation: a 
pictorial repmentation of a space-filling model showing the 
way the potential hydrogen bonding directs the mode of ag- 
gregation most effectively around the template @'-deoxyadeno- 
sine). In  reality, it is not a fixed rigid structure but a rather 
dynamic situation. The surrounding molecules (thymidine) 
crowd around the template molecule in such a dynamic way that 
an average partial parallel stacking is implied from this 
dynamic state. Approximate overall dimensions are 28 X 21 
A. 


sociation and the mode of aggregation of the purine nucleosides in- 
duced by other purine or pyrimidine nucleosides seem very similar 
to those described for pyrimidine nucleosides. The differences ob- 
served in the complexing capacity numbers can be accounted for 
on the same basis (Table I). The orientation of purine nucleo- 
sides around another purine nucleoside, which serves as a tem- 
plate, seems to be similar to that described previously. The partial 
average parallel stacking (16) is also proposed. Several investiga- 
tors (5, 17, 18) confirmed that the stacking is similar to the r-com- 
plex of benzene in chloroform (19, 20). However, the picture is not 
simple; the model presented represents the orientation in an infi- 
nitely small amount of time. Rapid exchange of bases and nucleo- 
sides has been reported ( 5 ) ,  in connection with the break and refor- 
mation of the stacks, because the free energy of self-association 
and of complex formation is of the order of magnitude of the ther- 
mal kinetic energy (4,5, 15.21-24). 


These results are in agreement with those presented by Jardetz- 
ky (12) for bases of purine and pyrimidine derivatives: ". . . that 
the rate of exchange of bases between the stacks and the free state 
is of an order of magnitude comparable to the rate of diffusion. 
Thus, the forces responsible for 'hydrophobic' bonding of nucleic 
acid bases appear to be sufficient to produce some preferred orien- 
tation of the bases in solution, but insufficient to maintain stable 
rigid arrays." This conclusion, from NMR studies, is in agreement 
with the dynamic picture hypothesized here of the absence of sta- 
ble discrete complexes and the presence of aggregates, spherically 
oriented, in a dynamic state. 


According to suggested models (5, 25, 26) and theoretical calcu- 
lations (27). all Dossible orientations could exist. The lifetime is so - .  - 
short for each, about sec (121, that what one deduces from 


of the entire dynamic picture. The contribution of one form might 
' Overall dimensions were measured using CPK atomic models, Schwarz NMR or other physical measurements is an average phenomenon 
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Figure %--Plot of AR in ohms versus mold concentration of 
1,3-dimethylumil. A m w  indicates displacement by 10 ohms 
to avoid crowding. 


be different from that of another because of various factors, in- 
cluding those that are inherent in the molecules themselves, such 
as size, aromaticity, polarizability, polarity, potential hydrogen 
bonding sites, and other physicochemical properties (14, 15). 


The concentrations used for the study of self-association were 
all 0.1 molal and lower; the nucleoside mixtures were all 0.2 molal 
and lower (2,3). Very dilute solutions were preferred over concen- 
trated solutions to trace this effect and also to obtain a better pic- 
ture of the behavior. Use of concentrated solutions could put con- 
straints on the system and force one process over the other with 
the result that the actual picture could be deformed. 


The present dynamic theory of these complexes is not in conflict 
with previous work on stacking but merely suggests that  the po- 
tential hydrogen bonding, if present, might play a role in directing 
the mode of stacks of these aggregates, which are in a dynamic 
state. However, it is a reasonable hypothesis that  the magnitude of 
the number of the potential hydrogen bonding sites can determine 
the total number of monomers in each aggregate (including both 
the bonded and nonbonded species), based upon the complexing 
capacity numbers each has with other similar base derivatives, i.e., 
purine-purine and pyrimidine-pyrimidine. On these bases, the 
numbers in Table I1 are assigned for the nucleosides studied. 


Based upon the physical interpretations of the described effect, 
the following mathematical model is proposed for calculating equi- 
librium constants for the multiple processes of mononuclear aggre- 
gation around a solute molecule: 


A + B = A B  
AB + B = AB, 


A B J - ,  + B = AB, 


AB,, + B = AB,  (Eq. 1) 


If the variable substance self-associates too, then: 


B + B = B ,  
B, + B = B3 


Bi + B = B,+1 


B,  + B = B,, (Eq. 2)  


In the presented models, it is assumed that no interactions 
among mixed and homogeneous associates, ABj and Bi, respective- 
ly, take place; that  the vehicle compound, A, does not self-asso- 
ciate; and that the binding sites on the nucleus molecule, A,  for 


heterogeneous association processes are dependent and nonequiva- 
lent, i .e.,  the binding of a free B to A can influence the binding of 
another B to the same nucleus. 


Where z and u are the maximum numbers of multiple equilibria, 
the corresponding equilibrium constants will be: 


By substituting for (AB) of Eq. 3 into Eq. 4 


(A&) = K,K,(A)(B)'  


If the same technique of substitution is carried out: 


According to Eq. 1, the total concentration of the vehicle, (Ad, can 
be expressed: 


(A,,) = ( A )  + ( A B )  + (A&) + ( A B J  + .. . + (AB, )  
+ . . . + (AB,) (Eq. 14u) 


(AJ = ( A )  + k ( A B J )  


By combining Eqs. 12, 14a, and 14b: 


1-1 


where: 


J 


n K ,  = K,K2  ... K ,  (Eq. 15c) 
1-1 


The total concentration of the variable, (Bd, can be defined as 
follows: 


( B , )  = ( B )  + ( A B )  + 2(AB,) + .  .. + J A B , )  + ... + z (AB. )  + 
2(B2) + 3(Bj) + ... + ( I  + l)(B,+,)  + ... + (a + l)(B,,+l) (Eq. 16) 


(B,) = ( B )  + ~ A A B , )  + Acl + I ) (B~+J  (Eq. 17) 


Both (AB,) and ( B l + l )  can be substituted by their corresponding 
expressions (Eqs. 12 and 13, respectively) in Eq. 17: 


1-1 1-1 


(BO) = ( B )  + ~ ( ~ ~ K ~ ) ( A ) ( E ) J  1-1 1-1 + e(i , -1  + i ) ( $ p , ) ( ~ i + l  
0%. 18) 


Osmolal concentration, (Mj, can be measured experimentally and 
defined according to the model presented: 


(R) = ( A )  + ( B )  + ( A B )  + (A&) + ... + ( A B , )  + ... + 


(m) = ( A )  + ( B )  + g ( A B , )  + e ( B z + , )  


( A B , )  + (B,) + ( B , )  + ... + ('Bz+l) + ... + (B,,+,) (Eq. 19a) 


(Eq. 196) 
J=1 , -1 
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Table 11-Possible Number of Molecules in 
Each Aggregate 


Nucleoside 


~ ~~ 


Monomers in 
Aggregate 


Set: 


2 '-Deoxyadenosine 
2 '-Deoxyguanosine 
Thymidine 
Cytidine 


4 
5 
5 
4 


Then: 


The experimental slopes reported previously (1-3) and in this 
work (Table I1 and Fig. 2 ) ,  which are expressed in terms of ARl 
AM, can be converted to osmolal slopes by dividing by a slope of 
an ideal substance expressed in the same units. The sucrose slope 
is used for this purpose. It can be calculated from measurements of 
a colligative property, AR, at concentrations lower than 0.2 molal 
(2,3,8).  


By the application of simple analytical geometry, the first linear 
osmolal slopes of mixed nucleosides in water can be expressed: 


(w) - (A,) - (a) - (AJ - first experimental slope - - 
(B,) - 0 (Bn) sucrose sloDe Sl = 


(Eq. 20a ) 


(Eq. 2Ob) 


Then se t  


(Eq. 22) 


and: 


Substituting for CP of Eq. 21, aqla(B) of Eq. 24, and aCPla(B) of Eq. 
22 into Eq. 20: 


If one assumes that the self-association is inhibited at  molal ra- 
tios of variable to vehicle of less than their corresponding com- 
plexing capacity numbers, according to the theory presented, then 
the function CP and its derivative aCP/a(B) should vanish; Eq. 25 
then reduces to: 


By manipulating Eq. 26, the following can be written: 


Combining Eqs. 23,15a, 156, and 15c: 


(%)& =\I, 


cs) = a, = constant 


a* a,- =\I, a( B )  


(Eq. 28a)  


(Eq. 29) 


(Eq. 30) 


This partial differential equation has the following solution: 


(constant) (Eq. 31) q, = eIRt 'c t s  


While the constant has a value of 1, one may expand the function 
4 in the usual manner. By equating it with Eq. 23: 


= 1 + K , ( B )  + K , K , ( B Y  + ... + K,  ... K,(B)'  + .. .  + 
K, . .. K,(B)I (Eq. 3 % ~ )  


( B )  1 ( B )  1 ( B ) '  
9 = 1 + - + - -  ( ) + ... ;c$) + ... &-) + a, 2! a,  


For large values of z and for low concentrations of B,  the following 
can be set by excluding terms of higher order than z: 


K, = l /a,  
K, = 1/2a, 
K, = llja, 
K ,  = l /za,  


Accordingly, the constant 0 1 ~  will be referred to as the progression 
constant. 


Calculations-The first slope, S1, and the predetermined con- 
centrations can be used to calculate the concentrations of various 
molecular species, osmotic coefficients, according to the following 
calculations. 


Free Vehicle Concentration-Substituting for (B) of Eq. 26 into 
Eq. 31: 


(Ea. 34) ,p e<l-Sr~fHoMA"l 


Then by setting: 


(B,)/(Aa) = Y (Eq. 35) 


and combining Eqs. 34 and 28: 


(Eq. 36) -,I IkS, I 
( A )  = (A& 


Concentration of ABj-The concentration of AB, is found by 
using Eqs. 26 and 35: 


( B )  = SiY(A0) (Eq. 37)  


Then, according to Eq. 33: 


One may substitute for (A)  of Eq. 36, (B) of Eq. 37, and the 
product of K's to calculate the concentration of ABj according to 
Eq. 12: 


(AB,)  = (A,JX (1 - Sl)'e-)'""'' (Eq. 39) J! 


Calculated Osmolal concentration-In the absence of self-asso- and substituting into Eq. 27: 
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Table 111-Data Falling on Two Linear Slopes” 


Inter- First Critical Second 
ceptb, Slope, Concen- Slope, 


A R /  AM Variable Vehicle ohms A R / A M  tration 
~~ 


1,3-Dimethyluracil Water 0 . 0 3  9 2 1 . 8  0.068 830 .O  
1,3-Dimethyluracil 2’-Deoxyadenosine (0.015 M )  1 3 . 8 6  859.5 0 .0987 7 3 6 . 1  
1.3-Dimethyluracil 2’-Deoxyguanosine (0.012 M )  1 1 . 0 6  866 .O  0.1015 7 2 3 . 9  


Measurements were a t  2 5 O .  b The intercepta are  not experimental points. 


ciation, the calculated osmolal concentration can be obtained by 
substitution for (A)  of Eq. 36, (B) of Eq. 26, and the concentration 
of ABj of Eq. 39 into Eq. 19: 


Osmotic Coefficient-The osmotic coefficient, 6, can be defined 
as the ratio of osmolal to the total molal concentrations. Thus: 


l#J = (R)fi(Ao) + (B,)1 (Eq. 41) 


The following relationship can be arrived a t  by substituting for 
each term in Eq. 41: 


4 = [SIY + lI/[Y + 11 (Eq. 42) 


RESULTS AND DISCUSSION 


The experimental results obtained seem to fit the previous 
treatment for caffeine and nucleosides (1-3). Two linear slopes can 
also be used to express all of the data obtained, with AR as the or- 
dinate and molal concentration as the abscissa. 


Table 111 shows slopes, critical concentrations, and intercepts; 
the slopes pass through all points within the limits of experimental 
error and were calculated by the method of least squares. Table 111 
also shows that these critical concentrations are shifted as a func- 
tion of the nature and concentration of the vehicle used in much 
the same way as for caffeine and nucleosides (1-3). 


Figure 2 shows clearly the shift along the variable molal scale. In 
each case, the amount of shift on the variable molal scale from that 
determined in pure water divided by the Concentration of the vehi- 
cle used gave a certain number that also approaches an integer 
(Table I). 


The importance of the potential hydrogen bonding sites in es- 
tablishing the mode of aggregation is clearly indicated by the ob- 
servation (Table I) that reducing the hydrogen bonding by using 
1,3-dimethyluracil also reduces the complexing capacity numbers 
to 2 and 3 for 2’-deoxyadenosine and 2‘-deoxyguanosine, respec- 
tively, when they are used as vehicles. 


Borazan (2) and Borazan and Goyan (3) considered errors in 
standard and sample slopes which when combined introduced er- 
rors of about 1.0% in the osmotic coefficients. Accordingly, the pro- 


Table IV-Data Fall ing on a Linear Slope of 
Aqueous Solutions of Caffeinea 


First Progression 
Slopeb, Constantc ,  a,  


Variable Vehicle AR/AM (molal), % 


Caffeine p-Aminobenzoic acid 743 0 .0268  f 9 


Caffeine p-Aminobenzoic acid 659 0 .0295  =k 6 


Caffeine p-Aminobenzoic acid 605 0 ,0328 f 4 . 5  


(0.005 M) 


(0.010 M )  


(0 .015 M) 


a Measurements were at 26O. Data taken from Ref. 1. Progresaion con- 
stant = (first slope X vehicle concentration)/(sucrose slope - first slope), 
according to Eq. 29. Sucrose slope has a value of 882 in connection with this 
work. 


gression constants calculated according to Eq. 29 are reported with 
percentage uncertainty in each case. 


Inspection of Table IV shows that by increasing the initial con- 
centrations of the vehicle compound threefold, a slight increase in 
the values of the progression constant is produced. This increase is 
considered slightly above the values that can be accounted for on 
the basis of random error. A reasonable explanation for this find- 
ing is the various approximations made in the derivations such as 
the approximations made in deriving various equilibrium con- 
stants from Eq. 33. Also, empirical assumptions were made in the 
presented models, such as ignoring interactions among various as- 
sociated forms. However, the results presented in Table IV are 
considered satisfactory and in agreement with the prediction of 
the equations. 


The data of Borazan and Goyan (3) and of Table I11 of this work 
provided information used to calculate progression constants, a=, 
for the equilibrium constants (Table V). Equilibrium constants 
can be calculated from osmolal slopes, determined from experi- 
mental data, using a simple mathematical model: 


A + B = A B  (Eq. 43) 


(Eq. 44) 


where (A)  and (B) are the concentrations of the free reactants, and 
( 4 B )  represents the concentration of the complex. The osmolal, 
( M ) ,  and the total molal, (M) ,  concentrations are then: 


(R) = ( A )  + ( B )  + ( A B )  
( M )  = ( A )  + ( B )  + Z A B )  


(Eq. 45) 
(Eq. 46) 


By subtracting Eq. 45 from Eq. 46: 


( A B )  = ( M )  - (Eq. 47) 


(&f) can be determined from experimental slopes (1-3) (Tables 111 
and IV) after dividing by the sucrose slope to get the first osmolal 
slopes, SI, by the following relationship: 


(R) = S 1 ( B , )  + (Al) (Eq. 48) 


while: 


( M )  = (A,) + ( B J  (Eq. 49) 


By substituting for the osmolal and the total molal concentrations 
into Eq. 47: 


(AB)  = (B,J - S,(B,,)  (Eq. 50) 


The free reactant species can be expressed as: 


By substituting for (AB) of Eq. 50 into Eqs. 51 and 52: 


Thus, Eq. 44 can be expressed in terms of measurable quantities as 
follows: 
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Table V-Equilibrium Constants Calculated According t o  Eq.  55, for Different (Bo)/(Ao) Ratios  and  the First 
Equilibrium Constants ( K l )  Calculated from the  Progreasion Constanta (a,) by Eq. 33, Together with the  
Standard Free Energies Based upon KI for Different Variable-Vehicle Nucleoside Combinations* 


K ,  K ,  
(Bo) / (-40) molal --1 (Bo)l(Ao) molal-1 


Thymidine-2’-Deoxyadenosine (0.016 M )  
0 . 1  
0 .5  
1 .o 


12.25 
13.07 
14.23 


1.33 15.10 
2 .o 17.40 
3.0 22.40 
4 .O 42.40 
5 . O  51.75 
6 . O  146.30 


a, = 0.083 f 6.5% molal; KI = 12.04 mold-1; and  AGO = 
- 1490 cal/mole 


2’-Deoxyadenosine-Thymidine (0.02 M) 
0.1 17.35 
1 .o 22.60 


- 1690 cal/mole 
2’-Deoxyadenosine-Uridine (0.02 M) 


0.1 10.4 
1 .o 12.3 


- 1400 cal/mole 
2’-Deoxyadenosine-2’-Deoxyguanosine (0.01 M) 


a, = 0.0593 f 4% molal; K1 = 16.84 molal-l; and AGO = 


aC = 0.097 f 6% molal; Kt = 10.30 molal-I; and AGO = 


0.1 
4 .O 


38.6 
82.6 


ac = 0.0267 + 3.5% molal; K1 = 37.45 and  AGO = 
- 2170 cal/mole 


2’-Deoxyguanosine-Cytidine (0.003 M) 
0 . 1  10.30 
1 .o 10.60 


aC = 0.097 =k 40% molal; K1 = 10.30 molal-I; and AGO = 
- 1400 cal/mole 


2’-Deoxyguanosine-2’-Deoxyadenosine (0.003 M) 
0 . 1  38 . O  
1 .o 40.2 
3 .O 51.3 


ae = 0.0276 f 10% molal; K I  = 36.50molal-1; and AGO = 
- 2160 cal/mole 


Uridine-2’-Deoxyadenosine (0.015 M) 
0 . 1  10.5 
5 .O 32.8 


aC = 0.0962 + 7.5% molal; K 1  = 10.40 molal-I; and AGO = 
- 1405 cal/mole 


Uridine-2’-Deoxyguanosine (0.012 M )  
0 .1  7.80 
5 .O 13.43 


ac = 0.129 f 12.5% molal; K I  = 7.75 molal-1; and AGO = 
- 1227 cal/mole 


Cytidine-Thymidine (0.02 M) 
0 . 1  4.68 
4 . O  7.05 


a, = 0.215 f 12% molal; K1 = 4.65 molal-I; and AGO = 
- 923 cal/mole 


Cytidine-2’-Deoxyadenosine (0.015 M) 
0 .1  10.10 
5 .O 28.46 


a, = 0.1005 f 8% mold;  K1 = 9.96 molal-1; and AGO = 
- 1380 cal/mole 


Cytidine-2’-Deoxyguanosine (0.012 M )  
0 . 1  9.02 
5 .O 17.40 


a, = 0.1105 f 10.5% molal; K1 = 9.04molal-I; and AGO = 
- 1320 cal/mole 


Thymidine-2’-Deoxyguanosine (0.012 M) 
0 . 1  11.86 
5 .O 30.40 


a, = 0.0855 f 8% molal; K1 = 11.7 molal-I; and AGO = 
- 1475 cal/mole 


Thymidine-Cytidine (0.02 M) 
ac = 0.2127 f 12% molal; K1 = 4.7 molal-I; and AGO = 


- 927 cal/mole 


1,3 -Dimethyluracil-2’-Deoxyadenosine (0.015 M) 
0.1 5.05 
2 .o 5.83 


a, = 0.201 f 14.5% molal; K1 = 4.97 rnolalk1; and AGO = 
-960 cal/mole 


1,3-Dimethyluracil-2’-Deoxyguanosine (0.012 M) 
0 . 1  5.60 
3 . O  7.03 


- 1027 cal/mole 
ac = 0.181 f 16% molal; KI = 5.52 molal-1; and AGO = 


a Calculated from data taken from Ref. 3 and Table I11 (for the combinations containing 1,3-dimethyluracil). Measurements were at 25”. 


It is obvious from this relationship that, for slopes approaching 
unity and for low values of (Ba)/(Aa), Eq. 55 reduces to: 


This is essentially the same result obtained in calculating the first 
equilibrium constant from the model presented in Eq. 1. There- 
fore, one would not be surprised when getting different values of K 
from Eq. 55 along the molal scale of the variable compound (Table 
V). The magnitude of the K values increases with the increase in 
the total molal concentration of the variable compound, (Ba), 
while approaching K1 values calculated from Eqs. 29 and 33 at a 
molal ratio of (Ba)/(Aa) of less than 0.1. 


These results indicate the significance of a simple equilibrium 
situation a t  low ratios of (Ba)/(Aa). Thus, the linear experimental 
slopes indicate a rather complex equilibrium and a formation of 
complexes having stoichiometry different from 1:l. 


One can also verify the validity of the derived equations and 
their consistency with experimental results by considering Eq. 40. 
For large values of z, the summation of terms in this equation ap- 
proaches ey(l-sl); thus: 


(E4. 57) 


and (m)calc equals osmolal concentration determined from the 
first osmolal slopes by the process of application of simple analyti- 
cal geometry, i.e., Sl(Ba) + (Ad. 


Another test for the validity of the derived relationships, a, 
(Table V), is found to  have approximately the same values in most 
cases studied, within the limits of accuracy, for the same combina- 
tion when each is used as a variable and a vehicle. 


According to the equilibrium constants calculated (Table V), the 
order of nucleoside heterogeneous association is as follows: purine- 
purine > purine-pyrimidine > pyrimidine-pyrimidine. This order 
is in agreement with previous findings (4,13,21). 


Based upon configurational probabilities, Borazan (28) demon- 
strated that the self-association processes can induce identical, in- 
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dependent, and equivalent binding sites and that the overall equi- 
librium constants are all related to an intrinsic binding constant 
such that the following holds: 


i 
P, = ( m ) k  


where fli is the overall equilibrium constant for the i th  process, k is 
the intrinsic binding constant, and u is the maximum number of 
association processes. Experimental curves were all generated ac- 
cording to the model. 


The first equilibrium constants were smaller than the last in all 
cases studied and were the smallest constants for the heterogene- 
ous association processes, based upon the assumption that the 
complexing capacity numbers determine the maximum number of 
multiple association processes. These results are consistent with 
the inhibition of the normal pattern of self-association hypothe- 
sized below a certain threshold concentration. 


CONCLUSION 


The theory presented in this paper gives physical and mathe- 
matical interpretations concerning the origin and the mechanism 
of the shift in the critical micelle-like concentrations of the nu- 
cleosides, whose concentrations are varied in the presence of a 
fixed concentration of another reacting nucleoside. 


The theory was verified experimentally and found to be consis- 
tent with the inhibition of self-association of the compounds used 
in excess at  variable-vehicle molal ratios equal to  or less than their 
corresponding complexing capacity numbers. 


A relationship was found between the number of the binding 
sites on the vehicle molecules and the magnitude of these num- 
bers. Equilibrium constants for various mononuclear association 
processes are all related to one constant and their corresponding 
coordination number. 


The present work has provided a tool for calculating concentra- 
tions of various molecular species which might otherwise be almost 
impossible to determine for such weak complexes. Other functions 
of theoretical interest can be determined from a measurable quan- 
tity, the slope of the curve when plotting osmolal versus molal con- 
centrations, and predetermined concentrations. 


Finally, it is hoped that the concept of the complexing capacity 
numbers and the determination of these numbers will add another 
thermodynamic parameter to the dimension of weak complexation 
problems. 
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where the prime denotes the vector transpose. Then: 
x(5T) = Gx*(4T) (El. 35) 


With this approach, i t  is clear that we can write easily 
the equations for nonuniform multiple dosing into 
each compartment, so that in general we have: 


x[ (n  + 1)T] = Gx*(nT) (Es. 36) 
As a check, we used the Continuous System Mod- 


eling Program (6) to integrate Eq. 20 numerically 
with the arguments of the example. The output plots 
are shown in Figs. 1-3. Plots of the solution of Eq. 20 
can also be obtained by use of an analog computer, 
provided that one has a multiple-dose generator as 
described by Howell (7). 


(1) P. J. Niebergall, E. G. Sugita, and R. L. Schnaare, J.  Pharm. 


0 0.2 0.4 0.6 0.8 1.0 
TIME 


Figure 3-Dose fraction i n  Compartment 3 as a function of 
time. 


partment model, even though K is nonsymmetric. 
Let pi be the real eigenvector of K associated with Xi, 
where P = (PI, p2, . . . , p,) and P-’ is the inverse of 
P. Then the solution of Eq. 2 can be written: 


x = P D P - ~ x ~ ,  = x b , p ,  exp ( X , t )  (Eq. 27) 


where b = P-lxo. Thus, Eq. 24 can be written in 
terms of scalar exponentials, but the notation is cum- 
bersome. 


To evaluate x for plotting, let G = exp (KT), 
where T is a sufficiently small increment of time, say 
0.1 in this example. Calculate G once and for all by 
using Eq. 13 to get: 


,-I  


.3679 .oooO 0. 
G = ( ,5966 ,9048 0. ) (Eq.28) 


.0355 .0952 1. 


or by using the eigenvalues of K: 
-10. 0. 0. 


A = ( -:, ::) (Eq. 29) 


and the eigenvectors of K: 


p = ( -11111 Loooo ::) (Eq. 30) 
01111 -L 1. 


in Eq. 27. Thus, a t  time t = T ,  we have: 


x ( T )  = Gx,  (Eq. 31) 


At t = 2T, we have: 


x(2T) = Gx(T) (Eq. 32) 


the interpretation being that x(T) itself is a new set 
of initial conditions to use in calculating x(2T). Thus: 


x(3T)  = Gx(2T)  (El. 33) 
which gives the values of x a t  t = 0.3 in the example. 
Now, similarly calculate x(4T), which gives the 
values of x a t  t = 0.4 but just before the first mainte- 
nance dose is given. Now let an asterisk denote the 
values of x immediately after the first maintenance 
dose is given. Then clearly: 


xY4T)  = x ( 4 T )  + (3, .o, .oy (Eq. 34) 


Sci., 63,100(1974). 
(2) L. A. PiDes. J .  Franklin Inst..  285.436(1968). . .  
(3) L. A. PGes‘and S. A. Hovanessian, “Matrix-computer Meth- 


(4) B. Noble, “Applied Linear Algebra,” Prentice-Hall, Engle- 


(5) J. Z. Hearon, Bull. Math. Biophys., 15,121(1953). 
(6) International Business Machines Corp., Manual No. GH- 


(7) J. R. Howell, Simulation, 22.93 (Mar. 1974). 


ods in Engineering,” Wiley, New York, N.Y., 1969, p. 206. 


wood Cliffs, N.J., 1969, p. 367. 


20-0367-4, White Plains, N.Y., Jan. 1972. 


J .  R. Howell 
Virginia Commonwealth University 
Medical College of Virginia 
Richmond, VA 23298 


Received April 26,1974. 
Accepted for publication November 29,1974. 


Quantitation, Elimination, and Discussion of 
Decomposition Product Interference in 
N-  Acetyl-p -aminophenol Colorimetry 


Keyphrases ’0 N-Acetyl-p-aminophenol-direct colorimetric 
analysis, decomposition product interference examined Colori- 
metry-analysis, N-acetyl-p -aminophenol, ’ degradation product 
interference examined 


To the Editor: 


Direct colorimetric assay of N-acetyl-p-aminophe- 
no1 (I) has been effected by reaction of I with nitrous 
acid under mild conditions to form 2-nitro-4-acetam- 
idophenol. This reaction was elucidated by Le Per- 
driel et al. (I), who measured the orange-red color of 
the phenolate ion; Inamdar and Kaji (2), working 
separately, assayed using the yellow of the unionized 
phenol. 


Chafetz et al. ( 3 )  compared these methods with 
their modified technique employing an entirely aque- 
ous system. Because these methods require only the 
successive addition of reagents, Daly et al. (4) adapt- 
ed the latter technique to an automated assay appa- 
ratus, resulting in excellent recovery data with com- 
mercial formulations. 


The assay of Le Perdriel et al. (1) resulted in good 
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selectivity for I; no interference was incurred by most 
structurally similar drugs except salicylamide (3). 
However, Le Perdriel et al. noted that when I was 
aged, results in excess of theory were obtained at  a 
point where some 50% of I had degraded. This prob- 
lem was strongly emphasized by Shearer et al. (5) 
who, using the Chafetz et al. (3) method, claimed 
that a minimum of 25% contribution to the absorb- 
ance was observed when an equivalent molar concen- 
tration of p-aminophenol was tested. 


Because of the limited and confusing documenta- 
tion of the true extent of interference perpetrated by 
the degradation products of I, the purposes of this 
study were to document this degree of interference 
and to discuss the limit of applicability of the Le Per- 
driel et al. assay per se. 


The degree of interference or the ability of the Le 
Perdriel et al. assay method to determine I selective- 
ly in the presence of increasing percentages of the 
breakdown products of I is shown in Fig. 1. The assay 
method closely paralleled the method of Le Perdriel 
et al. An ethanolic solution of I was treated with the 
following reagents: 0.5 ml of 50% (v/v) hydrochloric 
acid and then 1 ml of a 10% (w/v) sodium nitrite solu- 
tion. A reaction time of 15 min was allowed before 
the samples were adjusted to 10 ml with 5% (w/v) an- 
hydrous sodium carbonate solution. The absorbance 
was read at 440 nm using a similarly treated 2-ml al- 
cohol sample as the blank. 


The error shown in Fig. 1 can be eliminated by 
using the ion-exchange separation of Koshy and Lach 
(6). This method involved separation of I from its 
degradation products using a narrow bore column1 
previously washed with 10% hydrochloric acid, dis- 
tilled water, and alcohol, in that order. A flow rate of 
5-10 drops/min was allowed until the sample passed 
to the upper level of the resin, a t  which time the alco- 
hol elution flow rate was increased to approximately 
20 dropdmin. The eluate was collected until exactly 
100 ml was obtained. 


Two absorbance readings were found essential for 
proper determination of I after column separation. 
The first was measurement of the color developed, 
and the second was measurement of the absorbance 
of the small proportion of noncolumn-held yellow- 
brown oxidative products of p-aminophenol in a sim- 
ilar dilution with nitrite omitted. Both solutions were 
read using the same blank at  440 nm. Subtraction of 
the second from the first yielded, with 95% confi- 
dence, an assay value of 99.3 f 0.8% of the quantity 
of I present up to the tried value of 67.51% simulated 
degradation. 


The degree of interference depicted in Fig. 1, re- 
sulting from breakdown products of I in the Le Per- 
driel et al. determination of I, suggests less interfer- 
ence than was referred to by Shearer et al. (5) yet 
seemingly complies with the qualitative evidence of 
Le Perdriel et al. (1). 


With data as to the degree of interference perpet- 
uated by the breakdown products of I now available, 


’ Amberlite IR-120. 


0 20 40 60 
DEGRADATION, % 


Figure 1-Percent degradation of N-acetyl-p-ominophenol 
versus error in N-acetyl-p-aminophenol determination. The 
95% confidence limits about mean values (n = 4 )  are shown. 


quantitative determination of I by the Le Perdriel et 
al. method may be reviewed objectively. 


Consider the determination of the kinetic picture 
of the degradation of I. To determine effectively the 
order of a reaction, 90% of the reaction of the initial 
species should be followed. Because of the eventual 
growth in percentage of degradants as the reaction 
proceeds, the unacceptable interference (Fig. 1) of 
these degradation products will necessarily dictate 
column elution before the Le Perdriel et al. method 
per se may be quantitatively used. 


From a practical formulation viewpoint, the con- 
cern is with 10% or less degradation. If a formulation 
results in a greater than 10% potency loss during a 
shorter period than is desirable, reformulation is nec- 
essary. The method of Le Perdriel et al. (1) in this in- 
stance, without column separation, would be virtual- 
ly unequalled in its simplicity and quantitative 
potentialities, since an error determination of 1% 
(Fig. 1) is well within the limits of analytical error. 


Thus, knowledge of the error in analysis in the 
presence of breakdown products (Fig. 1) is essential 
for the rational use of the Le Perdriel et al. 2-nitro- 
4-acetamidophenol determination of I. 
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Role of Carbonate in Aluminum Hydroxide Gel 
Established by Raman and  IR Analyses 


Keyphrases 0 Carbonate-role in aluminum hydroxide gel, 
Raman and IR analyses 0 Aluminum hydroxide gel-role of car- 
bonate, Raman and IR analyses Raman spectroscopy-associa- 
tion of carbonate and aluminum in aluminum hydroxide gel IR 
spectroscopy-association of carbonate and aluminum in alumi- 
num hydroxide gel 


To the Editor: 
Aluminum hydroxide gel has been recognized as an 


effective antacid by the Food and Drug Administra- 
tion (FDA) (1) and is included in USP XVIII (2). 
However, FDA makes no attempt to describe the 
structure of aluminum hydroxide gel. The USP states 
that aluminum hydroxide gel contains the equivalent 
of 3.6-4.4% of aluminum oxide in the form of alumi- 
num hydroxide and hydrated oxide. This statement 
does not fully describe aluminum hydroxide gel, since 
a number of reports (3-6) have concluded that anions 
present during precipitation are incorporated in the 
gel structure and act to stabilize the gel. Carbonate 
ion is the most effective in stabilizing the gel (3). For 
this reason, reactive aluminum hydroxide gels usually 
contain carbonate. In this communication, we report 
that Raman and IR spectroscopy clearly demonstrate 
that an association exists between carbonate and alu- 
minum in aluminum hydroxide gel. Thus, carbonate 
is an integral part of reactive aluminum hydroxide 
gel and is not simply present in solution or as a void- 
filling occluded ion. 


The Raman spectrum of carbonate ion in solution 
was compared to the Raman spectrum1 of aluminum 
hydroxide gel and to a crystalline sodium aluminum 
hydroxy carbonate gel. The aluminum hydroxide gel 
was prepared, following a previously described proce- 
dure (31, by the addition of a solution of aluminum 
chloride to a solution of sodium carbonate and sodi- 
um bicarbonate until pH 6.5 was reached. The alumi- 
num hydroxide gel was amorphous by X-ray diffrac- 
tion, contained the equivalent of 3.2% A1203, and was 
fully reactive as measured by the acid-consuming ca- 
pacity test (2). The amount of carbonate in the gel 
was determined by the gasometric determination of 
carbon dioxide (7). The gel evolved 1.4% C02. 


A crystalline sodium aluminum hydroxy carbonate 
gel containing 6.9% NaA1(OH)2CO3, which is equiva- 
lent to 2.4% A1203, was evaluated by Raman and IR 
spectroscopy. The crystalline gel contained the 
equivalent of 2.8% COa and possessed X-ray diffrac- 
tion bands at  5.67,3.38, 2.784, 2.601, 2.151, 1.988, and 
1.728 A, which identify the gel as dawsonite (8). 


The Raman spectrum of carbonate ion in solution 
(9) has a very strong band a t  1063 cm-l, weak bands 
a t  1415 and 680 cm-', and an inactive band a t  880 
cm-'. The Raman spectrum of the amorphous alumi- 
num hydroxide gel has a broad band ranging from 


1060 to 1174 cm-' with the maximum a t  1120 crn-'. 
The crystalline sodium aluminum hydroxy carbonate 
has a sharp band a t  1090 cm-I. 


The change in the band at  1063 cm-l from a sharp 
peak for carbonate ion in solution to a broad band 
centered at  1120 cm-I in the amorphous gel indicates 
that varying degrees of interaction are occurring be-, 
tween the oxygens of the carbonate ion and alumi- 
num in the gel. These interactions destroy the sym-' 
metry possessed by the carbonate ion in solution, and 
the loss of symmetry causes a shift in the peak posi- 
tion. In aluminum hydroxide gel, numerous degrees 
of association are possible due to the amorphous na- 
ture of the gel. Therefore, the carbonate peak ap- 
pears as a broad band reflecting the varying degrees 
of association of carbonate with aluminum. 


In crystalline sodium aluminum hydroxy carbon- 
ate, a sharp peak appears a t  1090 cm-'. This shift in- 
dicates that the symmetry of carbonate ion is de- 
stroyed due to the association of carbonate with alu- 
minum. However, the carbonate is associated with 
the aluminum in only one environment, as indicated 
by the sharp peak. 


The IR spectra also indicate that definite associa- 
tion exists between carbonate and aluminum in alu- 
minum hydroxide gel. Because of interference by 
strong water bands in the 1400-1700-cm-' region, 
the IR spectra2 were run as air-dried films of the gels 
on a zinc sulfide3 window. 


The IR spectrum of sodium carbonate has bands at  
1450,880, and 720 cm-l (10). In aluminum hydroxide 
gel, bands associated with carbonate occur a t  1525, 
1415,1100, and 850 cm-l. The band at  1450 cm-' for 
sodium carbonate has split into two bands, 1525 and 
1415 cm-l, in aluminum hydroxide gel. Nakamoto 
(10) and Healy and White (11,12) showed that when 
carbonate ion coordinates to a. metal, the v3 vibration 
splits into two bands. The magnitude of the splitting 
has been shown to be dependent on whether a uni- or 
a bidentate complex forms. 


Carbonate bands occur a t  1580, 1390, 1080, and 
840 cm-l in the crystalline sodium aluminum hy- 
droxy carbonate. The carbonate band occurring at  
1450 cm-l for sodium carbonate has again split, but 
the magnitude of the split is 190 cm-I for the crystal- 
line gel in comparison to 110 cm-I for the amorphous 
gel (Fig. 1). The magnitude of the split of this car- 
bonate band may be useful in predicting the acid re- 
activity of aluminum hydroxide gel. 


In addition to the splitting of the degenerate vibra- 
tion, the appearance of the inactive band at 1100 
cm-l in the amorphous gel and 1080 cm-I in the 
crystalline gel is also typical of a substantial lowering 
of symmetry due to association between carbonate 
and aluminum (12). 


Thus, i t  is concluded that Raman and IR spectros- 
copy are useful tools for studying the role of anions in 
stabilizing aluminum hydroxide gel. Raman spectros- 
copy is especially useful because water does not inter- 
fere and the gels can be run in their natural condi- 


~~~~~ 


' Raman spectra were run on a Spex RAMALOG 4, courtesy of Spex In- 
dustries, Metuchen, N.J. 


Model 421, Perkin-Elmer Corp., Norwalk, Conn. 
Irtran 2, Eastman Kodak, Rochester, N.Y. 
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Practical Kinetics 11: Quantitation of 
Procaine Stability by TLC 


H. V. MAULDING" and A. F. MICHAELIS 


Abstract 0 This work illustrates further application of TLC as a 
tool in kinetic investigations of organic molecules. The procedure 
consists of: (a) streaking or spotting a known volume of reaction 
solution on thin-layer plates, ( b )  developing the plates, (c) eluting 
the compound under study from the adsorbent, and (d) assaying 
the material in solution. Procaine was examined regarding its hy- 
drolysis a t  above ambient temperatures. The reaction was moni- 
tored spectrally and by the TLC technique. Velocity constants de- 
rived by the two methods were similar in value. Rate constants ob- 
tained from procaine samples eluted from silica gel plates fol- 
lowing development were in good agreement with those previously 
reported in the literature. 


Keyphrases Procaine-quantitation of stability by TLC, rate 
constants 0 Hydrolysis-quantitation of procaine stability by 
TLC, rate constants 0 Stability, procaine-TLC determina- 
tion 0 TLC-determination, procaine stability 


Further utilization of quantitative TLC as a tech- 
nique for rapid and accurate kinetic screening of so- 
lutions is reported. The method is broadened to in- 
clude basic and cationic compounds whereas pre- 
viously acidic or anionic substances, the barbiturates, 
were surveyed. 


The same general approach is extended to a basic 
compound, procaine, by means of alterations of the 
elution solvents. Procaine was used as a prototype 
due to its medicinal importance as well as the rela- 
tively large amount of data regarding the rate con- 
stants of its decomposition available (1-3). 


This amino ester, pKal 8.95, is hydrolyzed in solu- 
tion, with consequent production of p-aminobenzoic 
acid and diethylaminoethanol. The examined solu- 
tions were an order of magnitude below those nor- 
mally employed medicinally. The commercial article 
could be analyzed following a dilution. 


EXPERIMENTAL 


TLC-Procaine hydrochloride (mp 152-155O) was found chro- 
matographically [methanol-ammonia (991)] to contain only traces 
of p-aminobenzoic acid. This substance was used without further 
purification. The methanol-ammonia solvent system was used to 
develop kinetic samples with a running distance of 15 cm on silica 
gel fluorescent plates'. Procaine, R/ 0.7-0.8, and p -aminobenzoic 
acid, Rf 1.0, were visualized under short wavelength UV light (255 
nm). This system is an adaptation of a previously reported (4) sol- 
vent system. 


Kinetic Studies-A solution of procaine hydrochloride (2 mg/ 
ml) was prepared in the appropriate buffer solution. The samples 
were placed in constant-temperature baths (&O.lo), and aliquots 
were periodically withdrawn by pipet as the reaction progressed. A 
0.25-m12 portion of the reaction solution was streaked3 on full- 
sized (20 X 20 cm) silica gel fluorescent plates', with two samples 


Silica gel 60 F-254.0.25-mm plates, EM Labs. Inc., Elmsford, N.Y. * Using a 0.5-ml syringe fitted for sieve collar attachment, Hamilton Co., 


Streaker apparatus made by Applied Science Labs. Inc., State College, 
Inc., Whittier, Calif.; Applied Science Catalog No. 17710. 


Pa.; Applied Science Catalog No. 17700. 


placed one on each half of a manually scored plate. Forced air 
drying was used to confine the bandwidth gs the plate was 
streaked. 


The plate was developed in methanol-ammonia (9911, and the 
band of silica gel containing the starting material was marked 
under UV light. The silica gel containing procaine was removed by 
scraping with a microspatula and collected. This material was ex- 
tracted with 10 ml of methanol followed by pH 6 phosphate buffer 
to make 50 ml. The solid particles of silica gel were removed by fil- 
tration through a sintered-glass filter followed by analysis of the 
solution. 


Analysis of Solutions of Procaine from TLC Plates-The meth- 
anol-pH 6 buffer from the preceding elution' of the thin-layer 
plates was read on a UV recording ~pectrophotometer~. The ab- 
sorbance was read at 289 nm (fl) against the appropriate blank. 


UV Analysis-Samples were taken concomitantly with those 
used for the TLC assay. The aliquots were diluted to volume with 
the appropriate buffer, with t4e absorbance values taken as a func- 
tion of time at 289 nm ( f l ) .  The UV analyses of intact procaine 
were carried out directly, without need for separation, a t  289 nm 
following pH adjustment to 9.5. This was possible due to the dis- 
parity in molar absorptivities of procaine and p-aminobenzoate 
anion, with values of 7.5 and 17.5 X lo3 liters/mole cm, respective- 
ly (1). 


The equation employed was: 


log (A,  - A,) = log (& - A,) - kt/2303 (Eq.1) 


where At is absorbance a t  time t ,  A, is the absorbance at infinite 
time (i.e., p-aminobenzoate ion), and Ao is the initial absorbance 
or that of procaine a t  time = 0. 


Buffer Solutions and pH-Ammonia buffers were prepared 
following the general directions of Higuchi e t  al. (l), and borate 
buffers were made as previously specified (5) (Table I). 


The pH measurements were carried out on a pH meter5 standar- 
dized at  the specified temperatures by borate and phthalate solu- 
tions (6). The pH of the reaction solutions was determined before, 
during, and following each kinetic run. 


RESULTS AND DISCUSSION 


This work comprises an expansion of the TLC method as a 
means for rapidly determining the kinetic parameters of solutions. 
The technique has been found suitable for formulation screening 
as well as for classical kinetic investigations. The process depends 
upon separation of the starting material (usually 0.1-0.5 mg) from 
products on thin-layer plates, which is possible in theory and gen- 
erally in practice. 


Barbituric acids and their anionic forms were previously shown 
to be fitted to analysis in this manner. Ramification of the tech- 
nique is presented to include basic compounds and their cationic 
forms. The amino ester, procaine, was readily amenable to this 
treatment. This compound was selected due to the large amount of 
data regarding the velocity constants and other parameters of its 
hydrolysis already available (1,2). 


The cleavage of the ester linkage was monitored spectrophoto- 
metrically. Procaine was separated from p -aminobenzoic acid by 
TLC with the starting material being eluted from the plates and 
then read in the UV at 289 nm ( f l ) .  


The expression: 


log A,  = log & - kt/2303 (E4.2) 


Perkin-Elmer 202. 
Metrohm. 
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Figure 1-Decomposition of procaine (concentration of 2 mg/ 
ml a t  40') i n  aqueous solution a . a  function of time. Various 
pH values are  indicated on thegraph. Analyses were by quanti- 
tative TLC. 


\ 
0.1 


was utilized for this pure material, where A, and A0 represent ab- 
sorbances at  times t and zero. The term k is the observed or 
pseudo-first-order rate constant, with t being the time. 


The procaine in solution was followed using the equation: 


log (A, - A,) = log (A, - A) - kt/2303 (Eq. 3) 


where the terms are the same as in Eq. 2 except A,, which is the 
absorbance a t  infinite time. 


Table I lists the observed first-order velocity constants derived 
from the thin-layer method (Eq. 2) along with those obtained si- 
multaneously by the spectrophotometric procedure (Eq. 3). These 
are compared to those previously reported by other workers ( 1 , 2 ) .  


Kinetic runs were carried out in duplicate for each pH and tem- 
perature investigated. The method is quick and applicable from 
operator to operator, usually in f10% limits. Once, unacceptable 
results were found by both the thin-layer and spectroscopic meth- 
ods. The plots of log concentration, i.e., absorbance, versus time 
resulted in a curved line in both cases. Something apparently was 
wrong with the solution employed. This was shown to be a loss of 
ammonia from unsealed flasks containing ammonia-hydrochloric 
acid buffer with subsequent change (lowering) of pH. 


A t  least seven data points were taken for each run listed in 


1 I I I I I I 
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Figure 2-Comparison of TLC and spectrophotomeiric 
results of hydrolysis of 2 mg/ml procaine at pH 8 at 60 and 70'. 
Absorbance is plotted vereus time. Key: 0, spectmphotometric 
absorbames; and A, TLC absorbames. Two "semilog" scales 
were utilized for convenience in visualization. 


Figure 3-Temperature 
dependency for hydroly- 
sis of cationic procaine 
in  pH 8 buffer a t  40'. 
Key: ---V---, rate con- 
stants evaluated by TLC 
procedure; and U, rate 
constants determined by 
spectmphotometric an- 
alysis. 
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Table I. Table I1 illustrates five typical runs by the same operator 
a t  pH 9.5 and 40' and gives an idea of the reproducibility of the 
technique. 


Problems were encountered with the ammonia buffers. The pH 
values often changed by as much as one unit a t  higher pH's during 
the run. The phenomenon is well known and was previously re- 
ported (1).  For this reason, borate buffers were found to be much 
more acceptable in the pH b l l  region (5). None of the borate 
buffers exhibited this tendency to change pH during the reaction. 


Most runs were carried out for a minimum of two half-lives. 
Below this point the analytical points tended to show more scatter 
as assayed by both methods. 


The thin-layer separation of reactant and products is a prime 


I 
0.003 1 1 1 1 1 1 1 1 1 1 1  


7 a 9 10 11 12 


Figure &Log k-pH profile of procaine a t  40'. Solid curve 
represents a plot of the results of Higuchi et al. ( I ) .  Key: 0, 
dota obtained by Siegel et  al. (2); and v, results obtained from 
TLC (Table I ) .  Values were determined in this work in b o d  
buffer (Tablel). 


PH 
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Table I-Observed First-Order Rate Constantsa (k, hr-l) for Hydrolysis of Procaine (2 mg/ml) in 
Aqueous Solution at Various Hydrogen-Ion Concentrations and Temperatures 


Velocity Constantsd 


Bufferb 


Ammonia-hydrochloric acid 
Ammonia-hydrochloric acid 
Borate 
Borate 
Borate  
Borate 
Borate  
Ammonia-hydrochloric acid 
Ammonia-hydrochloric acid 
Borate 
Ammonia-hydrochloric acid 
Borate  
Ammonia-hvdrochloric acid 


Tem- Spectro- 
pHc perature T L C  photometric Ref. 1 Ref. 2 


7 . 6  40 O 0.007 0.006 0.009 
8 .O  40 O 0.018 0.017 0 .021  
8 .O  40 O 0.021 0 .024  (0.021)c 
8 .O  50 O 0.079 0.075 (0 .073)~  
8 .o 60 O 0 .21  0 .22  (0.21)C 
8 .O 70 O 0 .63  0 .61  (0 .64)c 
8 .o 40 O 0.020 0.019 (0.021)e 
8 . 5  40 O 0.0421 0.0461 0.058 
9 .o 40 O 0 .080/ 0 ,084, 0.105 0.116 
9 .o 40 O 0 . lo1  0.099 (0.105)e 
9 . 5  40 O 0.091 0.10, 0 . 1 3  0 .15  


- 


9 . 5  40 O 0.12  0 .12  (0 .13p - 
10 .o 40 0.121 0.12, 0 . 1 5  0 .40  


Borate 10 .o 40 O 0 .14  0 .15  (0.14p - 


Borate 11 .o 40 O 0.19  0 .18  (0.21)e - 


- Borate 10 .5  40 O 0.16  0.17 (0.17)c 
Ammonia-hydrochloric acid 11 .o 40' 0.151 0.16f 0 . 2 1  0 . 3 1  


Determined following elution of TLC platea with methanol-pH 6 phosphate buffer read at 289 (&l) nm. b Borate buffer prepared by adding boric acid to 
8 g of sodium chloride in 500 ml of water. When proper pH is attained, add water to 1 liter. Ammonia buffers prepared as in Ref. 1. C The pH was measured 
before, during, and after the kinetic run. d Velocity constants taken from same aliquot for TLC and spectrophotometric analysis. 0 Carried out in ammonia- 
hydrochloric acid buffer in Ref. 1. In this work it was done as indicated in borate. f Valuea low, probably due to pH drop during the reaction of unsealed reac- 
tion veasels. 


requisite of the procedure. It was effected using the system of 
methanol-ammonia (99:l) in a modification of a previously re- 
ported development solution (4). This separation eliminates the 
need for development of a differential analytical method, which 
can pose problems when products interfere, etc. The spectra ob- 
tained from the eluate should be that of the pure compound, pro- 
caine, as was found to be the case. 


Procaine was readily removed from the adsorbent, fluorescent 
silica gel, by means of methanol followed by pH 6 buffer. Methanol 
and methanol-0.1 N HCl or acidic buffers have been generally ac- 
ceptable for the several amines studied to date. 


Care and precaution must be taken when deciding on the sol- 
vent for elution of the adsorbent because first trials may not lead 
to proper extraction. I t  is best if one spends a day or two removing 
known amounts of material from the plates and thereby selects the 
best solvent or solvent system prior to initiation of kinetic studies. 
Choice of a suitable extraction solvent is sometimes tricky but is 
possible with all compounds studied to date. 


Figure 1 gives typical plots of log absorbance uersus time de- 
rived from various pH values a t  40° as done by quantitative TLC. 


Figure 2 shows a comparison of data derived from spectrophoto- 
metric and thin-layer procedures a t  different hydrogen-ion con- 
centrations. Close correlation between the rate constants from the 
two methods is obvious. 


An estimate of the apparent energy of activation for the reaction 
of protonated procaine and hydroxide ion, pH 8, is given in Fig. 3. 
Utilizing the Arrhenius relationship: 


log k = log P - Eaj2.303RT 0%. 4) 


where k is the observed first-order rate constant. The plot of log k 


Table 11-Reaction Velocity Constants for Decomposition 
of Procaine in pH 9.5 Borate Buffer" at 40" 


against 1/TO (absolute) gives a straight line, the slope of which is 
equal to Ea/2.303R. The apparent energy of activation, Ea, was 
25.6 kcal/mole for the TLC procedure compared to 23.8 kcal/mole 
from the solution directly (Fig. 3). Higuchi et al. (1) derived 24.0 
kcal/mole for the same reaction. 


Figure 4 represents a comparison of data obtained from the lit- 
erature with those in Table I. The continuous solid line records a 
replot of the results of Higuchi e t  al. (1). This is a graph of the re- 
lationship: 


log kobs = ~I[OH-I,BH* + kdOH-1,~ (Eq. 5) 


where ~ B H +  and f~ are fractions ionized and nonionized, respec- 
tively; and k l  and k p  are rate constants with pKal= 9. 


Various data points for the log k-pH profile are seen along with 
those obtained in this study. Reasonable correlation may be seen 
between the three sets of results, with a slight possible error resul- 
tant from estimations necessarily made in replotting. 


No series defects in the total system were noted during the in- 
vestigation. One spurious set of data was obtained by both meth- 
ods examined. One unanswered question was the fact that initial 
assays by both methods were not always the same absolutedues 
as they should have been assuming homogeneous solution and neg- 
ligible breakdown. Figure 2 illustrates this matter. No effect on the 
latter assays was noted; the phenomenon is unexplained, with no 
aberration in the velocity constants being brought about by this 
incongruity. The reason for this is that as long as a constant value 
is streaked, the relative results are the same if the solution is ho- 
mogeneous. 


The TLC procedure is an inexpensive and simple method. No el- 
egant equipment is needed as may be the case with gas or liquid 
chromatography. The total cost including the plate streaker is less 
than $500.00. It also possesses the potentiality of being applicable 
to most compounds. 
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in methanol-pH 6 phosphate buffer. See Experimental. 
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Practical Kinetics 111: Benzodiazepine Hydrolysis 


H. V. MAULDINGX”,J. P. NAZARENO, J. E. PEARSON, and 
A. F. MICHAELIS 


Abstract 0 The velocity constants for chlordiazepoxide hydrolysis 
were measured by independent techniques. A quantitative TLC 
kinetic procedure is compared with an extractive method. The 
data derived from both processes are in approximate agreement, 
further exemplifying the feasibility of TLC for rapid stability eval- 
uation of liquid formulations as well as solution kinetic studies. In 
the extractive procedure, benzodiazepine-substrate was separated 
from the lactam product by methylene chloride extraction of acidic 
aqueous solution. The TLC procedure consisted of separation on 
silica gel plates followed by elution and subsequent analysis. The 
log k-pH relationship for the hydrolysis representing water addi- 
tion coupled with expulsion of methylamine is presented. This 
function is characterized by water and hydroxide-ion attack on 
monoprotic species along with specific hydrogen-ion catalysis a t  
higher hydronium-ion concentrations, and the rate law for the de- 
composition of chlordiazepoxide is given. Through several half- 
times (pH 0.15-11.5, 79.5O), this hydrolytic reaction generating 
lactam predominated; however, more benzophenone was formed as 
the pH decreased. Velocity constants were invariant over a 200- 
fold concentration range. The subsequent acid-facilitated cleavage 
of lactam to benzophenone was not further investigated. Both gen- 
eral acid catalysis and general base catalysis were evidenced, with 
borate, acetate, formate, and phosphate buffers accelerating the 
conversion of chlordiazepoxide to lactam. At  pH values below neu- 
trality, nonlinear dependency of the rate constant on buffer con- 
centration was observed. This finding may be explained by a 
change in the rate-determining step as buffer concentration varied. 


Keyphrases 0 Benzodiazepines-hydrolysis of chlordiazepoxide, 
velocity constants, conversion to lactam, TLC and extraction pro- 
cedures compared 0 Chlordiazepoxide-hydrolysis, velocity con- 
stants, conversion to lactam, TLC and extraction procedures com- 
pared 0 Hydrolysis-benzodiazepines, velocity constants for 
chlordiazepoxide hydrolysis, TLC and extraction procedures com- 
pared 0 Kinetics-benzodiazepine hydrolysis 


This investigation was undertaken to study the ki- 
netics of chlordiazepoxide hydrolysis as well as to 
compare pertinent rate data concerning breakdown 
of the compound using both classical and quantita- 
tive TLC analytical techniques. 


TLC techniques have been utilized in these labora- 
tories for rapid determination of solution stability of 
diverse classes of medicinal agents. TLC is applicable 
when separations of reactant-product(s) are avail- 
able, coupled with satisfactory analytical procedures 
for eluted compounds. 


The benzodiazepines were of interest because they 
represent prototypes giving mutual substrate-prod- 
uct interference in the UV region, limiting straight 
UV spectroscopy in their study (1).  Therefore, a ki- 


netic study of the hydrolysis was instituted using 
both quantitative TLC and spectrophotometric (fol- 
lowing separation of reactants from products) meth- 
ods. The aim, besides delineation of the kinetic pro- 
file of chlordiazepoxide hydrolysis, was to compare 
the agreement between techniques. 


In the spectrophotometric procedure, the lactam 
formed by hydrolysis was readily removed from acid- 
ic solutions of the parent, chlordiazepoxide, by parti- 
tioning into methylene chloride, allowing a compara- 
tive means for determination of velocity constants. 


EXPERIMENTAL 


Materials-Glass-distilled water was used in all experiments. 
Reagent grade inorganic salts were employed without further puri- 
fication. 


Chlordiazepoxide reference standard’, 7-chloro-1,3-dihydro-5- 
phenyl-2H-1,4-benzodiazepin-2-one 4-oxide reference standard’, 
and 2-amino-5-chlorobenzophenone1~2 were used. 


Kinetic Measurements-Stock Solution 1A was prepared con- 
taining 0.90 mg/ml chlordiazepoxide. Two milliliters of this solu- 
tion was pipetted into 200-ml flasks containing 198 ml of appropri- 
ate buffer solution previously equilibrated at  the specified temper- 
ature, giving a final concentration of 2.98 X M. Ten-milliliter 
samples were periodically withdrawn by pipet and then acidified 
below pH 1.1 by dropwise addition of concentrated hydrochloric 
acid. 


The aqueous acidic solution was extracted with 3 X 10-ml por- 
tions of reagent methylene chloride (methylene chloride was dis- 
carded) in a separator, and the aqueous layer was read in the UV 
at 244 (or 305) nm. Residual absorbances were generally less than 
5% of the initial readings and were subtracted for calculation of ve- 
locity constants. First-order rate constants were readily evaluated 
from: 


kO& = 0.693/t (Eq. 1) 


The observed rate constants derived in this manner were generally 
reproducible within f1096. 


Stock Solution 2A of chlordiazepoxide (1-2 mg/ml) in appropri- 
ate buffer solutions was prepared and placed in constant-tempera- 
ture baths, 79.5O; aliquots were withdrawn periodically by pipet. A 
0.25-ml sample was streaked3 by means of a streaker apparatus4 on 
20 X 20-cm, 250-pm, silica gel fluorescent plates5. One sample was 
placed on each half of the scored plate with drying by warm air. 
The plate was developed in fresh benzene-dioxane-ethanol- 
ammonia (5044:51), and the silica gel band corresponding to the 


NF reference standards. 
Aldrich Chemical Co., Milwaukee, Wis. 
Amlied Science Laboratories Cataloe No. 17710. Hamilton svrince. “ _ .  


Hamfiion Co., Whittier, Calif. 


Analtech, Newark, Del. 
* Catalog No. 1700, Applied Science Laboratories. Inc., State College, Pa. 
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Fluorocarbon Aerosol Propellants V: 
Binding Interaction with Human Albumin 


WIN L. CHIOU and JAUE-HUEY HSIAO 


Abstract Binding of trichloromonofluoromethane, dichlorodi- 
fluoromethane, and dichlorotetrafluoroethane was studied in 
aqueous 5% human albumin solution, using the partition coeffi- 
cient method in sealed serum bottles. The partition coefficient and 
the fraction of fluorocarbons bound were highly dependent on 
fluorocarbon concentrations. The average binding sites per mole- 
cule of albumin were 2.17, 0.30, and 0.42 and the binding associa- 
tion constants were 1.11 X lo3, 1.73 X lo3, and 5.06 X lo3 M-', re- 
spectively. A t  the lowest concentration studied, 62.3, 25.5, and 
65.6% were found bound to albumin, respectively. This appears to 
represent the first extensive study on any gas-albumin interaction. 


Keyphrases Fluorocarbon propellants-binding to human 
serum albumin determined using partition coefficient method in 
sealed serum bottles Trichloromonofluoromethane-binding to 
human serum albumin Dichlorodifluoromethane-binding to 
human serum albumin Dichlorotetrafluoroethane-binding to 
human serum albumin Binding of fluorocarbon propellants to 
human serum albumin-determined using partition coefficient 
method in sealed serum bottles 0 Interactions, gas-albumin- 
binding of fluorocarbon propellants to human serum albumin 


Fluorocarbons such as trichloromonofluo- 
romethane (bp 23.7'), dichlorodifluoromethane (bp 
-29.8'), and dichlorotetrafluoroethane (bp 4.1') 
have been widely used as aerosol propellants in vari- 
ous pressurized aerosol packages. In 1973, an esti- 
mated 3 billion units were manufactured in this 
country (1). The possible acute and chronic toxicities 
of these previously regarded "inert" propellants have 
been the subjects of intensive studies in recent years 
(1-6). 


Based on the partition coefficient study, it was 
shown previously that these volatile or gaseous fluo- 
rocarbons were much more soluble in human plasma 


0.4- 
0 0.2 0.4 0.6 0.8 
EQUlLl8RlUM CONCENTRATION, rng/rnl 


Figure 1-Effect of concentration of trichloromonofluoro- 
methane (both bound and unbound form) on its partition coefi- 
cient between 5% human albumin solution and air. 


than in water or normal saline (7). It was postulated 
that such a solubility enhancement might be partly 
due to the binding of the fluorocarbons to plasma 
proteins. This postulation was subsequently con- 
firmed by the fluorocarbon-human albumin binding 
study with one single concentration, using the parti- 
tion coefficient method (8). In that study, a surpris- 
ingly high degree of binding of the three fluorocar- 
bons to the purified human and bovine albumins was 
found. Since the possible effect of concentration vari- 
ation on the extent of protein binding for numerous 
nonvolatile compounds has been well established, it 
was decided to extend the investigation by using a 
wide range of fluorocarbon concentrations. This ap- 
proach also allows the number of the binding sites 
per molecule of protein and the protein-binding asso- 
ciation constant to be calculated. 


EXPERIMENTAL 


Materials-Only the three most widely used fluorocarbon pro- 
pellants, trichloromonofluoromethane' (mol. wt. 137.4), dichloro- 
difluoromethane' (rnol. wt. 120.9), and dichlorotetrafluoroethane' 
(mol. wt. 170.9), were studied. The crystallized and lyophilized 
human albumin (mol. wt. 69,000) was purchased commercially*. 


Preparation of Fluorocarbon-Albumin Solutions-The al- 
bumin solution (5% w/v) was freshly made by dissolving albumin 
into isotonic pH 7.4 phosphate buffer solution, prepared according 
to the method of Sorensen (9). One milliliter of this albumin solu- 
tion was then pipetted into a 5-ml serum bottle3, which was then 
sealed with a flange-type lacquer-coated stopper and aluminum 
cap (7). In the previous partition coefficient study (7, 8), the fluo- 
rocarbons were first dissolved in normal saline prior to introduc- 
tion into plasma or protein samples. Due to their limited solubili- 
ties in normal saline or phosphate buffer and the high concentra- 
tions of the fluorocarbons used in the present study, their gaseous 
stock preparations were prepared by diluting the pure fluorocar- 
bons from their liquid state (dichlorodifluoromethane and dichlo- 
rotetrafluoroethane were stored in pressurized steel cylinders at 
room temperature and trichloromonofluoromethane was stored in 
an aluminum container a t  5') into the sealed 50-ml empty serum 
bottles. 


The albumin solutions, containing various amounts of the fluo- 
rocarbon, were prepared by transferring approximately 0.05-1 ml 
from the fluorocarbon stock preparations, using a gastight sy- 
ringe4, to the sealed 5-ml serum bottle containing 1 ml of the albu- 
min solution. A 27-gauge disposable hypodermic needle was insert- 
ed briefly into the headspace of the serum bottle to reduce the 
pressure in the headspace to the atmospheric pressure. The three 
fluorocarbons were studied individually. 


Determination of Partition Coefficients between Protein 
Solution and Air Phase-The fluorocarbon-albumin solution in 
the sealed serum bottle was shaken in a vortex mixeI.5 for 30 min 
and allowed to stand at room temperature (25 f lo) for another 30 
min. The preliminary study showed that the equilibration of the 
fluorocarbons between the protein solution and headspace was 


Supplied by E. I. du Pont de Nemours and Co., Wilmington, Del. 
Sigma Chemical Co., St. Louis, Mo. 


Hamilton. 
Vortex mixer, Fisher Scientific Co., Springfield, Mass. 


3 Wheaton Scientific, Millville, N.J. 
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reached under these conditions since the partition coefficient re- 
mained the same even after 1 hr of shaking. A much shorter period 
(less than 5 min) was required to obtain an equilibrium by the 
same method of shaking when the fluorocarbon dissolved in nor- 
mal saline was first introduced into the protein solution as used 
previously (7,8). 


The concentration of the fluorocarbon in the headspace was an- 
alyzed directly by injecting an appropriate volume of the sample 
into the GC column using a 50- or 100-pl gastight syringe*. The 
GC operation conditions were identical to those reported previous- 
ly (8, 10, 11). A proper dilution of the sample, using the sealed 
empty serum bottle, was made when the concentration of the fluo- 
rocarbon in the headspace was too high and the amount injected 
would have exceeded the linear response range of the electron-cap- 
ture detector (10). 


After determination of the fluorocarbon in the headspace, its 
concentration in the albumin solution was analyzed by transferring 
about 0.2 ml of the solution to a 3- or 5-ml vacuum tube6 contain- 
ing a known amount of cyclohexane. The tube was shaken in a 
shaker7 for 5 min followed by centrifugation for 5 min in a clinical 
centrifuge8. The fluorocarbon concentration in the cyclohexane 
phase was determined by drawing 5-10 pl of the solution, using a 
10-pl syringe4, and injecting onto the GC column. 


During the transferring of the fluorocarbon-albumin solution to 
the vacuum tube, the following special procedure was used to avoid 
loss of the fluorocarbon when the conventional pipet or syringe 
was employed. A 6.3-cm (2.5-in.) 22-gauge disposable hypodermic 
needle was cut to remove the hub and sharpened with a file. One 
end of the needle was inserted into the albumin solution of the in- 
verted serum bottle, and the other end was then immediately in- 
serted into the vacuum tube. When the liquid stopped flowing into 
the tube, another 23-gauge disposable needle was inserted into the 
headspace of the serum bottle to equilibrate the whole system to 
atmospheric pressure. The volume of the liquid transferred was 
measured by weighing after correction for its density. The exact 
volume (about 2.8 ml for a 3-ml tube and 4.8 ml for a 5-ml tube) of 
cyclohexane used in the extraction was also measured by weighing 
after correction for its density. 


The extraction recovery of the fluorocarbons into the cyclohex- 
ane was essentially 100%. This recovery can be expected because of 
their high solubility in this solvent (7) and the relatively smaller 
volumes of the protein solution and headspace used. Throughout 
the present study, duplicate and excellent reproducible readings 
(less than 3% of variation) were obtained for each GC assay. 


The partition coefficient, Pp, between the protein solution and 
the air phase was calculated according to the following equation: 


(Eq. 1) 


where: 
C, = concentration of fluorocarbon in protein solution at the 


C, = concentration of fluorocarbon in air phase ( i e . ,  head- 


C, = concentration of fluorocarbon in cyclohexane extract 
V, = volume of cyclohexane used for extraction 
V, = volume of protein solution transferred for extraction 


equilibrium state (weight per unit of volume) 


space) a t  the equilibrium state (weight per unit of volume) 


RESULTS AND DISCUSSION 


Partition Coefficient Study-The partition coefficients of the 
three fluorocarbons between the 5% human albumin solution and 
the air phase were found to change with the total fluorocarbon 
concentration in the albumin solution at the equilibrium state. 
This finding is clearly demonstrated by a typical plot of the parti- 
tion coefficient of trichloromonofluoromethane as a function of its 
total concentration in protein solution (Fig. 1). The partition coef- 
ficient decreased markedly and approached the value between the 


Vacutainer, Becton-Dickinson Co., Rutherford, N.J. 
' Catalog Number 65885, Precision Scientific Co., Chicago, 111. 


Catalog Number 67477, Precision Scientific Co., Chicago, Ill .  


Table I-Number of Fluorocarbon Binding Sites per 
Molecule of Human Albumin, n, and of t h e  Binding 
Association Constant, K 


Fluorocarbons n K, M-' 


Trichloromonofluoromethane 2.18 1.11 X lo3 
Dichlorodifluoromethane 0.30 1.73 X lo3 
Dichlorotetrafluoroethane 0.42 5.06 X l o3  


plain pH 7.4 phosphate buffer without protein and the air phase, 
Pj (8, 12). The Pj values for the three fluorocarbons (0.347 for tri- 
chloromonofluoromethane, 0.105 for dichlorodifluoromethane, and 
0.032 for dichlorotetrafluoroethane) were independent of their 
total concentrations in the protein solution. These values are 
slightly higher than those previously reported for both water and 
normal saline systems (7). The discrepancies were caused by the 
depressing effect on the sensitivity of the electron-capture detector 
in the presence of water when the aqueous sample was injected di- 
rectly onto the GC column (12) and by the inherent lack of a high 
degree of accuracy in the low partition media (such as partition 
coefficients less than 0.2) when the simple headspace method (7) 
was employed. This latter aspect will be dealt with in a future re- 
port. 


The concentration-dependent partition coefficient phenomenon 
could be rationalized by the classical drug-protein interaction. As 
the fluorocarbon concentrations increase, the protein binding sites 
become more saturated; therefore, the solubilities or partition 
coefficients tend to decrease. A detailed analysis of the binding 
properties will be discussed later. There appears to be some dis- 
crepancies between this study and the results published previously 
(7) that showed a concentration-independent partition coefficient 
phenomenon in the human blood and plasma systems. This previ- 
ous finding could be attributed to the much lower concentrations 
of fluorocarbons used in that study. As will he shown later, the 
partition coefficients in the human albumin solution actually 
change only slightly in these lower concentration ranges. 


Principles of Partition Coefficient Method to Study Pro- 
tein Binding-Most reported protein binding studies were pri- 
marily limited to the nonvolatile compounds. The most common 
methods employed in the binding studies were equilibrium dialysis 
and ultrafiltration (13). Due to the existence of these fluorocar- 
bons at the gaseous state at 25 or 37O, these conventional methods 
could not'be easily adopted for their binding study. Since one can 
reasonably assume that only the free or unbound form is in equi- 
librium with the fluorocarbon in the headspace and that the parti- 
tion coefficient is the same as that between the plain buffer solu- 
tion without protein and the air phase, Pj, the data from the parti- 
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Figure %-Scatchard plot for the binding of trichloromono- 
fluoromethane to human albumin. 
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tion coefficient study can be used to quantify the percentage of the 
fluorocarbon bound, the number of binding sites per molecule of 
protein, and the binding association constant. Mathematically, 
these values could be derived or determined as follows. 


For the determination of the percent bound: 


where C, and Cf are the total concentration (bound and unbound 
form) and the concentration of the unbound or free form in the 
protein solution, respectively. 


Dividing Eq. 2 by C,, the concentration in the headspace, one 
obtains (8): 


To determine the number of fluorocarbon molecules bound per 
molecule of albumin (r): 


(C,)(fraction bound)(mol.wt.,,) 
r =  (Eq. 5) C,,(mol.wt., ) 


where C, and C.1 are concentrations of the fluorocarbon and albu- 
min expressed in the same unit, and mol. wt./ and mol. wt.,l are 
their molecular weights, respectively. 


The number of binding sites, n, and binding association con- 
stant, K, can be obtained from the Scatchard plot based on the fol- 
lowing relationship (14): 


- = nK - rK 
A 


where A is the molar concentration of the free form of the fluoro- 
carbon. The plot of r /A  uersus r yields a straight line. The n value 
can be determined from the intercept on the abscissa and the nK 
value from the intercept on the ordinate. 


Binding of Fluorocarbons with Human Albumin-Based on 
the partition coefficient data and Eq. 4, the percentages in the 
bound form for the three fluorocarbons at  various concentrations 
can be calculated. The percentage bound decreased from 62 to 23, 
23 to 8, and 60 to 24 as the total concentration increased from 0.06 
to 0.83 mg/ml for trichloromonofluoromethane, from 0.03 to 0.27 
mg/ml for dichlorodifluoromethane, and from 0.006 to 0.170 
mg/ml for dichlorotetrafluoroethane. These concentration ranges 
are close to some reported fluorocarbon concentrations encoun- 
tered in in uitro and in uiuo toxicity studies (1,15,16). 


A typical Scatchard plot for trichloromonofluoromethane is 
shown in Fig. 2. The two parameters, n and K, obtained from this 
and similar plots are summarized in Table I. All plots showed a 
straight line, which indicates that there are only primary binding 
sites for all three fluorocarbons. The highest binding constant 
found for dichlorotetrafluoroethane was not unexpected in view of 
its higher molecular weight and higher solubility in the lipoid me- 
dium (a), which may result in stronger van der Waals interaction 
and hydrophobic binding. Although the binding constant for di- 
chlorodifluoromethane was slightly higher than for trichloromono- 
fluoromethane, its binding capacity, n, was only about one-seventh 
of the latter. This finding explains why the percentages bound for 
dichlorodifluoromethane were much lower compared to trichloro- 
monofluoromethane at similar concentrations. 


When lower concentrations (about 130-8000 times lower) were 
used, the percentages bound were in good agreement with the pre- 
dicted values, using the parameters listed in Table I. The binding 
data at these low concentrations are relevant because of the low 
blood levels that may be encountered clinically (17, 18) or in phar- 
macokinetic studies (10,19,20). The moderate to extensive protein 
binding found at these lower concentrations could explain in part 
the higher partition coefficients or solubilities of these fluorocar- 
bons in blood and plasma of humans and other species (7, 20, 23). 
In light of these results, one can assume that these fluorocarbons 
may also be bound extensively to other macromolecules in various 
tissues of the body. This probably contributes partly to the high 


apparent volume of distribution of dichlorotetrafluoroethane in a 
dog estimated to be about eight times body weight based on the 
blood concentration (19). Similar findings for other fluorocarbons 
were also obtained with other dogs and will be reported. 


Trichloromonofluoromethane has been shown in uitro to de- 
crease significantly and irreversibly the invertase activity (21), and 
dichlorodifluoromethane has also been shown to inhibit markedly 
the in uitro o-diphenol oxidase activity (22). Hydrophobic binding 
and conformational modification of enzyme molecules have been 
proposed to explain the results, but no binding constants and 
binding sites were investigated in the two studies. 


From a search of literature, it appears that no detailed binding 
studies on gas-protein interactions have been reported. The parti- 
tion coefficient method proposed, using a sealed serum bottle and 
analyzing by the headspace and extraction method, appears to 
offer a simple and promising tool for studying the binding interac- 
tions between macromolecules and volatile or gaseous compounds. 


There is some discrepancy in the percentage of dichlorodifluo- 
romethane bound to the human albumin reported from this study 
and previous preliminary studies (8); the reason is unknown. Since 
the results from the previously reported concentration could not 
be reproduced and the present study employed a very wide range 
of concentrations, it is concluded that the value obtained from the 
present study is more reliable. 
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OPEN FORUM 


Antiviral Activity of Hederin 
A recent communication by G. S. Rao e t  al.’ mentioned that 


antiviral activity has not been previously reported for the 
triterpenoid saponins. However, an article, “La Hederina, Un 
Nuevo Antibiotico” (Hederin, A New Antibiotic), by A. I. 
Calabrese was published in 1949* and is listed in the Quarterly 
Cumulatiue Index Medicus (1949, p. 233). Hederin was the subject 
of my thesis for the Professor degree in toxicology a t  the 
University of Buenos Aires, Faculty of Medicine, in which I 
described its pharmacological, bactericidal, virostatic, antitumor, 
and toxicological activity. 


Albert0 I. Calabrese 
Facultad de Medicina 
Universidad de Buenos Aires 
Buenos Aires, Argentina 


Received September 17,1974. 


‘ G .  S. Fbo, J. E. Sinsheimer, and K. W. Cochran, J .  Pharrn. Sci., 63, 


* A .  I. Calabrese, Semana Med., 1,116(1949). 
471( 1974). 


Bioeq uivalen cy and Noise 
The September 1974 issue of the Journal includes an editorial 


by the Managing Editor emphasizing his “shock and dismay” upon 
reading the Report of the Drug Bioequivalence Study Panel to the 


Office of Technology Assessment. The symptoms of shock are 
quite evident in the absence of encephalographic tracings by 
simply noting the extensive choice of such melodramatic 
expressions as “blast,” “frenzy,” “vicious,” etc. Since editors 
suffer a great deal from the abuse of language by contributors, we 
need not pay too much attention to this emotional display except 
for the inclusion of a speculation to the effect that  the members of 
the Panel conspired to attack the official compendia as a strategic 
means of undermining the general (s ic )  assessment of drug 
equivalency as expressed by the HEW Task Force on Prescription 
Drugs and others-not omitting the author of the editorial 
himself. 


Perhaps the conspiratorial climate of the nation’s capital, 
amplified by the continuing Watergate scenario, has managed to 
penetrate the pharmaceutical bastion on Constitution Avenue. 
The members of the Panel are all distinguished medical and 
pharmaceutical scientists who, no matter how faulty or correct 
their recommendations will prove to be, are blatantly slandered by 
such speculation-and all the more so since it appears in a 
reputable scientific journal. 


welcome touch of wry amusement in a Journal that  rarely raises a 
smile when he informs us that the APhA has complained about the 
Academy of Pharmaceutical Sciences “speaking the wrong 
language and shouting besides.” Time will inevitably tell us who 
was speaking the wrong language concerning the important issue 
of bioequivalency but as to who was guilty of shouting, we no 
longer need to wait. 


One issue later, in October, the same editorialist provides a 
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Ketonitrophenols from Mestranol and Related Compounds 


JAMES W. CONINE 


Abstract 0 Mestranol (17a-ethynylestradiol 3-methyl ether), 
when placed on a carrier such as powdered silica gel and exposed 
to the atmosphere, is converted to a yellow product. The com- 
pound formed was shown to be la-ethynyltetrahydro-l@-hydroxy- 
4 - (2 - hydroxy - 5 - methoxy - 3 - nitrophenethyl) - 7a - methyl- 
5(4H)-indanone. The 3-methyl ethers of three other steroids hav- 
ing aromatic A rings yielded products of a similar type. Identical 
compounds were prepared from the respective steroids by treat- 
ment with nitrating agents in acetic acid. This reaction in acetic 
acid is light catalyzed. An independent synthesis of a model com- 
pound, 6-(2-hydroxy-5-methoxy-3-nitrophenyl)-3-hexanone, es- 
tablished the position of the constituents on the aromatic ring as 
well as the location of the carbonyl. The mechanism proposed for 
the formation of these products is an initial oxidation of the l-sub- 
stituted tetralin to form a hydroperoxide, which is ionically de- 
composed to form a ketophenol. The phenol is then nitrated in the 
ortho-position. 


Keyphrases 0 Mestranol-ketonitrophenols as decomposition 
products, mechanism Ketonitrophenols-isolated and prepared 
from mestranol on silica gel, mechanism 0 Decomposition- 
preparation, isolation, and characterization of colored decomposi- 
tion product from mestranol and similar products from related 
compounds 


Tablets and dilute powder triturations of mestra- 
no1 (I), when adequately protected from the atmo- 
sphere, show no loss in potency following long peri- 
ods of storage'. However, when I was spotted on a 
TLC plate and exposed to the air in the laboratory 
for several days, i t  developed a cream color2. When 
the exposed TLC plate was then placed in an ammo- 
nia chamber or treated with aqueous alkali, the 
cream color changed to red-orange. The preparation, 
isolation, and characterization of this colored decom- 
position product from I and similar products from 
other related compounds are the subjects of this 
paper. 


RESULTS AND DISCUSSION 


Isolation and Characterization of Mestranol Decomposition 
Product-The decomposition product produced on the TLC plate 
was prepared on a larger scale by exposing a dried slurry of silica 
gel in a chloroform solution of mestranol to the air for several 
weeks. The organic compounds were washed off the silica gel with 
chloroform, and the phenolic products that had formed were ex- 
tracted into aqueous alkali. The aqueous solution was acidified, 
the phenols were extracted back into chloroform, and the products 
were separated by preparative TLC. 


The material that gave the yellow (407 nm) to red-orange (475 
nm) color shift was extracted off the silica gel with chloroform. 
Evaporation of this solution yielded a bright-yellow oil, which 
crystallized upon scratching. The yellow crystals were subjected to 
high-resolution mass spectrometrg. The molecular weight of the 
compound was found to he 387.1656, corresponding within experi- 
mental error to the empirical formula C21H25N06. 


The ions CsHsN04 and CgHgN04, two of the more abundant 


Eli Lilly and Co., unpublished data. 


High-resolution mass spectrometer model 21-110, Consolidated Electro- 
* Paul E. Hartsaw, Eli Lilly and Co., personal communication. 


dynamics Corp. 


fragments in the spectrum, contain five and six elements of unsat- 
uration, respectively, and probably arise from the chemically al- 
tered aromatic ring A of mestranol (I). The high degree of unsatu- 
ration as well as the three oxygen atoms and a nitrogen atom 
added to this portion of the molecule suggest that the ring contains 
a nitro group and a hydroxy. The concept that the added nitrogen 
atom has this character was substantiated by absorption bands in 
the IR spectrum at 1530 and 1315 cm-'. A carbonyl absorption at  
1700 cm-' identified the remaining additional oxygen atom as a 
ketone (or aldehyde) functionality, located at  some position other 
than ring A. 


A moderately abundant fragment ion having the formula CsHs0 
is characteristic of ring D in ethynylestradiols and was taken to 
mean that there had been no alteration of that portion of the mole- 
cule. 


The NMR spectrum indicated the presence of two aromatic pro- 
tons instead of one, which would be the case if nitration and hy- 
droxylation had occurred without any modification of the basic 
ring structure. Furthermore, the empirical formula found by mass 
spectroscopy contains 10 elements of unsaturation (rings and/or 
double bonds), but any derivative obtained by simply adding the 
list of functionalities to I would require 11, thus substantiating the 
NMR evidence that ring B has been opened. 


The structural similarity of I to that of cumene (1) and tetralin 
(2) suggests that the yellow product resulted from oxidation fol- 
lowed by the nitration of the resulting phenol. This was borne out 
by the coupling constants of the two aromatic protons, which were 
seen to he meta, and the chemical shift of H-2, which indicated it 
to he adjacent to a nitro group rather than a hydroxy. Struc- 
ture 11 [lol-ethynyltetrahydro-l~-hydroxy-4-(2-hydroxy-5-meth- 
oxy-3-nitrophenethyl) -7a-methyl-5(4H) -indanone] fits available 
data (Scheme I). 


Preoaration of Related ComDoundeA further verification of 
the positions of the substitueng on the aromatic ring, as well as 
confirmation of the location of the carbonyl, was made by the in- 
dependent synthesis of 6-(2-hydroxy-5-methoxy-3-nitrophenyl)- 
3-hexanone (III),. which was obtained from l-ethy1-1,2,3,4-tetrahy - 
dro-6-methoxynaphthalene (IV) (Scheme 11). Compound 111 was 
obtained by the exposure of IV to the air on silica and was identi- 
cal to the product obtained by the nitration of the alkaline hydrol- 
ysis product (V) from the reaction of 4-(2-hydroxy-5-methoxyphen- 
y1)butyryl chloride acetate (ester) and diethyl cadmium. In addi- 
tion to 111, a neutral compound, the lactone VI, was isolated fol- 
lowing nitration of the unhydrolyzed fraction. Alkaline hydrolysis 
of VI yielded 4-(2-hydroxy-5-methoxy-3-nitrophenyl)butyric acid 
(VII), which was also obtained by direct nitration of VIII. 


Several compounds closely related in structure to mestranol 
were also studied. Estrone 3-methyl ether, estradiol 3-methyl 
ether, and 3-methoxy-l,3,5-estratriene all yielded products similar 
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traces of HNO, 
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to 11. Estrone, which has a 3-hydroxy, was exposed to air on silica 
gel and yielded direct nitration products, 2-nitroestrone and 4-ni- 
troestrone. These compounds were identified by comparison of IR 
spectra with those of authentic samples (3). 


The nitration of estrone in acetic acid occurred instantaneously, 
resulting in products similar to those obtained on silica gel. These 
products had UV absorption peaks at  365 nm, which shifted to 
400-410 nm in alkali. 


The minimum necessary structure for thid reaction appears to 
be 1,2,3,4-tetrahydro-6-methoxynaphthalene (IX). Compound IX 
yielded two products in relatively small amounts, both of which 
had UV spectra similar to 11. One of these compounds had a strong 
carbonyl absorption, while the other was much weaker. Complete 
separation of these two compounds was not accomplished. Mass 
spectra on a crude sample indicated a molecular weight of 239, 
which is in agreement with Structure X (Scheme 111). 


Mechanism of Reaction-The pathway to the formation of 11 
and related compounds is most probably through a hydroperoxide 
intermediate. Extensive oxidation studies have been performed on 
cumene (4), tetralin (5-8), and closely related compounds (9). Both 
the conditions of the formation and the structures of the products 
obtained from mestranol and related compounds are similar to 
those produced from the simpler structures. 


The 3-methoxyestratrienes can be considered to be 1,2-disubsti- 
tuted 1,2,3,4-tetrahydro-6-methoxynaphthalenes (XI) (Scheme 


NaOH - f 


V 


IV). Oxidation of XI in the air produced a hydroperoxide (XII). 
Ionic decomposition of XI1 either by acid or base yielded a (2-hy- 
droxy-5-methoxypheny1)alkanone (XIII), which was then readily 
nitrated to the o-nitrophenol (XIV). Nitration occurring on the sil- 
ica gel carrier is facilitated because silica gel is an excellent scaven- 
ger for nitric acid and the oxides of nitrogen which are absorbed 
from the air (10). 


The hindered position of the hydroxy group between the nitro 
and alkyl groups is responsible for the absorption in the visible 
spectrum at  longer wavelengths than that for o-nitrophenol. The 
intense characteristic color of the 2-alkyl-4-methoxy-6-nitrophe- 
nols aids in their isolation. Although these compounds represent 
only a fraction of the starting compounds that have undergone a 
reaction on silica gel, they give strong evidence that the 3-methyl 
ethers of the estrogens are easily oxidized. 


The addition of metal salts to the silica gel accelerated the for- 
mation of 11. The rate of formation was about four times as fast in 
the presence of cupric ion as on the untreated carrier; i t  was also 
faster, but to a lesser extent, with ferric, manganic, nickelic, and co- 


d - HNO, & 
CH,O CH30 


Scheme III 
XIII XIV 
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Table I-Rate of Formation of I1 on Tricalcium Phospha te  
~ ~~~~ 


Milligrams of I Micrograms of I1 
per G r a m  of per G r a m  of Micrograms of I1 
Tricalcium Tricalcium per Milligram of 
Phosphate  Phosphate/100 hr I/100 hr 


1 .o 
2 . 5  
5 . O  


10 .o 
20 .o 


12  . 5 a  
15 .Oa 
16 . O  
18 . O  
2 0 . 5  


12  .5a 
6 .Oa 
3 . 2  
1.8 
1 .o 


Initial rate for first 50 hr. 


baltic ions. The pH of the silica also had an effect on the formation 
rate and the type of product formed. Although the amount of I1 
was initially the greatest a t  pH 9, the amount of I1 recovered from 
acidic silica gel was greater after several hundred hours of expo- 
sure. A large amount of unidentified dark material was found at  
the point of application of the material from alkaline silica gel, but 
only a small amount was found in this location with the acidic 
samples. 


Other powders were tested as carriers. Next to silica gel, trical- 
cium phosphate was the most effective in promoting the formation 
of 11. Due to its alkalinity, the tricalcium phosphate became pink 
instead of cream colored. The reaction occurred on or near the sur- 
face, so that an undisturbed sample became pink to  a depth of 2-3 
mm and remained colorless below that depth. In kinetic studies, 
the powder was mixed frequently and spread thinly to ensure that 
the reaction proceeded as rapidly as possible. 


The effect of concentration of I on tricalcium phosphate on the 
rate of formation of I1 was studied (Table I). The reaction rate was 
not first order with respect to I, indicating that some other limiting 
factor such as surface phenomenon is involved. The rate of forma- 
tion of I1 per milligram of I is the fastest a t  the lowest concentra- 
tion of I. 


Preparat ion of I1 i n  Solution-Compound I1 was also pre- 
pared by irradiating an acetic acid solution of I containing a small 
amount of nitric acid under fluorescent lamps a t  room tempera- 
ture. Compound I1 formed rapidly and reached a peak concentra- 
tion in less than 2 days. Exposure for a longer time brought about 
a rapid decrease in the concentration of I1 with a change in the so- 
lution color from bright yellow to brown. In the dark or in subdued 
light, the reaction proceeded at a much slower rate. A correspond- 
ing reaction mixture of the same composition, when heated on a 
steam bath for a few minutes, yielded no I1 even though the solu- 
tion darkened. 


When the oxides of nitrogen were destroyed by the addition of 
urea to the reaction mixture ( l l ) ,  the reaction proceeded more 
slowly both in the light and in the dark. After irradiation under a 
fluorescent lamp for 7 days, I1 was still present in appreciable 
amounts. By using urea nitrate as the nitrating agent, it was possi- 
ble to prepare I1 by warming the reaction mixture in a water bath 
a t  85'. The concentration of I1 reached a peak in about 90 min 
(Table 11). The amount of I1 in the reaction was never large; a t  its 
maximum concentration. it was about 5% of the initial amount of I. 


EXPERIMENTAL4 


Compound 11-Preparation on Silica Gel-One hundred 
grams of powdered silica gel5 was added to a solution of 1.0 g of I in 
110 ml of chloroform to make a slurry. The slurry was dried under 
a current of air;and the resulting powder was spread on a large fil- 
ter paper. The powder was mixed and respread weekly to expose 
new surface to the atmosphere. After 2 months, the powder was 
mixed with 200 ml of chloroform and poured onto a buchner fun- 
nel. The silica gel was washed with chloroform until the washings 
were colorless. 


The solution was then reduced in volume to 100-150 ml on a ro- 
tary evaporator. The chloroform solution was extracted with a 3% 
sodium hydroxide solution until the aqueous extracts were almost 


Meltine uoints were obtained on a Mel-Temu meltine-uoint auuaratus I. ._ 
and are unzdrrected. 


6 Both Syloid 63 (W. R. Grace and Co., Davison Chemical Division, Balti- 
more. Md.) and silica eel G (accordine to Stahl. E. Merck A.G.. Darmstadt. 


Table 11-Formation of I1 in Acetic Acid at  85" wi th  Urea 
Ni t r a t e  


Reaction Time, Concentration of I, Concentration of 
min mg/ml 11, r g / m l  


0 9 .5  0 
15 9 . 8  70 


8.75 115 
350 


30 
60 
90 8 . 1 2  500 


180 6.5 310 
240 5.9 65 


- 


colorless. The red-brown aqueous layer was then washed once with 
a small amount of chloroform, acidified, and extracted with chloro- 
form. The combined chloroform layers were washed once with 
water, dried over sodium sulfate, and evaporated to dryness on a 
rotary evaporator. The residue was dissolved in 2 ml of acetone 
and placed on a 1-mm silica gel G preparative TLC plate, which 
was developed with chloroform-ethyl acetate (9:l). 


The orange-yellow layer, which moved about one-third of the 
way up the plate, was removed and extracted from the silica gel 
with chloroform, and the residue was rechromatographed again in 
the same system. The compound was identified by placing the 
TLC plate in an ammonia chamber and observing the shift in color 
from orange-yellow to deep red-orange. The product was eluted 
from the silica gel with chloroform. Evaporation of the solvent left 
a small amount of orange oil, which crystallized upon scratching. 
The yield was 44 mg of material, mp 130-133' with slight soften- 
ing at  118'. 


Light-Catalyzed Preparation in Solution-Mestranol (I) (0.4 g) 
was added to  50 ml of acetic acid containing 2 ml of concentrated 
nitric acid. The solution was placed in a 50-ml Pyrex flask and 
stored in a light cabinet 25.4 cm (10 in.) from two 20-w fluorescent 
lamps. A similar sample was stored in the dark. The sample in the 
light cabinet became yellow within 16 hr and changed to a brown 
in about 2 days. No trace of I1 was observed by TLC of the sample 
exposed for 2 days, although it was detected at  30 hr. I t  was still 
present in a sample after storage in the dark for 18 days. 


The acetic acid solution was poured into five times its volume of 
water and extracted with chloroform until no color was apparent in 
the organic layer. The combined chloroform extracts were washed 
with water, and the isolation of the product was carried out in the 
same way as was described for the product obtained on silica gel. 
When the reaction mixture was diluted by increasing the amount 
of acetic acid to 200 ml, the product both formed and decomposed 
at  a slower rate. When the amount of acetic acid was decreased to 
12 ml, the sample became brown within 5 hr in the light and no I1 
was detectable on TLC. 


Preparation in Acetic Acid with Urea Nitrate-Mestranol (I) 
(1.27 g) was dissolved in 160 ml of acetic acid, and 3.2 g of urea ni- 
trate was added. The solution was brought t o  83-85' in a water 
bath and held there for 2 hr. The flask was removed from the bath 
and cooled. The acetic acid solution was worked up as previously 
described to yield 73.9 mg of 11; 0.97 g of mestranol was recovered. 
No I1 was obtained when an identical reaction mixture was re- 
fluxed for 10 min, even though the solution developed an orange 
color. 


Estrone 3-methyl ether (12), estradiol 3-methyl ether, and 1- 
ethyl-1,2,3,4-tetrahydro-6-methoxynaphthalene (13) were treated 
in the same manner as I and yielded products that were similar t o  
11. 3-Methoxyestratriene prepared from 3-hydroxyestratriene (14) 
also yielded a similar product; hut since the sodium and lithium 
salts of the ketonitrophenol were very soluble in chloroform, i t  
could not be isolated by the method that was satisfactory for the 
other compounds. Removing the chloroform and replacing it with 
n- hexane6 made possible the separation of the phenolic product 
from the starting material. The elemental analyses and melting 
points for these products are given in Table 111. 


Compound VII-Two grams of 4-(2-hydroxy-5-methoxyphen- 
y1)butyric acid (VIII) (15) was dissolved in 400 ml of acetic acid 
and 2 ml of concentrated nitric acid was added. After 1 min, an 
equal volume of water was added and the mixture was poured into 


6 Skellysolve B. 
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Table 111-Ketonitrophenols 
CHJO &J 


Empirical Molecular Melting Analysis, % 


Reactant R Formula Weight Point Gale. Found 


Mestranol 


Estradiol 3-methyl ether 


Estrone %methyl ether 


l-Ethyl-1,2,3,4-tetrahydr0-6-methoxy- 
naphthalene 


387 .42 


363.40 


381 .38 


347.40 


267.27 


130-133' C 65.10 
H 6 .50  
N 3 .62  


99-101" C 62.70 
H 6 . 9 3  
N 3 .55  


120-123O C 63.14 
H 6 .42  
N 3.88 


107-110' C 65.69 
H 7 .25  
N 4 . 0 3  


62-65' C 58.42 
H 6 .41  
N 5 . 2 4  


65.35 
6 .47  
3 .60  


62.96 
7.13 
3 . 7 8  


63.33 
6 .67  
4.09 


65.91 
7 . 5 5  
4 . 0 1  


58.13 
6 . 6 6  
5 .24  


1600 ml of water and extracted with chloroform. The chloroform 
solution was washed once with water and extracted with sodium 
bicarbonate solution. The alkaline solution was slowly acidified 
with dilute hydrochloric acid and then extracted with chloroform. 
The chloroform layer was washed with water and dried over sodi- 
um sulfate. The residue remaining after evaporation was recrystal- 
lized from acetone; 0.5 g, mp 126-129", was obtained. 


Anal.-Calc. for CllH13NOG: C, 51.76; H, 5.13; N, 5.49. Found: 
C, 51.47; H, 5.03; N, 5.51. 


Compound 111-Two drops of concentrated sulfuric acid were 
added to a solution of 2 g of VIII in 10 ml of acetic anhydride. This 
solution was warmed to 40-45O and then was allowed ta stand at 
room temperature for 30 min. The solution was poured into water 
and extracted with chloroform. After drying over sodium sulfate, 
the solvent and excess acetic anhydride were removed under re- 
duced pressure. The residue was dissolved in thionyl chloride and 
warmed to start the reaction. When the reaction had subsided, the 
excess thionyl chloride was removed under feduced pressure. The 
residue was dissolved in ether and was added to a solution of di- 
ethyl cadmium (16). When the addition was completed, the mix- 
ture was refluxed for 1 hr. After cooling, cracked ice ?as added to 
the reaction mixture. Enough diluted sulfuric acid was then added 
to dissolve the white precipitate which had formed. 


The ether layer was separated and extracted with sodium bicar- 
bonate solution to remove any unreacted starting material. The 
ether solution was next extracted with sodium hydroxide solution. 
The sodium hydroxide solution was acidified and extracted with 
chloroform. The chloroform layer was washed with water, dried, 
and evaporated to dryness. The residue was dissolved in 10 ml of 
acetic acid, and the resulting solution was treated with a few drops 
of concentrated nitric acid. After 1 min, the solution was worked 
up as previously described. Five milligrams of a compound identi- 
fied as I11 was obtained. 


The ether layer was washed with water, dried over sodium sul- 
fate, and evaporated to dryness. The oily residue was dissolved in 
15 ml of methanol, and 5 ml of 3% sodium hydroxide in water was 
added. After 20 min, the solution was poured into water and ex- 
tracted with chloroform. The chloroform solution was then ex- 
tracted with sodium bicarbonate solution, washed with water, and 
dried. After removal of the solvent on a rotary evaporator, the resi- 
due was dissolved in acetic acid and treated with concentrated ni- 
tric acid. The reaction mixture yielded 27 mg of a material melting 
at 56-62'; the IR and NMR spectra of this material were identical 
to those of 111 prepared from IV. 


When the neutral fraction was nitrated in acetic acid, one prod- 
uct was a material that moved at  the_ solvent front on TLC. This 
product was isolated as an oil and was extracted from chloroform 
into sodium hydroxide solution. After acidification of the alkaline 
solution, the product was isolated as a yellow crystalline com- 
pound, mp 127-128". The IR spectrum for this compound was 
identical with that of VII prepared by direct nitration of VIII. 


Kinetic Studies-Acetic Acid Solution-Ten 5-ml glass-stop- 
pered flasks containing 4 ml of acetic acid, 40 mg of I, and 200 mg 
of urea nitrate were placed in a water bath maintained at 83-85". 
The flasks were removed at  intervals between 15 rnin and 4 hr and 
immediately placed in an ice bath. The solutions were assayed for I 
using the colorimetric method described by Templeton et al. (17). 
Compound I1 was separated by TLC and eluted from the silica gel 
with chloroform. The concentration of I1 was determined by mea- 
suring the solution at  407 nm, using a solution of previously pre- 
pared I1 as a standard. 


Dispersed on a Dry Powder Carrier-Mestranol was placed on 
tricalciurn phosphate or silica gel a t  concentrations of 1-20 mg of 
I/g of carrier by making a chloroform slurry. The resulting dried 
powders were spread to a depth of about 0.5 cm in an open half of 
a petri dish and placed on a benchtop in the laboratory. The sam- 
ples were mixed and respread frequently to ensure an even expo- 
sure to the atmosphere. From 0.5 to 2 g of the powder was removed 
periodically and placed in a tight screw-capped amber glass bottle. 
When all samples had been collected, I1 was isolated and the con- 
centration was determined as previously described. 
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Lidocaine Hydrochloride Absorption from a 
Subcutaneous Site 


BERTON E. BALLARD 


Abstract Subcutaneous disappearance of lidocaine hydrochlo- 
ride was followed as a function of time using a specially designed 
“closed” subcutaneous absorption cell affixed to anesthetized rats. 
Unbuffered, stirred lidocaine hydrochloride solutions in cells open 
to the atmosphere were previously shown to increase in pH with 
time because of carbon dioxide loss. The closed cell was designed 
to prevent this loss, but pH shifts still occurred, making the deri- 
vation of a simple pharmacokinetic absorption model impossible. 
Because the pH of the solution shifted to higher pH values, the 
data suggest that precipitation of lidocaine base may have oc- 
curred in some experiments. 


Keyphrases 0 Lidocaine hydrochloride-absorption from subcu- 
taneous site, design of closed subcutaneous absorption cell 0 Ab- 
sorption-lidocaine hydrochloride from subcutaneous site, design 
of closed subcutaneous absorption cell, effect of pH changes 
0 Parenteral dosage forms-lidocaine hydrochloride absorption 
from subcutaneous site, design of closed subcutaneous absorption 
cell 


Since the publication of Schou’s (1) review of drug 
absorption from subcutaneous connective tissue, 
there has been an increasing interest in quantitative- 
ly measuring the absorption rates of drugs in aqueous 
solution from the subcutaneous site (2-8). Quantita- 
tive measurements of drug absorption rates should 
result in a better understanding of which of the many 
possible pharmacokinetic models are appropriate for 
describing subcutaneous drug absorption of various 
drugs and of what mechanisms are involved in subcu- 
taneous drug absorption. To date, there has not been 
a study where different commercial products con- 
taining the same drug have been compared in their 
absorption behavior from the subcutaneous region 
under conditions where the drug was sampled period- 
ically a t  the subcutaneous absorption site, where the 
solution was continuously stirred, and where the sur- 
face area for absorption was held constant. 


The purposes of this report are to develop and dis- 
cuss the strengths and weaknesses of experimental 


methods that might be useful in comparing the sub- 
cutaneous absorption behavior of commercially pre- 
pared parenteral dosage forms of lidocaine hydro- 
chloride. This drug might be considered a model 
compound for this purpose, because many parenteral 
drugs are water-soluble salts of weak organic bases 
and the unionized base often has limited water solu- 
bility. 


EXPERIMENTAL 


Animals-Female Sprague-Dawley rats were used. The anes- 
thesia and the method used for surgically exposing the subcuta- 
neous tissue were described previously (3). 


Reagents-Lidocaine hydrochloride was obtained from two 
manufacturers’**. According to the label claims, each preparation 
contained (per milliliter) 10 mg of lidocaine hydrochloride, 7 mg of 
sodium chloride, 1 mg of methylparaben, and sodium hydroxide to 
adjust the pH. Both preparations conformed to the standards for 
lidocaine hydrochloride injection USP without epinephrine (9). 
Cyclizine hydrochloride3 (10.11) was used as an internal standard 
for the GC analysis a t  a concentration equivalent to 243 mg of cy- 
clizine basehiter in 0.1 N HCl. The n- hexane used as the extrac- 
tion solvent in the procedure was of spectrographic grade4. All 
water was double-distilled from dissolved potassium permanga- 
nate. All glassware except the microsyringes was initially cleaned 
in concentrated nitric acid. 


Subcutaneous Absorption Cell-The design of the absorption 
cell used in this study differed somewhat from that used in previ- 
ous work (3). The glass cell was nearly hemispheric in shape, where 
the maximum distance from one inside point of the open end to 
another inside point was 19 mm and the distance between the top 
inside point and the plane across the open end of the cell was 10 
mm. Two holes were made in the top region of the cell. One hole, 
used for the stirrer, was a t  the top center of the cell when the cell 
was placed flat on a horizontal surface. A glass tube was fused to 
the glass surrounding this hole, and the tube extended 3 mm up 


Lot L 107770, Astra Pharmaceutical Products, Worcester, Mass. 
Lot 2016923C, Invenex Pharmaceuticals. Grand Island, N.Y. 


a Marezine, Burroughs Wellcome & Co., Research Triangle Park, N.C. ‘ Spectroquality reagent, Matheson, Coleman and Bell, East Rutherford, 
N.J. 


Hamilton Co.. Whittier, Calif. 
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Role of Carbonate in Aluminum Hydroxide Gel 
Established by Raman and  IR Analyses 


Keyphrases 0 Carbonate-role in aluminum hydroxide gel, 
Raman and IR analyses 0 Aluminum hydroxide gel-role of car- 
bonate, Raman and IR analyses Raman spectroscopy-associa- 
tion of carbonate and aluminum in aluminum hydroxide gel IR 
spectroscopy-association of carbonate and aluminum in alumi- 
num hydroxide gel 


To the Editor: 
Aluminum hydroxide gel has been recognized as an 


effective antacid by the Food and Drug Administra- 
tion (FDA) (1) and is included in USP XVIII (2). 
However, FDA makes no attempt to describe the 
structure of aluminum hydroxide gel. The USP states 
that aluminum hydroxide gel contains the equivalent 
of 3.6-4.4% of aluminum oxide in the form of alumi- 
num hydroxide and hydrated oxide. This statement 
does not fully describe aluminum hydroxide gel, since 
a number of reports (3-6) have concluded that anions 
present during precipitation are incorporated in the 
gel structure and act to stabilize the gel. Carbonate 
ion is the most effective in stabilizing the gel (3). For 
this reason, reactive aluminum hydroxide gels usually 
contain carbonate. In this communication, we report 
that Raman and IR spectroscopy clearly demonstrate 
that an association exists between carbonate and alu- 
minum in aluminum hydroxide gel. Thus, carbonate 
is an integral part of reactive aluminum hydroxide 
gel and is not simply present in solution or as a void- 
filling occluded ion. 


The Raman spectrum of carbonate ion in solution 
was compared to the Raman spectrum1 of aluminum 
hydroxide gel and to a crystalline sodium aluminum 
hydroxy carbonate gel. The aluminum hydroxide gel 
was prepared, following a previously described proce- 
dure (31, by the addition of a solution of aluminum 
chloride to a solution of sodium carbonate and sodi- 
um bicarbonate until pH 6.5 was reached. The alumi- 
num hydroxide gel was amorphous by X-ray diffrac- 
tion, contained the equivalent of 3.2% A1203, and was 
fully reactive as measured by the acid-consuming ca- 
pacity test (2). The amount of carbonate in the gel 
was determined by the gasometric determination of 
carbon dioxide (7). The gel evolved 1.4% C02. 


A crystalline sodium aluminum hydroxy carbonate 
gel containing 6.9% NaA1(OH)2CO3, which is equiva- 
lent to 2.4% A1203, was evaluated by Raman and IR 
spectroscopy. The crystalline gel contained the 
equivalent of 2.8% COa and possessed X-ray diffrac- 
tion bands at  5.67,3.38, 2.784, 2.601, 2.151, 1.988, and 
1.728 A, which identify the gel as dawsonite (8). 


The Raman spectrum of carbonate ion in solution 
(9) has a very strong band a t  1063 cm-l, weak bands 
a t  1415 and 680 cm-', and an inactive band a t  880 
cm-'. The Raman spectrum of the amorphous alumi- 
num hydroxide gel has a broad band ranging from 


1060 to 1174 cm-' with the maximum a t  1120 crn-'. 
The crystalline sodium aluminum hydroxy carbonate 
has a sharp band a t  1090 cm-I. 


The change in the band at  1063 cm-l from a sharp 
peak for carbonate ion in solution to a broad band 
centered at  1120 cm-I in the amorphous gel indicates 
that varying degrees of interaction are occurring be-, 
tween the oxygens of the carbonate ion and alumi- 
num in the gel. These interactions destroy the sym-' 
metry possessed by the carbonate ion in solution, and 
the loss of symmetry causes a shift in the peak posi- 
tion. In aluminum hydroxide gel, numerous degrees 
of association are possible due to the amorphous na- 
ture of the gel. Therefore, the carbonate peak ap- 
pears as a broad band reflecting the varying degrees 
of association of carbonate with aluminum. 


In crystalline sodium aluminum hydroxy carbon- 
ate, a sharp peak appears a t  1090 cm-'. This shift in- 
dicates that the symmetry of carbonate ion is de- 
stroyed due to the association of carbonate with alu- 
minum. However, the carbonate is associated with 
the aluminum in only one environment, as indicated 
by the sharp peak. 


The IR spectra also indicate that definite associa- 
tion exists between carbonate and aluminum in alu- 
minum hydroxide gel. Because of interference by 
strong water bands in the 1400-1700-cm-' region, 
the IR spectra2 were run as air-dried films of the gels 
on a zinc sulfide3 window. 


The IR spectrum of sodium carbonate has bands at  
1450,880, and 720 cm-l (10). In aluminum hydroxide 
gel, bands associated with carbonate occur a t  1525, 
1415,1100, and 850 cm-l. The band at  1450 cm-' for 
sodium carbonate has split into two bands, 1525 and 
1415 cm-l, in aluminum hydroxide gel. Nakamoto 
(10) and Healy and White (11,12) showed that when 
carbonate ion coordinates to a. metal, the v3 vibration 
splits into two bands. The magnitude of the splitting 
has been shown to be dependent on whether a uni- or 
a bidentate complex forms. 


Carbonate bands occur a t  1580, 1390, 1080, and 
840 cm-l in the crystalline sodium aluminum hy- 
droxy carbonate. The carbonate band occurring at  
1450 cm-l for sodium carbonate has again split, but 
the magnitude of the split is 190 cm-I for the crystal- 
line gel in comparison to 110 cm-I for the amorphous 
gel (Fig. 1). The magnitude of the split of this car- 
bonate band may be useful in predicting the acid re- 
activity of aluminum hydroxide gel. 


In addition to the splitting of the degenerate vibra- 
tion, the appearance of the inactive band at 1100 
cm-l in the amorphous gel and 1080 cm-I in the 
crystalline gel is also typical of a substantial lowering 
of symmetry due to association between carbonate 
and aluminum (12). 


Thus, i t  is concluded that Raman and IR spectros- 
copy are useful tools for studying the role of anions in 
stabilizing aluminum hydroxide gel. Raman spectros- 
copy is especially useful because water does not inter- 
fere and the gels can be run in their natural condi- 


~~~~~ 


' Raman spectra were run on a Spex RAMALOG 4, courtesy of Spex In- 
dustries, Metuchen, N.J. 


Model 421, Perkin-Elmer Corp., Norwalk, Conn. 
Irtran 2, Eastman Kodak, Rochester, N.Y. 
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Figure l-IR spectra of 1200-1800-cm-1 region. Key: A, 
sodium carbonate; B, aluminum hydroxide gel; and C, sodium 
aluminum hydroxy carbonate. 


tion. Both methods clearly indicate that carbonate is 
associated with aluminum in aluminum hydroxide 
gel and should be recognized as an integral part of 
the structure of reactive aluminum hydroxide gel. 


A report on the role of carbonate in aluminum hy- 
droxide-type antacids is in preparation. 
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Cytolytic Effects of Bromoacetylcholine on 
Neuroblastoma In Vitro 


Keyphrases 0 Bromoacetylcholine-cytolytic effects on neuro- 
blastoma in uitro 0 Neuroblastoma-cytolytic effects of bromo- 
acetylcholine in uitro 0 Cancer chemotherapeutic agents-cytoly- 
tic effects of bromoacetylcholine on neuroblastoma in uitro Cy- 
tolytic activity-hromoacetylcholine on neuroblastoma in uitro 


To the Editor: 


Neuroblastoma, probably the most common solid 
cancer in children (l), is treated with vincristine and 
cyclophosphamide. However, the remission rate in 
neuroblastoma patients is quite low and the duration 
of drug effectiveness is fairly short (2-4). Thus, new 
chemotherapeutic agents are needed to cope with 
this highly malignant tumor. 


Recent studies revealed that the nature of neuro- 
blastoma cells can be cholinergic, adrenergic, or inac- 
tive (5-8). I t  is also known that acetylcholinesterase 
is present in all cases and that these cells possess 
membranes that respond to acetylcholine and are 
electrically excitable, indicating the existence of cho- 
linergic receptors a t  the membrane site (7, 9). At- 
tempts made to destroy these tumor cells with an ir- 
reversible adrenolytic agent, 6-hydroxydopamine 
(lo), have met with only partial success, possibly due 
to the inhibition of adrenergic components without 
an affect on the cholinergic parts of these tumor cells. 
Therefore, we proposed to kill these tumor cells 
with irreversible cholinolytics or with cholinergics 
such as bromoacetylcholine perchlorate, 
BrCH2COOCH2CH2+N(CH3)3.C104-. 


Bromoacetylcholine is a cholinergic agonist which 
stimulates both nicotinic and muscarinic receptors 
directly (11-13). However, when it  is incubated with 
cell membranes for 15 min or longer, it binds irre- 
versibly and specifically to the cholinergic receptor a t  
the nicotinic site but not at the muscarinic site (11, 
14). Therefore, i t  was thought that this compound 
might inhibit the growth of neuroblastoma cells. In 
this investigation, bromoacetylcholine inhibited the 
growth of neuroblastoma effectively at  concentra- 
tions of 10-6-10-5 M. Therefore, i t  is hoped that bro- 
moacetylcholine can be used to treat the malignant 
tumor. 
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Practical Kinetics 111: Benzodiazepine Hydrolysis 


H. V. MAULDINGX”,J. P. NAZARENO, J. E. PEARSON, and 
A. F. MICHAELIS 


Abstract 0 The velocity constants for chlordiazepoxide hydrolysis 
were measured by independent techniques. A quantitative TLC 
kinetic procedure is compared with an extractive method. The 
data derived from both processes are in approximate agreement, 
further exemplifying the feasibility of TLC for rapid stability eval- 
uation of liquid formulations as well as solution kinetic studies. In 
the extractive procedure, benzodiazepine-substrate was separated 
from the lactam product by methylene chloride extraction of acidic 
aqueous solution. The TLC procedure consisted of separation on 
silica gel plates followed by elution and subsequent analysis. The 
log k-pH relationship for the hydrolysis representing water addi- 
tion coupled with expulsion of methylamine is presented. This 
function is characterized by water and hydroxide-ion attack on 
monoprotic species along with specific hydrogen-ion catalysis a t  
higher hydronium-ion concentrations, and the rate law for the de- 
composition of chlordiazepoxide is given. Through several half- 
times (pH 0.15-11.5, 79.5O), this hydrolytic reaction generating 
lactam predominated; however, more benzophenone was formed as 
the pH decreased. Velocity constants were invariant over a 200- 
fold concentration range. The subsequent acid-facilitated cleavage 
of lactam to benzophenone was not further investigated. Both gen- 
eral acid catalysis and general base catalysis were evidenced, with 
borate, acetate, formate, and phosphate buffers accelerating the 
conversion of chlordiazepoxide to lactam. At  pH values below neu- 
trality, nonlinear dependency of the rate constant on buffer con- 
centration was observed. This finding may be explained by a 
change in the rate-determining step as buffer concentration varied. 


Keyphrases 0 Benzodiazepines-hydrolysis of chlordiazepoxide, 
velocity constants, conversion to lactam, TLC and extraction pro- 
cedures compared 0 Chlordiazepoxide-hydrolysis, velocity con- 
stants, conversion to lactam, TLC and extraction procedures com- 
pared 0 Hydrolysis-benzodiazepines, velocity constants for 
chlordiazepoxide hydrolysis, TLC and extraction procedures com- 
pared 0 Kinetics-benzodiazepine hydrolysis 


This investigation was undertaken to study the ki- 
netics of chlordiazepoxide hydrolysis as well as to 
compare pertinent rate data concerning breakdown 
of the compound using both classical and quantita- 
tive TLC analytical techniques. 


TLC techniques have been utilized in these labora- 
tories for rapid determination of solution stability of 
diverse classes of medicinal agents. TLC is applicable 
when separations of reactant-product(s) are avail- 
able, coupled with satisfactory analytical procedures 
for eluted compounds. 


The benzodiazepines were of interest because they 
represent prototypes giving mutual substrate-prod- 
uct interference in the UV region, limiting straight 
UV spectroscopy in their study (1).  Therefore, a ki- 


netic study of the hydrolysis was instituted using 
both quantitative TLC and spectrophotometric (fol- 
lowing separation of reactants from products) meth- 
ods. The aim, besides delineation of the kinetic pro- 
file of chlordiazepoxide hydrolysis, was to compare 
the agreement between techniques. 


In the spectrophotometric procedure, the lactam 
formed by hydrolysis was readily removed from acid- 
ic solutions of the parent, chlordiazepoxide, by parti- 
tioning into methylene chloride, allowing a compara- 
tive means for determination of velocity constants. 


EXPERIMENTAL 


Materials-Glass-distilled water was used in all experiments. 
Reagent grade inorganic salts were employed without further puri- 
fication. 


Chlordiazepoxide reference standard’, 7-chloro-1,3-dihydro-5- 
phenyl-2H-1,4-benzodiazepin-2-one 4-oxide reference standard’, 
and 2-amino-5-chlorobenzophenone1~2 were used. 


Kinetic Measurements-Stock Solution 1A was prepared con- 
taining 0.90 mg/ml chlordiazepoxide. Two milliliters of this solu- 
tion was pipetted into 200-ml flasks containing 198 ml of appropri- 
ate buffer solution previously equilibrated at  the specified temper- 
ature, giving a final concentration of 2.98 X M. Ten-milliliter 
samples were periodically withdrawn by pipet and then acidified 
below pH 1.1 by dropwise addition of concentrated hydrochloric 
acid. 


The aqueous acidic solution was extracted with 3 X 10-ml por- 
tions of reagent methylene chloride (methylene chloride was dis- 
carded) in a separator, and the aqueous layer was read in the UV 
at 244 (or 305) nm. Residual absorbances were generally less than 
5% of the initial readings and were subtracted for calculation of ve- 
locity constants. First-order rate constants were readily evaluated 
from: 


kO& = 0.693/t (Eq. 1) 


The observed rate constants derived in this manner were generally 
reproducible within f1096. 


Stock Solution 2A of chlordiazepoxide (1-2 mg/ml) in appropri- 
ate buffer solutions was prepared and placed in constant-tempera- 
ture baths, 79.5O; aliquots were withdrawn periodically by pipet. A 
0.25-ml sample was streaked3 by means of a streaker apparatus4 on 
20 X 20-cm, 250-pm, silica gel fluorescent plates5. One sample was 
placed on each half of the scored plate with drying by warm air. 
The plate was developed in fresh benzene-dioxane-ethanol- 
ammonia (5044:51), and the silica gel band corresponding to the 


NF reference standards. 
Aldrich Chemical Co., Milwaukee, Wis. 
Amlied Science Laboratories Cataloe No. 17710. Hamilton svrince. “ _ .  


Hamfiion Co., Whittier, Calif. 


Analtech, Newark, Del. 
* Catalog No. 1700, Applied Science Laboratories. Inc., State College, Pa. 
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Table I-Observed First-Order Rate C 0 n s t a n t 3 ~ ~ ~  (k&s in hr-l) for Hydrolysis of Chlordiazepoxide 
(2.98 X M at 79.5 f 0.lo, Ionic Strength 0.5)" 


PHd Buffer, Molarity kobsr hr -1e 


0.14 
0.24 
0.38 
0.46 
0.55 
0.84 
1.12 
1.40 
1.76 
2.05 


1.70 
1.76 
2.0 
2.5 


3.0 
3 .5  
3.75 
4.0 


4.0 
4 .5  
5 .0  
5 .4  


6 .0  
7 . 1  
7.9 


8 .9  
10.9 
11.5 


[HCI 1 
1 .0  
0 .8  
0 .6  
0.5 
0.4 
0.2 
0 . 1  
0.05 
0.02 
0.01 


[Hap04 1 
0 . 3  
0.25 
0 .2  
0.1 


[HCOOH] 


1 . 0  
- 
- 


[Hd?Oa - 1 
0 .2  
0.25 
0 . 3  
0 .4  


[HCOO - ] h  


-. 


- 
-. 


- 


[CH&OO - I h  
- 
_. 


- 
- 


[HPOI -' ] 
0.0605 
0.0579 
0.06 
[NaOH ] 


0.5 
0.02 
0.10 


0.250 


1.51 
1.14 
0.91 
0.82 
0.64 
0.36 
0.26 
0.18 
0.14 
0.12 
0.50 


0.34 
0.36 
0.31 
0.27 
0.1' 


0.49 
0.48 
0.39 
0.36 
0.2' 


0.28 
0.25 
0.25 
0.23 
0.1' 


n 37 
0.29 
0.25 
0.24 


0.29j 
0. 23k 
0.23' 


0.38 
0.32 
0.33 
0.28 
0.2' 


0.52 
0.39 
0.28 
0.26 


0.36; 
0.24' 
0.22' 
0.lm 


- 


0.24 
0.23 
0.22 


- 
- 
- 
- 
- 


0.311 
0.201 
0.16f 
0.121 
0.111 
0.750 


0.61 
0.60 
0.47 
0.43 
0.3' 


0.46 
0.39 
0.40 
0.33 
0.3' 


0.67 
0.47 
0.32 
0.29 


0.44i 


~ 


__ 


~ 


- 
- 


0.5m 


0.27 
0.221 
0.231 


- 


1 . O R  


0.72 
0.70 .... 


0.57 
0.52 
0.5' 


0 . 6 5  . . _ _  
0.53 
0.55 
0.38 
0.5' 


0.94 
0.63 
0.36 
0.35 


__ 


0.53i 
- 


- - W a t e r  - 0.18" 0.23O 


a Analyses consisted of acidification with concentrated hydrochloric acid (dropwise) to pH about 1.1 of a 10-ml aliquot of chlordiazepoxide (2.98 X 10-1 M )  
in appropriate buffer solution followed by extraction with 3 X 10 ml of methylene chloride. The aqueous solution was monitored a t  either 244 or 307 nm. Acidic 
solutions were extracted directly with methylene chloride and read. 6 The koba value was reproducible f 10% from run to run. C Ionic strength was made to 0.5 
M with sodium chloride except with 0.5 M HCl or where otherwise specified. d The pH values of buffera were measured a t  79-80'' on a Metrohm pH meter 
standardized a t  this temperature. The pH of hydrochloric acid and sodium hydroxide solutions were calculated.from pH = -log rf [HCI] and pKw = pH + 
pOH,..where pOH = -log rf [NaOH]. Activity coefficient, r f ,  and pKw data were available in the literature (2). e Velocity constants were determined at 
least rn duplicate. Values given are averaged. 1 These constants were determined without addition of sodium chloride to 0.5 M. 0 Four columns represent 
[HaPO~l/[H~PO~-l  a t  ' /4, I/?, 3 / r ,  and 1 X molar concentrations of that stated under buffer heading. Buffer was prepared by addition of 1 N HCl to 0.5 M 
NaHzPOl. HIO. h Formate and acetate buffers were made by dissolving 0.5 M NaOH in water followed by addition of formic or acetic acid to  the desired pH 
and then distilled water to 1 liter. i Runs made in 0.1, 0.2, 0.3, and 0.5 M acetate and formate, reapectively. i Carried out a t  0.35, 0.21, 0.14, and 0.07 M 
with regard to total buffer. k Ionic strength = 0.2. 2 Run a t  0.5 M total buffer. m Run in 0.1 and 0.5 M with regard to each buffer component. n Chlordiaze- 
poxide hydrochloride in dis t ied water. 0 Chlordiazepoxide base in distilled water. 


starting material was marked under UV light. 
The silica gel containing the chlordiazepoxide was removed by 


scraping and extracted with 25 ml of methanol, followed by filtra- 
tion through a sintered-glass filter. The filtrate was made up to 50 
ml and read6 at 305 or 244 nm. Log absorbance was plotted versus 
time, and hob values were obtained using Eq. 1. Rate constants 
were reproducible within f1W. Residual absorbance was nil at 
both wavelengths. 


The pH determinations were made7 at  specified temperatures 
standardized with phthalate and borate buffers (pH 4 and 9.2, re- 
spectively) (2). The pH value of hydrochloric acid and sodium hy- 
droxide solutions was determined from pH = -log Q H C ~  and pKw + pOH where pOH = -log QN,,OH. The values for the activity coef- 
ficients are available from the literature (3). 


Buffers were prepared as stated in Table I. Sodium chloride ws's 
added to ionic strength 0.5 unless otherwise specified. 


Product Analysis-The products of the hydrolysis of chlordia- 
zepoxide are the corresponding lactam and benzophenone and, oc- 
casionally, a spot of unknown origin. These are separated from one 


Cary 14 recording spectrophotometer. 
Metrohm pH meter. 


another readily by TLC, employing fresh solutions of benzene- 
dioxane-ethanol-ammonia (50:44:5:1 or 60:305:1). The following 
R f  values were obtained from two systems: 


60:30:5:1 50:44:5: 1 


chlordiazepoxide 0.5 0.65 
lactam 0.4 0.55 


unknown 0.7 0.8 
benzophenone 0.95 0.95 


These Rf determinations were made by spotting 0.25 ml of a 2- 
mg/ml solution on silica gel fluorescent plates5. The Rf values may 
change slightly from day to day and run to run but their relation- 
ship to each other remains relatively constant. 


RESULTS AND DISCUSSION 


The chemistry and kinetics of hydrolysis of several benzodiaze- 
pines were reported previously (1). The reaction under consider- 
ation is the transformation (Scheme I) of neutral or cationic chlor- 
diazepoxide (I or IH+) to the lactam (11). Further decomposition to 
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Figure 1-Rate-pH profile for the hydrolysis of chlordiaze- 
poxide at 79.5' and ionic strength 0.5 M. Values of ko, except 
those in hydrochloric acid and sodium hydroxide solution, 
were obtained from extrapolation of plots of koba against buffer 
concentration. The circles indicate actual data points or the ex- 
trapolated value. The three dashed-line segments are indica- 
tive of k H + ,  kH+, and  OH-, with the solid line illustrating a 
summation of the three. 


the yellow benzophenone (111) occurred in all of the more acidic 
reaction mixtures, as previously reported (1). 


Intermediates with the diazepine ring opened were reported but 
were apparently not present in appreciable amounts under the 
conditions of this study (1). 


The benzophenone was not observed to cause interference with 
the extractive analytical method, because it was separable along 
with lactam from aqueous acidic solutions containing the starting 
material. 


The hydrolysis of chlordiazepoxide followed strict first-order ki- 
netics in each run. The observed first-order rate constants, kobsr 
were evaluated utilizing Eq. 1 or: 


log(A, - A 3  = log(& - A,) - h,,,,,t/2.303 (Eq. 2) 


0 
I or IH' 


I1 I11 


Scheme I 


Table 11-Effect of Ionic Strength on Hydrolysis of 
Chlordiazepoxide in Acidic Solution at 79.5O 


hr  - I  
Additional Ionic Strength from 


Sodium Chloride. iW 
[HCl] pH0 0.0 0.17 0.43 0.96 


0 . 0 1 N  2.05 0.110 0.113 0.119 0.097 
0.02N 1.76 0.120 0.125 0.131 0.134 
0.04N 1.49 0.136 0.148 0.158 0.167 
0.06N 1.32 0.154 0.173 0.205 0.198 
O .10N 1.12 0.207 0.253 0.284 0.312 


a Measured pH values with hydrochloric acid added where necessary to 
bring solutions in each set to constant pH value. * Total ionic strength for 
each experiment is total of the concentration of hydrochloric acid in the left 
column plus additional ionic strength by sodium chloride addition. The 
exact amounts added were 2, 5, and 11 g of NaC1/200 ml of reaction solu- 
tion. 


where At, Ao, and A, represent absorbances at  times t, 0, and in- 
finity, respectively. 


With the TLC procedure, A, is 0, thus simplifying Eq. 2. Plots 
derived from Eq. 2 exhibited linearity over three or more half- 
times, with residual absorbances in the vicinity of 3% of the initial 
value for the extractive procedure. 


The A,, 245 nm was employed for spectrophotometric readings 
in this work, although the maximum at  305 nm is equally suitable 
from a theoretical as well as practical point of view. 


"Rate constants were invariant over a 200-fold chlordiazepoxide 
concentration range. 


Catalysis by Hydrogen Ions and Solvent-The pH dependen- 
cies of the observed first-order rate constants, k o b ,  in the absence 
of general acids and bases, ko, is shown in Fig. 1. The k o  plotted in 
Fig. 1 was derived from reaction mixtures containing only hydro- 
chloric acid (Tables I and 11) or from the intercepts of graphs of 
kobs versus total buffer concentrations of 0.02-0.1 M between pH 
2.5 and 5.0 (Fig. 2 and Table 111). The estimation of ko between pH 
6 and 11.5 was obtained from sodium hydroxide solutions or by ex- 
trapolation of k 


Chlordiazepoxide normally exists in two ionic forms under the 
conditions studied (4). The log kwpH profile (Fig. 1) consists of 
three portions. These segments are hydrogen-ion-catalyzed hy- 
drolysis of protonated substrate and the interaction of water and 
hydroxide with the same substrate (5). A second alternative for hy- 
droxide reacting with protonated substrate is the kinetically equiv- 
alent interactions of water with neutral chlordiazepoxide, thus 
producing a curve of the shape previously reported (6). The ex- 
pression: 


to zero buffer concentration (Table I). 


ko = (k,*aH* + ~ H , O  + k~~~~-[OH-I)fHH* (Eq. 3)  


where k o ~ - [ o H - ] f ~ ~ +  is kinetically equivalent to k&B, is char- 
acterized in Fig. 1. The terms fBH+ and f B  are the fractions of 
chlordiazepoxide present in the protonated and neutral forms, 
with aH+ being the hydrogen-ion activity. The second-order veloci- 
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Figure 2-Influence of p H  
1.9 phosphate buffer on 
hydrolysis of  chlordiaze- 
poxide at 79.5' and ionic 
strength 0.5 M. The ratio of 
H3POt-HrP0,- is 2 : 3  in 
all solutions. Extrapolation 
of results below and above 
0.1 M [ H ~ P O C ]  obviously 
leads to tivo different ko 
values. I f  one line were 
drawn connecting all points, 
it would be curved. This 
nonlinear dependency is i l -  
lustrative of a change in the 
rate-determining step or the 
presence of at least two rate 
constants over the range of 
buffer concentrations rep- 
resented. 
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Table 111-Rate Constants (kobs in hr-l) for Hydrolysis at Low Total  Buffer Concentrations 
(0.02-0.10 M) at 79.5" and Ionic Strength 0.2 


hr-' 
Ma 


PH Buffer 0 . 0 1  0.02 0 . 0 3  0 .05  


1.90 IH,POa 1 IHqPO, - 1  
2.62 iCkH;COOH ][c'lCH,COO - 1  
4.55  [CH,COOH][CH.&OO -1  


0.121 0.158 0.180 0.222 1 . 2  _ _  --- 


0.115 0.149 0.166 0 .230  1.3 
0 169 0 .195  0.244 0.312 1 . 7  


0.005 0.0075 0.015 0 02 
4.25 [HCOOH][HCOO -1 0.169 0.204-  0.241 0 .249  1 . 3  


1 .3  3 . 1  [CH,CH,OCHzCOOH ] [CH,CHyOCH&OO -1 0.152 0.181 0.186 0 194 


Represents equimolar quantities of each buffer component. b Calculated from slope of plotsof kobs versus total buffer concentrations; measured in M -1  hr-1. 
C Represents molarity of acidic component. Molarity of basic component = 3 X molarity of acidic component in each cam. 


ty constants are kH+ = 2.05 M-' hr-' and k o H -  = 2.3 X lo7 M-' 
hr-l, with the first-order constants being kHzO = 0.10 and khfi = 
0.223 hr-' a t  79.5', where 55.5 M water is incorporated into the 
constant. 


Since f B H +  and f B  may be written as [H+]/[H+] + K ,  and K,/K. + [H+], respectively, Eq. 3 can be stated as: 


The individual constants comprising the rate-pH profile (Fig. 1) 
were dissected in the following manner. The k H+ was evaluated at  
high acidities (pH 0.15-1.0), while the  OH- was established from 
the results over the 611.5 pH region. The ~ H ~ O  could be obtained 
from dilute acidic solutions (about 0.005 N HCI) at pH = 1.5-3.0, 
where neither k H +  nor k o H -  was appreciably operative, or by the 
difference: k o  - (kH+aH+ + ko~-[oH-]) = k H f l  in the 1.5-3.0 pH 
region. The pKa estimated at half-neutralization of a solution of 
chlordiazepoxide in 50% polyethylene glycol 300-water was 4.6-4.8 
at  80'; Fig. 1 illustrates the amount contributed by the individual 
constants k H+, kH,O, and koH- .  


A surprising, although not unprecedented, feature of the rate- 
pH profile is the apparently lower rate constant for the spontane- 
ous rate of hydrolysis of protonated species relative to the neutral 
molecules. This phenomenon appears to argue against a predomi- 
nantly nucleophilic role for the water reaction with chlordiazepox- 


0.7 r 


0.1 I I I I I 


0.0 0.2 0.4 0.6 0.8 
[HCOO-] 


Figure 3-Dependency of the observed first-order rate constant 
on the concentration of fcrmate ion in the hydrolysis of chlop- 
diazepoxide at 79.5' and ionic strength 0.5 M. The extrapola- 
tion to zero buffer concentration leads to erroneous results (ko is 
apparently 0.18 hr-l) due to nonlinear dependency at formate 
concentrations of less than 0.1 M. Key:  0, p H  3.0; 0, pH 3.25; 
0, p H  3.5; and A, pH 4.0. 


Dr. W. P. Jencks, personal communication. 


ide. Were nucleophilic attack the case, one would anticipate a 
higher velocity constant for the protonated base as compared to 
the neutral molecule. 


This more rapid reaction of "water" with neutral relative to pro- 
tonated species may represent a reaction of hydroxide ion with the 
conjugate acid as ko~-[oH-]  ~ B H +  and not the kinetically equiva- 
lent kHflfB. Alternatively, it may exemplify rate-determining 
breakdown of the tetrahedral addition intermediate through a 
neutral transition state (i.e., a transition state with no net charge). 
Examples of this phenomenon have been reported in the hydroly- 
sis of imidate and thioimidate esters (7, 8). 


A second point refuting solvent catalysis of the neutral substrate 
is the absence of observable buffer attack in the 7-11 pH region. 
Where water serves as the catalytic species, one might expect cata- 
lytic effect by HPOI-~, borate, etc. (9). 
Catalysis by General Acids and Bases-General acids and 


bases are effective catalysts for the conversion of protonated chlor- 
diazepoxide to the lactam (Scheme I) while only slight, almost neg- 
ligible, catalysis of the neutral molecule is observed. Figures 3 and 
4 illustrate plots of k o h  and kapp against buffer component (9) and 
percent acid (lo), respectively, a t  total buffer concentrations 
greater than 0.1 M. Both methods are feasible for estimation of the 
specific catalytic constants (second-order rate constants) for catal- 
ysis by acidic and basic species comprising the buffer, kHA and 
kA-. Table I lists kob values for different conditions; Table IV 
summarizes the second-order rate constants, kappr for buffer catal- 
ysis a t  total buffer concentration >0.1 M. 


Table I11 shows the kapp for lower concentrations of buffer 
which produce rate constants inconsistent with those found a t  
higher buffer concentrations. 


Figure 2 exemplifies catalysis over the entire realm of buffer 
concentrations employed for phosphate buffer a t  pH 1.9 and 79.5O. 
The overall slope is comprised of a t  least two separate rate con- 
stants, as previously reported (1 1-14). This nonlinear dependency 
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Figure 4-Apparent second-order rate constants for catalysis 
of chlordiazepoxide hydrolysis by phosphoric acid-dihydrogen 
phosphate buffers at 79.5' as a function of the percentage of the 
acidic component in the buffer. The values kHIPoI = 1.7 M-' 
hr-1 and kH1poI-  = 0.3 M-1 hr-l are obtained by extrapola- 
tion to 0 and 100% acid, respectively. 
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I&ure 5-Dependency of the velocity constants on buffer 
concentration at total buffer =- 0.10 M and below. Intercepts of 
plots with ordinate represent ko values utilized for rate-pH 
profile (Fig. 1 ) .  Key:  0, acetate, p H  4.55; A, ethoxyacetate, 
pH 3.1; 0, chloroacetate, pH2.6;  and 0, HzPOa-, p H  I .9. 


of the data on buffer concentration is probably brought about by 
more than one velocity constant being operative over the 0.01-1.0 
M buffer range. This leads to erroneous k o  values upon extrapola- 
tion (Figs. 3 and 4), unless results of 0.01-0.10 M buffers are in- 
cluded. The phenomenon is indicative of a change in the rate-lim- 
iting step as the buffer components in solution increase (11-13). 
This nonlinear relationship is particularly influential in the pH 
range where appreciable protonated chlordiazepoxide, BH+, is 
present (pH 1.8-5.0). At pH values below 1.8, the phenomenon 
may hold, but it was not investigated with acid-anionic buffers be- 
cause hydrochloric acid sufficed. 


An example of this fallacious extrapolation is given in Fig. 3, 
where a value of k 0 = 0.18 M-' is indicated for several pH values 
(acetate buffer) when the intercepts are actually considerably 
lower. 


It is evident from the latter data in Table I that the degree of 
buffer catalysis is decreased or almost eliminated a t  pH >7, indi- 
cating an absence of buffer effect on neutral chlordiazepoxide. 


The contribution of each buffer constituent of acid and acid 
anion to hydrolysis of protonated chlordiazepoxide, BH+, may he 
estimated by plots of k o b  versus anion as shown in Fig. 3, utilizing 
the acidic dissociation constant of the buffer being investigated: 


0.1 t \- 


c " \\ 


0.002 L 
2.8 2.9 3.0 3.1 3.2 


i / r o  ABSOLUTE x 101 
Figure 6-Arrhenius parameters for hydrolysis of chlor- 
diazepoxide. Key:  0, 1.0 N HCI; U, pH 4.5 acetate buffer, 
ionic strength 0.5; A, pH 7 phosphate buffer, ionic strength 
0.5; and 0 , O . l  N NaOH. 
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Figure 7-Disappearance of absorbance as a function of time. 
Chlordiazepoxide was extracted from TLC plates at the hourly 
intervals listed on the spectrophotometric curves. The reaction 
conditions were 0.3 M acetate, pH 4.0, ionic strength 0.5 M, 
79.5'. Peaks exhibit corresponding diminution. 


(% = [H+][A-]/[HA]). The results presented in Figs. 3 and 4 are 
for total acidic and anionic concentrations of 0.1-1.0 M. 


Equation 4 may then be written with the introduction of terms 
for the buffer where total buffer is less than 0.1 M: 


k,t,. = k" + (h,,,[HAl + h ,  [A-I)(fiiti*) (Eq. 5) 
or: 


k,,,, = ho + Ih,\([H+I/K,) + h,\ ILA-1 (Eq. 6 )  


where f BH+ = 1; i.e.. pH < 3.5; pKa = 4.6-4.8 at  80O. 


centration is >0.1 M gives a straight line with 
Therefore, a plot of the k o h  - ko against [A-] where buffer con- 


(Eq. 7 )  
From a graph of Eq. 6 with slopes of a given buffer combination 


(e.g., acetate-acetic acid) a t  several pH values, the slope obtained 
equals  HA with an intercept of k ~ -  (9). When the data of Fig. 3 
are plotted utilizing Eq. 6, the values are: k HCOOH = 0.92 M-' hr-' 
and k ~ c o o -  = 0.48 M-' hr-' a t  79.5". 


The  HA and k A -  values may be determined utilizing plots of 
kapp against the percentage acid in the buffers, as given by Sander 
and Jencks (10) and exemplified in Fig. 4. 


The following results were obtained from Fig. 4: kHBpO, = 1.7 
M-' hr-' and ~ H ~ P O ,  = 0.3 M-' hr-' at 79.5". These are in close 
proximity to the values obtained from Eqs. 6 and 7. 


Table I11 summarizes some koh and kapp values for lower buffer 
concentrations (0.02-0.1 M). Figure 2 also depicts the influence of 
buffer on the observed first-order rate constant, with at least two 
slopes being obvious. Extrapolations of results in Table I11 were 
utilized in the determination of the k 0 shown in Fig. 1. Figure 5 il- 
lustrates the dependency of velocity constants (Table 111) on the 
anionic component a t  lower buffer concentrations. 


slope = kl,,\ ([H+]/K,) + 
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Table IV-Values of Apparent Second-Order Rate  
Constantsa (k,,, in M-' hr-l) for Buffer-Catalyzed 
Hydrolysis of Chlordiazepoxide at 79.5" and Ionic 
Strength 0.5 M 


kaPP, 
Acid", Concentration M-' 


Acid pHb % Ranged, M hr-le 


HZOa 1.70 60 0,125-0.50 0.89 
1.76 50 0.125-0.50 0.90 
2.0 40 0,125-0.50 0.49 
2.5 20 0,125-0.50 0.36 


HCOOH 3.0 - 0.1-0.5 0.92 
3.5 - 0.1-0.5 0.71 
3.75 - 0.1-0.5 0.68 
4.0 - 0.1-0.5 0.49 


CHSCOOH' 4.0 - 0.1-0.5 1.92 
4.5 - 0.1-0.5 0.90 
5.0 - 0.1-0.5 0.38 
5.5 - 0.1-0.5 0.30 


HzPO4- 6.0 80 0.085-0.34 1.03 


a Measured as stated under Experimenfal utilizing 2.98 X 10' M chlor- 
diazepoxide. b The pH values were measured at 79O on a pH meter stan- 
dardized at that temperature. C Percentage acid is not listed for acetate and 
formate solutions become they were prepared by addition of the appropriate 
acid to 0.5 M NaOH with dilution to 1 liter. d Concentration refers to total 
buffer, except for formate and acetate where acetate and formate ions were 
used in the calculation because total buffer was not known from the prepara- 
tion method except by calculation from pH and pKa of the appropriate 
solutions. c Obtained from slopes of plots of kabs against total buffer con- 
centration, except in c a m  of acetate and formate buffers where anionic 
component was utilized for abscissa. I Chlordiazepoxide has pKa of about 
4.6-4.9 at ?go; therefore, both protonated and nonprotonated species are 
present in the acetate buffer region. 


At pH 4 and above, both appreciable cationic and neutral sub- 
strates are present so a mixture of rate constants is actually given 
in which the effects of various acids and their anions, namely ace- 
tate buffer, on both protonated and nonprotonated chlordiazepox- 
ide should be considered for rigorous analysis. 


Arrhenius Parameters-Estimates of the apparent activation 
energies were made from the Arrhenius equation: 


log kohs = log P - Eu/2.303RT (Eq. 8 )  


Values derived from the preceding expression vary between 23.0 
and 25.2 kcal/mole under the condition shown in Fig. 6. This infor- 
mation corroborates the analytical method employed as well as 
giving the Ea determinations. 


Ionic Strength Effects-In the acidic region where hydro- 
nium-ion catalysis on cationic substrate is evident, it may be ex- 
pected that the Bronsted-Bjerrum equation (15) might hold in 
some modified form (16) or a t  least that a qualitative agreement 
might be seen. This was seemingly the case as may be seen from 
the results in Table 11, which shows a slight increase in the velocity 
constants. 


Reaction Products-Over the entire pH range investigated, 
the reaction sequence given in Scheme I predominated. Other 
products of the hydrolysis a t  higher temperatures were reported 
(1, 17) but only a fourth trace spot was evidenced with the TLC 
systems employed. Formation of the benzophenone was increased 
as the pH scale was descended. 


Quantitative TLC and Comparisons -An original aim of the 
work was to investigate the rate constant discrepancies taking 
place when chlordiazepoxide was subjected to quantitative thin- 
layer kinetic analysis. For this reason, a second analytical method 
(extraction of acidified aqueous substrate with methylene chlo- 
ride) was applied as a check. It is now evident that buffer catalysis 
along with the previously mentioned nonlinear dependency of rate 
constants on buffer concentrations contributed to the difficulties 
encountered. 


Figure 7 illustrates a typical absorbance loss for chlordiazepox- 
ide (80°, pH 4, Ac- = 0.3 M) when subjected to quantitative TLC. 
The kob is 0.77 hr-l, in comparison to 0.80 hr-' determined by the 
extractive procedure. Figure 8 shows the reaction rate constant a t  
pH 2 (phosphate buffer) and 8oo plotted at  both wavelengths (244 
and 305 nm), with linearity a t  both wavelengths as determined by 
quantitative TLC. Table V lists data derived from both techniques 
and illustrates a reasonable degree of correlation between the two 


Table V-Comparative Results of hobir for Chlordiazepoxide 
Hydrolysis of Quantitative T L C  Method Relative t o  the 
Extractive Procedure at 79.5" 


kobs,  hr-' 
Quanti ta- 


Buffer tive T L C  Extraction* PH 


0.46 0.5 N HCl 0.74 0.82 
1.12 0.1 N HCl 0.23 0.20 
1.40 0.05 N HCl 0.17 0.16 
2 .o Phosphateb 0.41 0.36 
3 . O  Formate" 0.61 0.65 
4.0 Acetate" 0.91 0.74 
4 .5  Acetate" 0.58 0.63 
5 . O  Acetate" 0.41 0.36 
6 . O  Phosphated 0.29 0.29 
7 . 1  Phosphate 0.20 0.23 


11.5 0 .1  N N a O H  0.21 0.22 


(1 Taken from Table I. b Buffer contains 0.125 M of each component at 
ionic strength 0.5. C 0.5 M acetate and formate ion. d See Table I ,  pH 6.0 
and 7.1 for buffers. 


sets. It was concluded that the quantitative thin-layer method 
works well for this benzodiazepine as well as certain congeners. 


Problems initially arising were attributed to: 
1. Influence of buffer catalysis when precautions were not taken 


to hold buffer concentration and anionic and basic components of 
the buffers constant a t  the given pH values. 


2. Insolubility of the substrate in aqueous solutions as the pH 
increased. Concentrations of 1-2 mg/ml were used at  pH 5. Where- 
as the solutions were homogeneous at  60-80°, they were prone to 
precipitate upon cooling to room temperature during the streaking 
process (see Experimental). 


3. The nonlinear dependency of rate constants and buffer con- 
centrations. 


CONCLUSIONS 


The hydrolytic degradation of chlordiazepoxide in aqueous solu- 
tion uia the lactam was studied over the 0.15-11.5 pH range a t  
79.5O. The lactam and benzophenone were the principal products 
formed under these conditions, so the reaction investigated was 
conversion of chlordiazepoxide to the corresponding lactam. Inter- 
mediates previously reported between the lactam and benzophe- 
none (1) were not observed, with the exception of one of unknown 
origin seen by TLC. These intermediates may be transient in na- 
ture under the conditions employed. 


This reaction is catalyzed by hydrogen and hydroxide ions, gen- 
eral acids, and general bases and undergoes a solvent reaction with 


x 1.4 
w 2 1.2 
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m 1.0 a 
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Figure 8-Plots of results obtained from p H  2 phosphate 
buffer, H3P04-H2P04- = 0.3 M/0.45 M, ionic strength 0.5, 
temperature 80'. Data were obtained from samples periodically 
streaked and then separated by TLC, followed by elution from 
adsorbent and analysis at the pertinent wavelengths. Key:  0, 
245 nm; and A, 305 nm. See Fig. 7 for a typical plot of the 
absorbance diminution as function of time. 
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protonated and neutral substrates. The following rate law may be 
written: 


where f BH+ and f a  represent the fractions of protonated and neu- 
tral chlordiazepoxide a t  a given hydrogen-ion concentration; pKa 
= 4.6-4.8 measured in 50% polyethylene glycol 300 a t  80°. 


The term k o ~ - [ o H - ] f ~ ~ + ,  Eqs. 4 and 9, may be expressed as the 
kinetically equivalent k ~ f i f ~ ,  as pointed out previously (8,9). 


Nonlinear dependency of the rate constant with buffer concen- 
tration in the 1.7-4.5 pH range was seen, which is likely the result 
of a change in the rate-limiting step with an increase of buffer in 
solution (11-14). 


An extraction procedure was developed as a comparative meth- 
od for the quantitative TLC process. The technique consisted of 
extraction of the decomposition products into methylene chloride 
from acidified chlordiazepoxide followed by UV analysis of the aci- 
dic aqueous layer. 


The quantitative TLC method worked well for chlordiazepoxide, 
with initially discovered discrepancies being the consequence of a 
lack of control of the buffer concentration and occasional precipi- 
tation of the substance from solution upon cooling during the 
streaking procedure. When these factors were controlled, results 
were obtained in accord with those from the extraction procedure. 


The work presented here corroborates applicability of the TLC 
technique to molecules that do not lend themselves to kinetic anal- 
ysis by standard differential UV techniques. Thus, the delays oc- 
casionally encountered in assay development may be circumvent- 
ed. Although this procedure is not the ultimate in simplicity, it af- 
fords ready availability of stability results to the formulator as well 
as to the kineticist. 
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Simultaneous Determination of 
Phenylbutazone and Oxyphenbutazone in Plasma by 
High-speed Liquid Chromatography 


N. J. POUND and R. W. SEARS 


Abstract 0 A sensitive, specific, high-speed liquid chromato- 
graphic procedure is described for the simultaneous determination 
of phenylbutazone and its metabolite, oxyphenbutazone, in plas- 
ma. Acidified plasma is partitioned with cyclohexane-ether (1: 
1) containing the 2,4-dinitrophenylhydrazone of 3,l-dimethoxy- 
benzaldehyde as an internal standard. The organic extract is re- 
duced to dryness, the resulting residue is redissolved in chloro- 
form, and aliquots of this solution are chromatographed on an ad- 
sorption column, using a mobile phase of 0.00% acetic acid and 


23.0% tetrahydrofuran in n-hexane at 35O. Use of a UV detector 
permits quantitative analysis of samples containing less than 0.25 
pg/ml of phenylbutazone or oxyphenbutazone. 


Keyphrases Phenylbutazone-oxyphenbutazone-simultaneous 
determination in plasma, high-speed liquid chromatography Ox- 
yphenbutazone-phenylbutazone-simultaneous 1 determination in 
plasma, high-speed liquid chromatography 0 Liquid chromatogra- 
phy, high speed-simultaneous determination in plasma of phen- 
ylbutazone and oxyphenbutazone 


Several spectrophotometric procedures (1-6) and a dioxo-4-butylpyrazolidine) and hydroxyphenylbuta- 
GLC method (7) have been reported for the determi- zone [1,2-diphenyl-3,5-dioxo-4-(3-hydroxybutyl)py- 
nation of phenylbutazone in biological fluids; how- razolidine]. 
ever, fewer methods have been described for the esti- The classical method of Burns et al. (1) is not of 
mation of two known metabolites (1) of this drug, ox- sufficient sensitivity to estimate phenylbutazone and 
yphenbutazone (1-phenyl-2-p- hydroxyphenyl-3,5- oxyphenbutazone in biological fluids following single 
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Drug Release from a Lipophilic Ointment Base as 
Influenced by Chain Length of Added Surfactant 


ANNE MgRIAUX-BROCHU and J. PAIEMENT 


~ ~ ~ ~ _ _  


Abstract The release of sulfathiazole and salicylic acid from 
white petrolatum containing ethoxylated surfactants of varying 
ethylene oxide chain length was evaluated by the dialysis method. 
The rate of release of the drugs increased with the ethylene oxide 
number of the added surfactant. 


Keyphrases 0 Ointment bases, lipophilic-effect of ethoxylated 
surfactant chain length on drug release Lipophilic ointment 
bases-effect of ethoxylated surfactant chain length on drug re- 
lease Drug release from lipophilic ointment bases-chain length 
effect of added ethoxylated surfactant 


The rate of release of drugs from ointment bases 
has received considerable attention during the last 
10-15 years and interesting reviews are now available 
on the subject (1-13). Looking closely into the litera- 
ture, however, one notes that if some aspects of this 
phenomenon have been extensively studied and are 
now well understood, others have been only partially 
explored. One such area is the effect of surfactants on 
lipophilic ointment bases. 


This paper reports an attempt to verify how the 
variation of the length of the ethylene oxide chain of 
an added nonionic surfactant could influence the rate 
of release of water-soluble drugs from a typical lipo- 
philic base such as white petrolatum. It was also 
thought that such simple systems would provide a 
good model to verify the possibility that a correlation 
exists between the rheological parameters of the oint- 
ments and the rate of liberation of drugs incorporat- 
ed in them (14). 


EXPERIMENTAL 


The dialysis method (7) is a simple and convenient way to study 
the rate of diffusion of drugs in ointment bases. The significance of 
the information provided by that method has also been critically 
examined (15). In the present investigation, the setup suggested by 
Billups and Pate1 (9) was used with some modifications: (a) the re- 
ceiving compartment of the dialysis cell was a double-walled bea- 
ker through which water could be circulated, permitting tempera- 
ture maintenance of the aqueous solution (la0 ml) of the receiving 
compartment at 25 f 0.1'; (b) a small cavity was formed in the 
bottom of the beaker for a stirring bar with the beaker resting on a 
magnetic stirrer; and fc) the size of the jars was such that a rela- 
tively large area (h.25 cm2) of ointment (covered with cellulose 
paper) could be in contact with the aqueous phase. By proceeding 
in this way, the aliquots removed for analysis could be read direct- 
ly on a spectrophotometer and then returned to the cell, thus elim- 
inating the necessity of making volume corrections. 


The absorbance of sulfathiazole was determined at 283 nm, and 
that of salicylic acid was determined at  302 nm. (In the acidic 
form, salicylic acid shows two peaks of absorbance a t  237.5 and 302 
nm; in both cases, Beer's law is obeyed.) As expected (161, spectro- 
photometric analysis failed to reveal any trace of surfactant which 
might have diffused along with the drugs. 


The first drug, sulfathiazole' (mp 200-201°), was dialyzed into a 


phosphate buffer solution of pH 6.0 and ionic strength ( M )  = 0.1. 
The second drug, salicylic acid2, was dialyzed into a buffer solution 
of pH 1.85 (hydrochloric acid plus sodium chloride to fi  = 0.1). In 
this second case, the conditions were, of course, far from being 
physiological but they permitted comparison of both drugs in the 
same conditions with respect to the proportion of nonionized drug 
in the aqueous solution (-93%). Since these drugs are weak acids, 
the buffer systems seemed mandatory so that the conditions in the 
receiving compartment would not change during an experiment. 
The aqueous solubilities of the nonionized portion of sulfathiazole 
and salicylic acid were evaluated at  25' (at pH's where less than 
1% of the drugs was ionized). 


The nonionic surfactants studied were some alkylaryl polyether 
alcohols3. They were completely dehydrated before incorporation 
into the melted bases4 at a concentration of 1.592 X mole/100 
g of base (this value corresponds to l_g/lOC-g in the case of the sur- 
factant containing 9-10 ethylene oxide units5). The drugs were 
passed through a screen (BP 100) and were also dehydrated; this 
step was essential with sulfathiazole. Then they were dispersed 
into the bases, with a mortar and a pestle, a t  room temperature. 
Great care was exerted always to proceed in the same way (with re- 
spect to the agitation brought by the magnetic stirrer, the position 
of the inverted cup, etc.) so that the results could be compared. 


For the rheological studies, a cone-plate rotational viscometel.6 
was used. The experimental conditions adopted were similar to 
those used by Boylan (17) in his rheological study of white petrola- 
tum. 
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Figure 1-Absorbance of sulfathiazole in the receiving com- 
partment of the dialysis cell as a function of time (0.2 absorb- 
ance = 0.275 mg sulfathiazole/lOO ml). Key:  EO, ethylene 
oxide units of the added surfactant; and control, no surfactant 
added. 


Analar, BDH Chemical Ltd. 
3 Tritons of the X-series, supplied by Rohm and Haas, West Hill, Ontario, 


Canada. The ethylene oxide units referred to in this investigation corre- 
spond to those iven by the manufacturer. 


*They were feft overnight in an oven at 70" and then stored in a vacuum 
desiccator until their weight was found to  be constant. 


Triton X-100. 
6 Ferranti-Shirley. 
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Figure 2-Absorbance of salicylic acid in the receiving com- 
partment of the dialysis cell as a function of time (0.2 absorb- 
ance = 0.80 mg salicylic acid/100 ml) .  Key:  EO, ethylene 
oxide units of the added surfactant; and control, no surfactant 
added. 


RESULTS AND DISCUSSION 


Figure 1 shows some representative curves for the release of sul- 
fathiazole from white petrolatum containing surfactants of varying 
ethylene oxide chain lengths. As can be seen, the rate of release of 
the drug kept increasing up to the most hydrophilic surfactant 
studied (containing 40 ethylene oxide units). Since salicylic acid 
had been shown to diffuse best with mixtures of surfactants (sorbi- 
tan esters and polysorbates) having a low hydrophilic-lipophilic 
balance (HLB) value (12), it was thought that that drug would pro- 
vide a good point of comparison for sulfathiazole. Figure 2 shows 
that the general pattern of diffusion obtained with salicylic acid 
was very close to the one obtained for sulfathiazole. 


In Fig. 3, the amount of either sulfathiazole or salicylic acid di- 
alyzed after 120 min was plotted as a function of the logarithm of 
the number of ethylene oxide units of the added surfactant. For 
sulfathiazole, it was verified that the relation was linear at any 
time in the dialysis runs so long as the curves had started to flat- 
ten. For salicylic acid at  dialysis times less than 120 min, the rela- 
tion was not linear; it can be observed (Fig. 2), however, that some 
diffusion curves had not then started to flatten. 


The effect of surfactants on the release of drugs from hydrophil- 
ic ointment bases has been extensively studied (1, 2, 5, 6). Since 
those systems contained water ( -3o%), it is expected that oil-in- 
water or water-in-oil emulsions were formed, depending on the 
HLB of the mixture of surfactants studied, giving essentially dif- 
ferent systems than those studied here. The diffusion behavior of 
drugs in such emulsified systems has been well explained (11). 


In dealing with lipophilic bases modified by nonionic surfac- 
tants, it is believed that the comparisons should be made on a 
“pseudomolar” basis ( i e . ,  a given number of moles of surfactant 
added to a given weight of base or a given volume of preparation). 
The reason becomes apparent when one considers, for instance, 
the case of the following pair: sorbitan monooleate (mol. wt. -453) 
and polysorbate 80 (mol. wt. -1470). One notes then that, a t  any 
given percentage (identical for both surfactants), the concentra- 
tion of the ethoxylated surfactant is, on a molar basis, about four 
times lower than that of the other. Since the concentration of the 
added surfactant is also important [the rate of diffusion increases 
with increasing concentration up to an optimum concentration and 
then decreases ( l l ) ] ,  comparison of the effect of a large molar con- 
centration of a surfactant having, for example, a middle HLB 
value to that of a low molar concentration of a surfactant having a 
high HLB value might obscure the real phenomenon. 


I t  is also possible that nonionic surfactants of different classes 
Ke.,  sorbitan esters and ethoxylated surfactants) do not work in 
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Figure 3-Ethylene oxide number of the added surfactant (on a 
logarithmic scale) versus absorbance of the drug in the receiving 
compartment of the dialysis cell. 


the same way (or to the same extent) when added to lipophilic 
bases. Hence, it has been observed that the addition of sorbitan 
monooleate to white petrolatum decreased the rate of diffusion of 
sulfathiazole while the addition of polysorbate 80 increased it (11). 
These explanations are given as suggestions to account for the fact 
that the diffusion of some drugs was shown previously to decrease 
above a certain HLB value of the added surfactants (3,4,12) while 
this phenomenon was not observed here. 


In the three figures, the absorbance of the drugs instead of their 
concentration is presented to emphasize that the pattern of diffu- 
sion of both drugs is quite similar. However, the concentration of 
salicylic acid was evaluated using its peak of second maximum ab- 
sorbance in the UV region (at 237.5 nm, the peak of maximum ab- 
sorbance, volume corrections would have been necessary). Salicylic 
acid diffused to a greater extent than sulfathiazole (-3 times more 
on a molar basis) per unit of time. This observation may reflect 
that salicylic acid is about three times more soluble than sulfa- 
thiazole on a molar basis (87 mg uersas 55 mg/lpO ml with the 
unionized portions being considered). In conclusion, it is suggested 
that these solubility considerations and the relation shown in Fig. 
3 (this relation will have, however, to be substantiated with other 
drugs and other surfactant series) might give a clue as to the mode 
of diffusion of water-soluble drugs in ointment bases containing 
ethoxylated nonionic surfactants. 


In the rheological part of this study, only sulfathiazole prepara- 
tions were considered. Rheograms were obtained with the modified 
bases only (without the drug) and with the complete preparations 
(with the drug). The study was also extended to white petrolatum 
containing varying concentrations of polysorbate 80 (ll),  with and 
without incorporated sulfathiazole. Various parameters [e.g., thix- 
otropy, yield value, and spur value (la)] were examined and com- 
pared to verify if a correlation could be found between the rate of 
release of the drug and any of the parameters. So far, no correlation 
has been found. It is possible that such correlations could be ob- 
tained if the bases investigated are gels made with water-soluble 
polymers. Further research in that direction is in progress. 
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Antitubercular Activity of 
Substituted 5-0xo-l-thiocarbamoyl-3-pyrazoline-4-alkanoic 
Acid Derivatives 


ARTHUR A. SANTILLI”, DONG H. KIM, and FRANCIS J. GREGORY 


Abstract Several novel pyrazolin-5-ones prepared by the cycli- 
zation of variously substituted thiosemicarbazone derivatives of 
ethyl formylsuccinate, ethyl acetylsuccinate, and ethyl acetylgluta- 
rate were tested for antitubercular activity against Mycobacterium 
tuberculosis, human type, strain H37Rv, by a tube dilution tech- 
nique. Minimum inhibitory concentrations (MIC) for these deriva- 
tives ranged from 0.05 to 100 Mg/ml. The most active compound 
was ethyl 3-methyl-l-methylthiocarbamoyl-5-oxo-3-pyrazoline-4- 
acetate (MIC = 0.05-0.1 Mg/ml). 


Keyphrases 5-Oxo-l-thiocarbamoyI-3-pyrazoline-4-alkanoic ac- 
id derivatives-synthesis, antitubercular activity Pyrazolin- 
5-one derivatives-synthesis, antitubercular activity Antituber- 
cular activity-synthesis and screening of substituted 5-0x0-1- 
thiocarbamoyl-3-pyrazoline-4-alkanoic acid derivatives 


Various classes of thiosemicarbazones have been of 
interest to clinicians for their therapeutic value as 
antitubercular, antiviral, antileprotic, and antifungal 
agents (1-3). Recently, the synthesis of a group of 
variously substituted 5-0x0-1-thiocarbamoyl-3-pyra- 
zoline-4-alkanoic acid derivatives (IIa-IIl), which 
were prepared by the cyclization of open-chain 
thiosemicarbazones ( I )  of diethyl formylsuccinate, di- 
ethyl acetylsuccinate, and diethyl acetylglutarate, 
was described (4). Spectral evidence indicates that 
these compounds also exist in their tautomeric 5- 
hydroxypyrazole form (II’a-II’l). Several of these de- 
rivatives were tested for their overall therapeutic 
value as anti-infective agents and were found to pos- 
sess substantial antitubercular activity against Myco- 
bacterium tuberculosis, human type. A summary of 


the biological test results in relation to chemical 
structure is reported here. 


EXPERIMENTAL’ 


The open-chain thiosemicarbazones (I) were prepared by heat- 
ing ethyl formylsuccinate, ethyl acetylsuccinate, or ethyl acetylglu- 
tarate with 1 equivalent of a suitably substituted thiosemicarba- 
zide (Scheme I). Ring closures of these derivatives were carried out 
by warming the various thiosemicarbazones in ammonium hydrox- 
ide solution followed by acidification; the title compounds were 
obtained (Table I). The esters were readily converted to the corre- 
sponding acids by hydrolysis using sodium hydroxide solution. 


Synthesis-The following example typifies the method used to 
prepare the title compounds. Further preparative details as well as 
the chemistry and spectral analyses for other compounds were pre- 
viously published (4). 


Diethyl Acetylsuccinate Thiosemicarbazone (I)-A mixture of 
10.8 g of diethyl acetylsuccinate and 4.56 g of thiosemicarbazide in 
250 ml of ethanol was heated under reflux for 17 hr. The ethanol 
solution was cooled in ice, and cyclohexane was added to precipi- 
tate the product. The product amounted to 13.1 g, mp 98-102O. 
The analytical sample (mp 98-100O) was obtained by recrystalliza- 
tion from ethanol-cyclohexane; IR (KBr): 2.90, 3.00, 3.12 (NH), 
5.72, and 5.79 (ester C=O) rm. 


Anal.-Calc. for CllH19N304S: C, 45.66; H, 6.62; N, 14.52; S, 
11.08. Found: C, 45.64; H, 6.58; N, 14.65; S, 11.42. 


Ethyl 3-Methyl-5-oxo-l-thiocarbamoyl-3-pyrazoline-4-acetate 
(IIa)-A mixture of 10 g of diethyl acetylsuccinate thiosemicarba- 
zone and 250 ml of concentrated ammonium hydroxide solution 
was heated on a steam bath for approximately 30 min, a t  which 


1 Melting points were determined with a Thomas-Hoover capillary melt- 
ing-point apparatus and are uncorrected. The IR spectra were determined in 
potassium bromide disks using a Perkin-Elmer model 21 spectrophotome- 
ter. 
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Lidocaine Hydrochloride Absorption from a 
Subcutaneous Site 


BERTON E. BALLARD 


Abstract Subcutaneous disappearance of lidocaine hydrochlo- 
ride was followed as a function of time using a specially designed 
“closed” subcutaneous absorption cell affixed to anesthetized rats. 
Unbuffered, stirred lidocaine hydrochloride solutions in cells open 
to the atmosphere were previously shown to increase in pH with 
time because of carbon dioxide loss. The closed cell was designed 
to prevent this loss, but pH shifts still occurred, making the deri- 
vation of a simple pharmacokinetic absorption model impossible. 
Because the pH of the solution shifted to higher pH values, the 
data suggest that precipitation of lidocaine base may have oc- 
curred in some experiments. 


Keyphrases 0 Lidocaine hydrochloride-absorption from subcu- 
taneous site, design of closed subcutaneous absorption cell 0 Ab- 
sorption-lidocaine hydrochloride from subcutaneous site, design 
of closed subcutaneous absorption cell, effect of pH changes 
0 Parenteral dosage forms-lidocaine hydrochloride absorption 
from subcutaneous site, design of closed subcutaneous absorption 
cell 


Since the publication of Schou’s (1) review of drug 
absorption from subcutaneous connective tissue, 
there has been an increasing interest in quantitative- 
ly measuring the absorption rates of drugs in aqueous 
solution from the subcutaneous site (2-8). Quantita- 
tive measurements of drug absorption rates should 
result in a better understanding of which of the many 
possible pharmacokinetic models are appropriate for 
describing subcutaneous drug absorption of various 
drugs and of what mechanisms are involved in subcu- 
taneous drug absorption. To date, there has not been 
a study where different commercial products con- 
taining the same drug have been compared in their 
absorption behavior from the subcutaneous region 
under conditions where the drug was sampled period- 
ically a t  the subcutaneous absorption site, where the 
solution was continuously stirred, and where the sur- 
face area for absorption was held constant. 


The purposes of this report are to develop and dis- 
cuss the strengths and weaknesses of experimental 


methods that might be useful in comparing the sub- 
cutaneous absorption behavior of commercially pre- 
pared parenteral dosage forms of lidocaine hydro- 
chloride. This drug might be considered a model 
compound for this purpose, because many parenteral 
drugs are water-soluble salts of weak organic bases 
and the unionized base often has limited water solu- 
bility. 


EXPERIMENTAL 


Animals-Female Sprague-Dawley rats were used. The anes- 
thesia and the method used for surgically exposing the subcuta- 
neous tissue were described previously (3). 


Reagents-Lidocaine hydrochloride was obtained from two 
manufacturers’**. According to the label claims, each preparation 
contained (per milliliter) 10 mg of lidocaine hydrochloride, 7 mg of 
sodium chloride, 1 mg of methylparaben, and sodium hydroxide to 
adjust the pH. Both preparations conformed to the standards for 
lidocaine hydrochloride injection USP without epinephrine (9). 
Cyclizine hydrochloride3 (10.11) was used as an internal standard 
for the GC analysis a t  a concentration equivalent to 243 mg of cy- 
clizine basehiter in 0.1 N HCl. The n- hexane used as the extrac- 
tion solvent in the procedure was of spectrographic grade4. All 
water was double-distilled from dissolved potassium permanga- 
nate. All glassware except the microsyringes was initially cleaned 
in concentrated nitric acid. 


Subcutaneous Absorption Cell-The design of the absorption 
cell used in this study differed somewhat from that used in previ- 
ous work (3). The glass cell was nearly hemispheric in shape, where 
the maximum distance from one inside point of the open end to 
another inside point was 19 mm and the distance between the top 
inside point and the plane across the open end of the cell was 10 
mm. Two holes were made in the top region of the cell. One hole, 
used for the stirrer, was a t  the top center of the cell when the cell 
was placed flat on a horizontal surface. A glass tube was fused to 
the glass surrounding this hole, and the tube extended 3 mm up 


Lot L 107770, Astra Pharmaceutical Products, Worcester, Mass. 
Lot 2016923C, Invenex Pharmaceuticals. Grand Island, N.Y. 


a Marezine, Burroughs Wellcome & Co., Research Triangle Park, N.C. ‘ Spectroquality reagent, Matheson, Coleman and Bell, East Rutherford, 
N.J. 


Hamilton Co.. Whittier, Calif. 
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Figure 1-Typical gas 
chromatogram of lido- 
caine (L)  and cyclizine 
(C) internal s tandard in 
n-hexane solvent (5'). The 
retention time of lido- 
caine is 2.7 min, and that 
for cyclizine is 4.2 min. 
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from the top outside of the cell. The glass tube had an inside diam- 
eter large enough so that a polyethylene tube6 could just pass 
through i t  snugly. 


The second hole was used for sampling the cell's contents. The 
center of the second hole was about 7 mm from the center of the 
first hole and its inside diameter was 4 mm. I t  was ground flat so 
that it could be closed between sampling times by pressing a small 
piece of paraffin film7 over it. The glass absorption cell was affixed 
to the moist subcutaneous tissue with a medical silicone adhesive, 
which was repackaged into an ophthalmic ointment tube as de- 
scribed previously (3). 


The stirring of the cell's contents was accomplished by placing a 
2-cm piece of polyethylene 100 tubing into the first hole so that 
one end was flush with the top inside region of the cell and the re- 
maining portion passed through the glass tube and extended be- 
yond it. The polyethylene 100 tube was affixed to the cell with a 
medical silicone adhesive in such a way that no hole existed be- 
tween the glass and the polyethylene 100 tubing so as to prevent 
possible gas exchange between the inside and outside of the cell. A 
30-cm piece of polyethylene 10 tubing was passed partially 
through the polyethylene 100 tubing. The end of the polyethylene 
10 tubing nearest the inside of the absorption cell was softened by 
carefully heating i t  and was pressed flat,with a pair of pliers to 
form a short paddle. The second end of the polyethylene 10 tubing 
was passed through 21 cm of glass tubing having an outside diame- 
ter of about 7 mm and then was placed into a chuck attached to a 
variable-speed motor*. 


PE 100, Clay-Adams, Inc., New York, N.Y. 
Parafilm "M," American Can Co., Neenah, Wis. 
Electronic controller GT 21 laboratory mixer, Gerald K. Heller Co., Las 


Vegas, Nev. 


After the absorption cell was attached to the subcutaneous tis- 
sue, the glass tubing was aligned and clamped in a straight line be- 
tween the top of the absorption cell and the chuck. The glass tub- 
ing tended to prevent the polyethylene 10 tubing from kinking 
while it was being rotated. The amount of polyethylene 10 tubing 
remaining outside the cell was adjusted so that when the chuck at- 
tached to the variable-speed motor was rotated a t  about 14-16 
rpm, the paddle inside the absorption cell would be free to  rotate 
and not touch either the tissue or the cell. After the appropriate 
distances were established, a small amount of silicone stopcock 
greaseg was placed a t  the region where the polyethylene 10 tubing 
was in contact with the external end of the polyethylene 100 tub- 
ing. In addition to its obvious lubrication function, the grease was 
used to maintain a nearly airtight seal between the two polyethyl- 
ene tubes. Care was taken to keep the grease from entering the ab- 
sorption cell. 


GC-A gas chromatographlo equipped with dual flame-ioniza- 
tion detectors and a recorder" were employed. The chromato- 
graphic column consisted of glass tubing, 1.83 m long X 0.318 cm 
i.d., and a silicone stationary phase1* on a 100-120-mesh solid sup- 
port13. Conditioning was carried out by injecting a silylation re- 
agent14 and by maintaining the column at 250' for 24 hr with low 
nitrogen flow. 


Operating temperatures for the lidocaine analysis were: column, 
230'; injection port, 250'; and detector, 250'. The carrier gas was 
nitrogen a t  a flow rate of 30 ml/min. The hydrogen gas flow rate 
was 30 ml/min, and the air flow rate was 300 ml/min. The recorder 
speed was 50.8 cm/hr. An i n t e g r a t ~ r ' ~  measured the area under the 
detector response uersus time curve on recorder paper. 


Assay-A 1.2-g sample of 1% lidocaine hydrochloride was trans- 
ferred from the commercial 20-m11 or 30-mI2 multiple-dose vial to 
the absorption cell through the second or side hole by means of a 
2-ml syringe. The filled syringe was weighed on an analytical bal- 
ance prior to adding the solution to the cell and then was re- 
weighed just after the addition. Individual values for the weights 
added are listed in Table I. The mean weight added was 1.225 
(f0.020) g, where the value in parentheses represents f l  SD about 
the mean weight added to all cells. 


Immediately after the 1.2-g sample of solution was added, a 
small piece of paraffin film was placed over the hole to prevent gas 
exchange. The 2 0 4  zero time sample was taken directly from the 
contents of the multiple-dose vial using a 25-pl syringe5. At other 
sampling times, 20-pl samples were withdrawn from the absorp- 
tion cell. The accuracy of the sampling technique was checked. 
The syringe containing the aliquot was weighed on an analytical 
balance and reweighed after the sample was transferred to a 5-ml 
glass-stoppered tubeI6. In all cases the difference between the two 
weights corresponding to the volume of sample delivered (1 pl = 1 
mg) agreed with that estimated from the syringe barrel markings 
within *l%. One milliliter of the stock solution of cyclizine hydro- 
chloride (internal standard) was added to rinse the drug sample 
down from the sides of the flask. The samples were then frozen 
and stored for future assay. 


At the time of assay, the samples were allowed to reach ambient 
temperature and then 4 ml of n-hexane and 0.5 ml of 5 N NaOH 
were added to each. The solutions were shaken mechanically for 1 
hr. About 2 ml of the n-hexane layer was decanted into another 
test tube. About 10 mg of anhydrous sodium sulfate was added to 
the n-hexane solution, which was allowed to stand for several 
hours to remove trace amounts of water from the organic solvent. 
A 1.2-pI sample was removed from each tube, using a 5-pl microsy- 
ringe5, and injected into the gas chromatograph. Ten standard so- 
lutions of lidocaine hydrochloride were prepared, starting a t  0.1% 
and increasing a t  0.1% concentration increments up to 1.0%. 
Twenty-microliter samples were removed from the standard solu- 
tions and treated according to the procedures previously de- 
scribed. 


Stopcock grease, Dow Corning Corp., Midland, Mich. 
lo Varian Aerograph model 2100, Varian Instrument Division, Palo Alto, 


l1 Varian model 20 recorder, Varian Instrument Division, Palo Alto, Calif. 
l2 OV-17, Varian Instrument Division, Palo Alto, Calif. 
l3 Gas Chrom Q,  Applied Science Laboratories, State College, Pa. 
l4 Silyl-8, Varian Instrument Division, Palo Alto, Calif. 
l6 Disc Instruments, Santa Ana, Calif. 
l6 Catalog Number 20908-040. Van Waters and Rogers, Brisbane, Calif. 


Calif. 
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Table I-Percent Unabsorbed Lidocaine Hydrochloride from Subcutaneous Absorption Cell as a Function of Time 


Animala (g) Animalb (g) 


Sampling AC B c  Cc D C  Ec Fc Gc He I C  & Kc L 
Time, hr (279) (254) (256) (261) (258) (269) (208) (218) (210) (206) (214) (296) 


0 .o 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
0 . 5  59.0 98.1 87.9 80.5 92.0 74.0 63.4 77.0 68.2 91.6 95.4 95.6 _ .  


1 .o 56.4 87.1 75.0 90.0 77.4 63.3 68.4 72.0 5 4 . i  77.6 70.0 58.0 
1 . 5  38.0 97.1 70.5 77.1 54.6 50.7 50.7 53.0 45.7 61.0 52.4 55.7 
2 .o 23.8 66.7 57.8 37.8 47.4 37.2 37.6 31.2 41.6 46.0 38.0 29 4 
2 .5  15.6 63.0 44.8 24.2 36.0 33.1 36.6 23.1 37.8 27.7 24.8 24.3 
3.0 11.8 44.5 39.8 14.2 24.7 22.1 34.5 19.2 34.5 15.4 15.2 11.4 
3.5 4.7 35.2 24.4 9 . 3  13.3 14.5 23.4 11.0 26.1 2 .9  13.6 5 .8  
4.0 3.7 31.8 23.2 1.1 15.9 12.4 13.6 7 .4  17.7 10.5 2.5 


" Lot 2016923C. Invenex. Initial cell pH for Animals A-F waa 6.18. Final cell p H s  for Animals A-F were 8.49. 7.89, 7.69, 7.99, 7.69, and 7.72, respectively. 
h t  L 107770, Astra. Initial cell pH for Animals G-I, was 6.15. Final cell pH's for Animals G-L were 7.40, 7.48, 7.48, 8.15, 7.92, and 7.84, respectively. 
Solution weights in grams for Animals A-L were 1.218, 1.179, 1.222, 1.221, 1.227, 1.219, 1.249, 1.231, 1.221. 1.230, 1.220. and 1.261, respectively. 


After GC analysis, the areas under the lidocaine curve, AL, and 
under the cyclizine curve, Ac, were measured for each injected 
sample. A plot of the ratio, A L J A ~ ,  versus drug concentration was 
made. The standard curve was linear over the 0.1-1.0% lidocaine 
hydrochloride concentration range. Figure 1 shows a detector re- 
sponse uersus time curve for the n-hexane extract of the sample 
taken from Animal E a t  the 0.5-hr time point. A pH meter17 
equipped with a miniature glass and reference electrodels system 
was used to determine the initial and final pH values of the solu- 
tion in the absorption cell. 


RESULTS AND DISCUSSION 


Several points should be noted about the results shown in Table 
I. First, the pH of the solution measured before the drug solution 
was placed in the subcutaneous absorption cell was lower than the 
pH of the cell's contents measured after the experiment was con- 
cluded. Second, there was generally a decline in the percent of 
drug remaining in the subcutaneous cell as time increased; how- 
ever, in several instances the percent of drug a t  a particular time 
point appeared to increase over that found at  earlier time points. 
This apparent increase was then followed by another drop in the 
percent of drug remaining at  later times. Third, if one plots the 
logarithm of the percent remaining in the subcutaneous absorption 
cell uersus the time at which the samples were taken, there does 
not seem to be any convenient way to analyze the resulting curve 
in terms of either apparent mono- or biexponential loss of drug 
from the subcutaneous absorption cell. 


It is not too surprising that the pH of the solution initially 
slightly greater than pH 6 should shift to higher pH values as the 
experiment progressed. According to the label statements, the 
commercial solutions have no added buffers. The pH of rat arterial 
blood (12) is 7.35 (range 7.26-7.44), and this system is known to be 
buffered. Thus, a small volume of a nonbuffered solution in the 
subcutaneous absorption cell adjacent to a larger volume of a buff- 
ered rat blood should eventually reach a pH value closely approxi- 
mating that of the buffered system. 


However, in a subcutaneous absorption cell open to the atmo- 
sphere, the pH often rose well above the expected maximum value 
of about 7.4. Levy and Rowland (8) noted that the pH of a non- 
buffered isotonic saline solution in an open subcutaneous absorp- 
tion cell rose from an initial value of 5.75 to about 8.2, lasting from 
3 to 7 hr later. A major reason why the pH of the system open to 
the atmosphere rose substantially above pH 7.4 was that bicarbon- 
ate ion migrated into the subcutaneous absorption cell. Appropri- 
ate shifts in cations, such as K+ and Na+, and other anions, such as 
C1-, also occurred and electroneutrality in the subcutaneous cell 
was maintained. The loss of carbon dioxide from the bicarbonate- 
ion solution and the concomitant increase in the carbonate-ion 
concentration resulted in a cell pH greater than 7.4. 


The nearly closed hemispherical subcutaneous absorption cell 
used in this work was designed to minimize gas exchange between 
the cell and the atmosphere. It can be seen from the data present- 
ed in Table I that there was considerable variation in the final pH 


l7 No. 7664, Leeds and Northrup, North Wales, Pa. 
No. 124138, Leeds and Northrup, North Wales, Pa. 


of the solutions found in various subcutaneous cells. The exact 
cause for this pH variation is not known, but it is probably related 
to how freely gases could exchange between the cell and the atmo- 
sphere. With regard to the first point, therefore, it appears that 
considerably more work is needed to design an absorption cell that 
will allow the solution contained in it to be stirred, that will allow 
samples of solution to be removed periodically for analysis, and 
that will not allow any gases likely to influence the pH of the sub- 
cutaneous cell's contents away from the physiological range to be 
exchanged between the cell and the atmosphere. 


The second point mentioned was that there was generally a de- 
cline in the percent lidocaine hydrochloride remaining in the sub- 
cutaneous absorption cell with respect to time (Table I). However, 
in some cases the apparent percent remaining at  one time point 
exceeded that for a previous time point. For Animals B, D, and G, 
this phenomenon was observed somewhere between the 0.5- and 
1.5-hr time points. The possibility that gross analytical or proce- 
dural errors had occurred was investigated, but no evidence of 
such errors could be found. 


The most reasonable explanation for this phenomenon was that 
the shift in subcutaneous cell pH to increasing values caused some 
lidocaine base to precipitate. Since the contents of the cell were 
continuously stirred, fine crystals would have the tendency to stay 
suspended for some time. If a 2O-pl sample removed from the sub- 
cutaneous cell contained crystals of lidocaine base, then that sam- 
ple would give a higher reading for lidocaine content than a similar 
sample not containing suspended crystals. The pH a t  which the 
base just begins to precipitate, pHp, is defined by Eq. 1, which is 
appropriate to physiological pH ranges (13,14): 


where pKa is the negative logarithm of the ionization constant K. 
for the protonated species of the base, [B],I is the molar aqueous 
solubility of lidocaine base, and [Ao] is the molar aqueous concen- 
tration of the protonated species in solution. At 24O, Levy (7) 
found that [B].,) was 9.184 X M and that the pKa was 7.86. If 
these values are substituted into Eq. 1 and the values for [Ao] are 
systematically varied, then the information contained in Table I1 
can be obtained. 


In Table 11, one notes that, to avoid possible precipitation of lid- 
ocaine base, the pH of a 1% lidocaine hydrochloride solution must 
be pH 6.268 or less, which is approximately the pH of commercial 
1% lidocaine hydrochloride products prior to their injection. If the 
pH of the system is increased to pH 7.4, for example, then the lido- 
caine hydrochloride concentration in the solution would have to be 
reduced according to Eq. 1 to about 0.097% to prevent the forma- 
tion of a precipitate. Thus, if the pH in the subcutaneous absorp- 
tion cell increased rapidly to about pH 7.4 during the experiment, 
then conditions were favorable for drug precipitation at the ab- 
sorption site. Drug precipitation might not occur if supersatura- 
tion occurred or if drug interactions occurred with the proteins 
present in the biological fluids in the subcutaneous absorption cell 
(15), which might reduce the drug concentration below the point at 
which precipitation would occur. 


The third point was that, by using the data shown in Table I, 
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Table 11-Calculated p H  values from Eq. 1 at which 
Precipitation of Lidocaine Base Will Jus t  Begin to Occur 
from Various Concentrations of Lidocaine 
Hydrochloride at 24 O 


PHP Percent (w/v) Molar 


6.246 
6.268 
6.367 


1.05 
1.00 
0.80 


6.497 0.60 
6.683 0.40 ~ . ~ ~ -  


7.013 0.20 
7.399 0.097 
7.515 0.08 
7.711 0.06 


38.77 X 
36.93 
29.54 
22.16 
14.77 
7.39 
3.58 
2.95 
2.22 


8.077 0.04 1.48 


plotting the logarithm of the percent of lidocaine present in the 
subcutaneous absorption cell uersus sampling time resulted in 
plots that could not be resolved conveniently into a pharmacokine- 
tic model that could be described by mono- or biexponential loss of 
drug from the cell. In contrast, Levy (7) found that the disappear- 
ance of lidocaine hydrochloride from an open subcutaneous cell 
uersus time could be described by an apparent biexponential equa- 
tion. The initial drug concentration used was 7 X M and the 
aqueous isotonic system was buffered at pH 7.95, so that drug pre- 
cipitation at  the absorption site would not occur. The disadvan- 
tage of adding a buffer is that the commercial solution under study 
is not precisely the same as that formulated by the manufacturer. 
Also, the added buffer may cause initial precipitation of the free 
base. 


When the subcutaneous absorption cell technique has been used 
(3,7), absorption rate differences among animals have been attrib- 
uted in part to surgical techniques resulting in differences in the 
thickness of the subcutaneous membrane through which the drug 
must pass and in part to microcirculation changes in the subcuta- 
neous region as the experiment progresses, resulting from such fac- 
tors as trauma, inflammation, anesthesia, and drug effects. These 
and other factors represent a limitation to the method when the 
results of this experimental design are related to actual subcuta- 
neous drug administration, where most of these factors are absent 
or greatly reduced. 


An “internal standard” method has been used (7); in a given ex- 
periment, it is the ratio of the half-life of the rate-limiting step for 
drug absorption divided by the half-life of the rate-limiting step 
for the internal standard. This ratio should be reasonably constant 
from experiment to experiment. A reason for not using an internal 
standard method in this study is that the solution under consider- 
ation would not be precisely the same as that formulated by the 
manufacturer. Also, it must be shown that neither the drug nor the 
internal standard will influence the absorption of the other. 


In conclusion, the use of the subcutaneous absorption cell tech- 
nique in evaluating drug absorption is most useful in studying salts 


of poorly soluble organic weak bases, such as lidocaine hydrochlo- 
ride, when the drug base will not precipitate over the pH range 
studied and where some control of cell pH is maintained. The 
technique yields less satisfactory results even in a nearly closed 
cell when the solution administered has no added buffers and 
when the drug salt concentration is sufficiently high so that pre- 
cipitation of uncharged drug is likely to occur if the pH shifts from 
that in the original solution to a more alkaline pH value. 
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tion. Both methods clearly indicate that carbonate is 
associated with aluminum in aluminum hydroxide 
gel and should be recognized as an integral part of 
the structure of reactive aluminum hydroxide gel. 


A report on the role of carbonate in aluminum hy- 
droxide-type antacids is in preparation. 
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Cytolytic Effects of Bromoacetylcholine on 
Neuroblastoma In Vitro 


Keyphrases 0 Bromoacetylcholine-cytolytic effects on neuro- 
blastoma in uitro 0 Neuroblastoma-cytolytic effects of bromo- 
acetylcholine in uitro 0 Cancer chemotherapeutic agents-cytoly- 
tic effects of bromoacetylcholine on neuroblastoma in uitro Cy- 
tolytic activity-hromoacetylcholine on neuroblastoma in uitro 


To the Editor: 


Neuroblastoma, probably the most common solid 
cancer in children (l), is treated with vincristine and 
cyclophosphamide. However, the remission rate in 
neuroblastoma patients is quite low and the duration 
of drug effectiveness is fairly short (2-4). Thus, new 
chemotherapeutic agents are needed to cope with 
this highly malignant tumor. 


Recent studies revealed that the nature of neuro- 
blastoma cells can be cholinergic, adrenergic, or inac- 
tive (5-8). I t  is also known that acetylcholinesterase 
is present in all cases and that these cells possess 
membranes that respond to acetylcholine and are 
electrically excitable, indicating the existence of cho- 
linergic receptors a t  the membrane site (7, 9). At- 
tempts made to destroy these tumor cells with an ir- 
reversible adrenolytic agent, 6-hydroxydopamine 
(lo), have met with only partial success, possibly due 
to the inhibition of adrenergic components without 
an affect on the cholinergic parts of these tumor cells. 
Therefore, we proposed to kill these tumor cells 
with irreversible cholinolytics or with cholinergics 
such as bromoacetylcholine perchlorate, 
BrCH2COOCH2CH2+N(CH3)3.C104-. 


Bromoacetylcholine is a cholinergic agonist which 
stimulates both nicotinic and muscarinic receptors 
directly (11-13). However, when it  is incubated with 
cell membranes for 15 min or longer, it binds irre- 
versibly and specifically to the cholinergic receptor a t  
the nicotinic site but not at the muscarinic site (11, 
14). Therefore, i t  was thought that this compound 
might inhibit the growth of neuroblastoma cells. In 
this investigation, bromoacetylcholine inhibited the 
growth of neuroblastoma effectively at  concentra- 
tions of 10-6-10-5 M. Therefore, i t  is hoped that bro- 
moacetylcholine can be used to treat the malignant 
tumor. 
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Figure 1-Inhibition of neuroblastoma cells by bromoacetyl- 
choline. K e y :  0, control; 0, 5 X 10-6 M bromoacetylcholine; 
0, 1 X 10-6 M bromoacetylcholine for the first 16 hr and then 
washed away; ., 1 X M bromoacetylcholine; A, 2 X lo -& 
M bromoacetylcholine; and A, 1 X M bromoacetyl- 
choline. 


Mouse neuroblastoma C-1300 clone N-18 was cul- 
tivated in modified Eagle medium’ (containing, mil- 
ligrams per liter: CaC12, 200; KCl, 400; MgS04, 97.72; 
NaCl, 6800; NaH2P04~H20, 140; glucose, 1000; phe- 
nol red, 10; L-arginine hydrochloride, 126; L-cystine 
dihydrochloride, 31.29; L-glutamine, 292; L-histidine 
hydrochloride-H20, 42; L-isoleucine, 52.5; L-leucine, 
52.4; L-lysine hydrochloride, 72.5; L-methionine, 15; 
L-phenylalanine, 32; L-threonine, 48; L-tryptophan, 
10; L-tyrosine disodium salt, 52.1; L-valine, 46; calci- 
um D-pantothenate, 1; choline chloride, 1; folic acid, 
1; i-inositol, 2; nicotinamide, 1; pyridoxal, 1; ribofla- 
vin, 0.1; and thiamine hydrochloride, 1) supplement- 
ed with 10% fetal calf serum2, 292 mghiter L-gluta- 
mine, 2500 mghiter NaHC03, 50 unitsfliter penicil- 
lin, and 50 unitshiter streptomycin (7). The cells 
were grown at 37’ under 95% air-5% CO2 with 100% 
humidity. 


For the culture experiments, 1 X 106 cells were 
placed in a Falcon tissue culture flask (75 cm2) for 
3-5 days until the cells were in the logarithmic phase 
of growth. They were then removed from the surface 
by a 15-min exposure to 0.05% trypsin in modified D1 
solution (7, 15). The cells were tapped off in fresh 
medium containing 10% fetal calf serum. 


Aliquots of the cell suspension were incubated for 
5 min with 0.04% trypan blue, and the titer of viable 
and nonviable cells was determined with a hemocyto- 
meter. Appropriate dilution was made, and the cell 
suspension was plated at  2 X lo5 cellddish (Falcon 
tissue culture dishes of 60 mm diameter) and grown 
for 24 hr. The medium was replaced with a fresh one 
as the control and with fresh medium plus various 
concentrations of bromoacetylcholine as the experi- 
mental samples. They were further incubated for 40 
hr, and the cultures were removed at  intervals for cell 
count. 


* MEM, Earle’s Powder, Catalog No. F-11, Grand Island Biological Co., 


2 Catalog No. 614, Grand Island Biological Co., Grand Island, N.Y. 
Grand Island, N.Y. 


Figure 1 shows a complete inhibition of neuroblas- 
toma cells by 1 X M bromoacetylcholine with an 
ID5,, of about 5 X M. With higher concentra- 
tions of bromoacetylcholine (2 X 10-5-1 X l op3  M), 
neuroblastoma cells were destroyed and the cell num- 
ber was reduced to below the original level. Figure 1 
also shows an irreversible inhibition of neuroblasto- 
ma by bromoacetylcholine. The medium containing 
bromoacetylcholine was removed from dishes after 16 
hr of incubation. The monolayers were rinsed and 
reincubated with fresh medium alone. No recovery of 
cell growth was observed with these treatments. 
These findings warrant further studies on using bro- 
moacetylcholine to inhibit neuroblastoma in uitro 
and in experimental animals (in uiuo). 


There are three important findings available re- 
garding the pharmacology of bromoacetylcholine: 


1. It produces cholinergic responses that can be 
blocked competitively by cholinergic blocking agents 
such as atropine (muscarinic) and tubocurarine (nic- 
otinic) (11, 13). 


2. It binds irreversibly to cholinergic receptors a t  
nicotinic sites only but not a t  muscarinic sites (14). 


3. It takes lower concentrations M) to pro- 
duce muscarinic responses but higher ones (lod3 M )  
to induce nicotinic responses (13,14). 


Based on these findings, we predict that when bro- 
moacetylcholine is used to treat neuroblastoma pa- 
tients, the muscarinic responses produced will be the 
major side effects. These can be eliminated by using 
atropine and its analogs along with bromoacetylcho- 
line. Since the irreversible binding of bromoacetyl- 
choline to cholinergic receptors at nicotinic sites is 
not affected by atropine, it will abolish side effects of 
bromoacetylcholine without reducing the ability of 
bromoacetylcholine to inhibit the neural tumor. 
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Intestinal Bacterial Reduction of 
4,4’-Dihydroxystilbene to 
4,4’-Dihydroxybi benzyl 


Keyphrases o4,4’-Dihydroxystilbene-intestinal bacterial reduc- 
tion to 4,4’-dihydroxybibenzyl 4,4’-Dihydroxybibenzyl-intestin- 
a1 bacterial reduction from 4.4’-dihydroxystilbene 0 Metabolism- 
trans-stilbene, intestinal reduction of 4,4‘-dihydroxystilbene 


To the Editor: 


We previously reported the metabolic reduction of 
the ethylenic double bond in trans-stilbene to yield 
4,4‘-dihydroxybibenzyl to the extent of 2.1% in rabbit 
urine and 10.6% in guinea pig urine (1, 2). Continued 
studies in our laboratories have shown that rats ad- 
ministered trans-a-l4C-~tilbene intramuscularly in 
peanut oil excreted 4.1% of the dose as the bibenzyl 
compound in urine. These rat studies also have indi- 
cated that 40% of the original activity as compared to 
only 2.3% for rabbits is eliminated over 19 days in the 
feces. 4,4’-Dihydroxybibenzyl was detected by co- 
chromatography with a reference compound in TLC 
Systems I and 11’. It was the major metabolite in rat 
feces in a yield of 12.4% of the dose. 


These species differences, which are consistent 
with reports (3,4) that polarity and molecular weight 
determine the extent of biliary excretion in a given 
species, led us to postulate that biliary excretion and 
subsequent intestinal bacterial action are responsible 
for the reduction of the 4,4‘-dihydroxy metabolite of 
trans-stilbene to 4,4’-dihydroxybibenzyl. That is, the 
increased yield of the bibenzyl compound in the rat 
could be due initially to an increased biliary excre- 
tion of either 4,4’-dihydroxystilbene per SP or, more 
significantly, its glucuronide conjugate. It is of inter- 
est in this regard that enterohepatic circulation has 
been reported for the related compound, diethylstil- 
bestrol, with extensive excretion into rat bile as the 
monoglucuronide followed by hydrolysis and reab- 
sorption of diethylstilbestrol(5-7). 


Recently, Scheline (8) also postulated that 4,4’- 
dihydroxybibenzyl is produced through reduction by 
intestinal microflora. His conclusion was based upon 
a decreased yield of the bibenzyl compound in urine 
of rats treated with the antibiotic neomycin sulfate or 
by bile duct ligation prior to the administration of 
trans-stilbene. Our studies confirm this hypothesis 
by direct incubation of dihydroxystilbene in an intes- 
tinal microflora extract. 


Incubation studies were with 4,4‘-dihydroxy-a- 


1 TLC systems employed were: I, toluene-piperidine 152); and 11, ben- 
zene-methanol (9:l). TLC plates, 5 X 20 cm and 0.25-mm la er thicknesa, 
were precoated with silica gel F-254 (Brinkmann Instruments 80.). 


l4C-stilbene obtained by TLC (System I) of the phe- 
nolic fraction derived from an ether extract of en- 
zyme2-hydrolyzed urine of rabbits administered 
trans-a-’*C-stilbene. The dihydroxy compound, 
which cochromatographed with reference material in 
TLC Systems I and 11, was eluted from silica gel with 
methanol. This extract was concentrated, a few drops 
of polysorbate 80 were added, and the remaining 
methanol was removed before the sample was diluted 
to 1 ml with 0.1 M phosphate buffer (pH 7.4). An ali- 
quot (0.1 ml = 4300 dpm) of the polysorbate 80 sus- 
pension was added to 1 ml of the incubation medium 
previously described (9, 10). The intestinal bacterial 
extract for this mixture was obtained from the intes- 
tinal and cecal contents of male Sprague-Dawley 
rats, 250-300 g. After incubation at 37O for 24 hr 
under nitrogen, the mixture was quenched with 1 N 
HC1 (1 ml) and continuously extracted with ether for 
48 hr. Controls were prepared in the same manner 
except that the intestinal bacterial extract was auto- 
claved for 17 min at 121’ before addition to the sam- 
ple tubes containing substrate. 


Methanol solutions of the ether extracts of the 
control and test samples were investigated for trans- 
formations by TLC System I. Reference compounds 
cospotted with the methanol solution were visualized 
by quenching of the fluorescent TLC plates, while 
radioactive components were located using a radi- 
ochromatogram scanner3. Quantitation was by liquid 
scintillation counting of 0.64-cm (0.25-in.) strips from 
the TLC plates. 


The TLC results from sample incubations indicat- 
ed a yield of 14% of 4,4’-dihydroxybibenzyl a t  R f  0.40, 
but there was no indication of the reduced product 
with TLC of the control incubation. Thus, these in- 
cubation studies confirm the reduction by intestinal 
microflora of 4,4’-dihydroxystilbene and, together 
with reports (9 , l l )  of the reduction of cinnamic acids 
to phenylpropionic acids, establish the conjugated 
ethylenic bond as among the moieties (12) reduced 
by intestinal microflora. 
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protonated and neutral substrates. The following rate law may be 
written: 


where f BH+ and f a  represent the fractions of protonated and neu- 
tral chlordiazepoxide a t  a given hydrogen-ion concentration; pKa 
= 4.6-4.8 measured in 50% polyethylene glycol 300 a t  80°. 


The term k o ~ - [ o H - ] f ~ ~ + ,  Eqs. 4 and 9, may be expressed as the 
kinetically equivalent k ~ f i f ~ ,  as pointed out previously (8,9). 


Nonlinear dependency of the rate constant with buffer concen- 
tration in the 1.7-4.5 pH range was seen, which is likely the result 
of a change in the rate-limiting step with an increase of buffer in 
solution (11-14). 


An extraction procedure was developed as a comparative meth- 
od for the quantitative TLC process. The technique consisted of 
extraction of the decomposition products into methylene chloride 
from acidified chlordiazepoxide followed by UV analysis of the aci- 
dic aqueous layer. 


The quantitative TLC method worked well for chlordiazepoxide, 
with initially discovered discrepancies being the consequence of a 
lack of control of the buffer concentration and occasional precipi- 
tation of the substance from solution upon cooling during the 
streaking procedure. When these factors were controlled, results 
were obtained in accord with those from the extraction procedure. 


The work presented here corroborates applicability of the TLC 
technique to molecules that do not lend themselves to kinetic anal- 
ysis by standard differential UV techniques. Thus, the delays oc- 
casionally encountered in assay development may be circumvent- 
ed. Although this procedure is not the ultimate in simplicity, it af- 
fords ready availability of stability results to the formulator as well 
as to the kineticist. 
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Simultaneous Determination of 
Phenylbutazone and Oxyphenbutazone in Plasma by 
High-speed Liquid Chromatography 


N. J. POUND and R. W. SEARS 


Abstract 0 A sensitive, specific, high-speed liquid chromato- 
graphic procedure is described for the simultaneous determination 
of phenylbutazone and its metabolite, oxyphenbutazone, in plas- 
ma. Acidified plasma is partitioned with cyclohexane-ether (1: 
1) containing the 2,4-dinitrophenylhydrazone of 3,l-dimethoxy- 
benzaldehyde as an internal standard. The organic extract is re- 
duced to dryness, the resulting residue is redissolved in chloro- 
form, and aliquots of this solution are chromatographed on an ad- 
sorption column, using a mobile phase of 0.00% acetic acid and 


23.0% tetrahydrofuran in n-hexane at 35O. Use of a UV detector 
permits quantitative analysis of samples containing less than 0.25 
pg/ml of phenylbutazone or oxyphenbutazone. 


Keyphrases Phenylbutazone-oxyphenbutazone-simultaneous 
determination in plasma, high-speed liquid chromatography Ox- 
yphenbutazone-phenylbutazone-simultaneous 1 determination in 
plasma, high-speed liquid chromatography 0 Liquid chromatogra- 
phy, high speed-simultaneous determination in plasma of phen- 
ylbutazone and oxyphenbutazone 


Several spectrophotometric procedures (1-6) and a dioxo-4-butylpyrazolidine) and hydroxyphenylbuta- 
GLC method (7) have been reported for the determi- zone [1,2-diphenyl-3,5-dioxo-4-(3-hydroxybutyl)py- 
nation of phenylbutazone in biological fluids; how- razolidine]. 
ever, fewer methods have been described for the esti- The classical method of Burns et al. (1) is not of 
mation of two known metabolites (1) of this drug, ox- sufficient sensitivity to estimate phenylbutazone and 
yphenbutazone (1-phenyl-2-p- hydroxyphenyl-3,5- oxyphenbutazone in biological fluids following single 
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doses of phenylbutazone. Although the need for a 
sensitive and specific method for estimating phenyl- 
butazone in plasma has been met by recently re- 
ported high-speed liquid chromatographic (HSLC) 
(8) and GLC procedures (S), the development of 
HSLC and GLC methods for measuring oxyphenbu- 
tazone in plasma, following single doses of phenylbu- 
tazone, was undertaken for pharmacokinetic studies 
under investigation in this laboratory (10). 


The HSLC procedure described compares favor- 
ably with the recently reported GLC method (11). It 
possesses adequate sensitivity for single-dose studies, 
is somewhat less complex than the GLC procedure, 
and permits the simultaneous determination of both 
phenylbutazone and oxyphenbutazone from a single 
plasma extract. 


.PHENYLBUTAZDNE 


EXPERIMENTAL 


Materials-Complimentary samples of phenylbutazonel, oxy- 
phenbutazone2, and hydroxyphenylbutazone2 were used as re- 
ceived. Tetrahydr~furan~, freshly distilled and dried over molecu- 
lar sieves3, and spectrograde n-hexane4 were used as solvents. The 
2,4-dinitrophenylhydrazone of 3,4-dimethoxybenzaldehyde, used 
as the internal standard, was prepared by the reported procedure 
(12), mp 264-266’ [lit. (12) mp 264O]. 


Chromatographic Procedure-Details of the modified con- 
stant-pressure high-speed liquid chromatograph5 used in this 
study were previously reported (13). The chromatograph was 
equipped with a stop-flow injection port5, a constant-temperature 
water bath6, and a fixed-wavelength (254 nm) UV absorbance de- 
tector5. 


The adsorption column7 (100 cm X 1.8 mm i.d., 304 stainless 
steel) was dry packed by a procedure similar to the one described 
by Kirkland (14), then coiled (radius 15 cm), and fitted horizontal- 
ly into the water bath of the instrument. Analyses were performed 
using a mobile phase of 0.002% acetic acid and 23.0% tetrahydrofu- 
ran in n- hexane at  a flow rate of 60 m l h r  (475 psi) and a tempera- 
ture of 35”. The mobile phase was “degassed” by applying vacuum 
(about 100 mm) to the solvent reservoir for approximately 1 min 
before use. Extraction residues were redissolved in chloroform, and 
lo-pl aliquots of this solution were injected directly on-column 
with a 25-pl syringes using a stop-flow injection technique. 


Preparation of Standard Solutions-Standard solutions of 
phenylbutazone and oxyphenbutazone were prepared by dissolv- 
ing a sample of the drug substance, accurately weighed, in 95% eth- 
anol (1 ml) in a 100-ml volumetric flask and then bringing the so- 
lution to volume with phosphate buffer (pH 7.2). Aliquots of each 
solution were mixed and further diluted with water to produce a 
final solution containing the desired concentration of phenylbuta- 
zone and oxyphenbutazone. 


Spiked plasma solutions were prepared by transferring an ali- 
quot (1.0 ml) of the aqueous phenylbutazone-oxyphenbutazone 
solution to a 5-ml volumetric flask, bringing the solution to volume 
with citrated human plasma, and mixing thoroughly. 


Analytical Procedure-An aliquot (1.0 ml) of the plasma sam- 
ple was transferred to a 10-ml screw-capped centrifuge tube, 1 M 
hydrochloric acid (1 ml) and a solution of the internal standard (15 
- 75 pg/ml, accurately weighed) in cyclohexane-ether (1:l) (6.0 
ml) were added, and the tube was tumbled9 for 15 min at  30 rpm. 
The tube was then centrifuged for 2-3 min at  3000 rpm, and the 
upper organic layer was transferred, with a Pasteur pipet, to a 15- 
ml conical screw-capped centrifuge tube. 


The solvent was evaporated under nitrogen in a constant-tem- 


-2,4-DNP OF 3.4- 
DIMETHOXYBENZAL- 
DEHYDE (INTERNAL 


STANDARD) 


* Mount Royal Chemicals, Montreal, Quebec, Canada. 
2 Ciba-Geigy Pharmaceuticals, Canada. 


Fisher Scientific, Montreal, Quebec, Canada. 
4 Caledon Laboratories Ltd., Georgetown, Ontario, Canada. 


Model 4000, Varian Aerograph, Palo Alto, Calif. 
6,~Mode113084, Labline Industries, Melrose Park, Ill. 
7 Sil-X adsorbent, Perkin-Elmer Corp., Norwalk, Conn. 
a Model 702N. Hamilton Co., Reno, Nev. 


Multi-Rotator, Scientific Industries Ltd., Springfield, Mass. 
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Figure 1-High-speed chromatograms of human plasma ex- 
tracts. Key:  a, control plasma; and b, plasma containing 2.0 
pg/ml phenylbutazone, 2.1 pg/ml internal standard, and 7.7 
pg/ml oxyphenbutazone. The conditions were: 1 m X 1.8 mm 
i.d. column using a mobile phase of 0.002 % acetic acid, 23.0% 
tetrahydmfuran in n-hexane at a flow rate of 60 ml/hr at 35O, 
and a detector attenuation of 0.04 absorbance unit full scale. 


perature (60O) water bath. Chloroform (1 ml), which was used to 
rinse the inner walls of the tubes, was also evaporated. Aliquots (10 
pl) of the solution, prepared by promptly redissolving the resulting 
residue in 50-200 pl of chloroform to give an anticipated drug con- 
centration of 35-200 nglpl, were chromatographed. 


Peak height ratios were calculated by dividing the peak height 
of phenylbutazone or oxyphenbutazone by the peak height of the 
internal standard. The amount of each drug substance was then 
calculated from the respective calibration curve.’ 


RESULTS AND DISCUSSION 


Figure l b  illustrates the chromatogram obtained from the anal- 
ysis of a plasma sample containing 2.0 pg/ml of phenylbutazone, 
2.1 pg/ml of internal standard, and 7.7 pg/ml of oxyphenbutazone, 
using the described chromatographic system. This figure repre- 
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Figure 2-Phenylbutazone concentration in plasma of human 
volunteer following single oral dose of 2 X 100-mg phenyl- 
butazone tablets. 
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Table I-Analysis of Spiked Phenylbutazone-Oxyphenbutazone Plasma Samplesa 


Phenylbutazone, pg/ml Oxyphenbutazone, pg/ml 


Sample Calc. Found Recovery, % Calc. Found Recovery, % 


6.53 6.49 99.39 
4.13 4.11 99.52 
8.49 8.61 101.41 - . _ _  
7.78 
1.58 
0.23 


~. ~~. 


7.61 
1.57 
0.22 


97 .si 
99.37 
99.13 


6.46 6.38 98.76 
4.30 4.31 100.23 
8.88 8.99 101.24 
7.74 7.57 97.80 
1.86 1.84 98.92 
0.31 0.31 98.73 


Mean 99.44 99.28 
RSD, % fl.17 f1.26 


a Average analysis of duplicate aliquote. 


sents an on-column injection of 0.4 pg of phenylbutazone and 1.5 
pg of oxyphenbutazone. Analysis is achieved in less than 8 min. Al- 
though a small amount of interference does occur with the phenyl- 
butazone peak, no compounds that interfere with oxyphenbuta- 
zone are extracted from plasma (Fig. la) .  The chromatogram 
shown in Fig. la is typical of the blank obtained from plasma sam- 
ples from six volunteers. 


Adsorption chromatography was chosen because it offers the ad- 
vantage of rapid analyses and excellent column stability. A single 
column was used throughout this study. A simple solvent system of 
n- hexane modified with 23.0% tetrahydrofuran was used as a mo- 
bile phase. The addition of a small amount (0.002%) of acetic acid 
to the mobile phase reduced the slight tendency of the peaks to 
tail. Operation at 35O reduced column back pressure (475 psi) and 
improved column efficiency. 


Although hydroxyphenylbutazone, the other known metabolite 
of phenylbutazone (I), is not completely resolved from oxyphenbu- 
tazone, this compound could be detected readily if i t  were present 
in a sample. Under these chromatographic conditions, retention 
times of 2.73,4.33, 5.36, and 6.12 min are obtained for phenylbuta- 
zone, the internal standard, hydroxyphenylbutazone, and oxy- 
phenbutazone, respectively. No hydroxyphenylbutazone has been 
detected in any of the single-dose studies performed in this labora- 
tory (10). 


Analyses were performed as described. To avoid degradation of 
the sample extracts (8), the residues were promptly redissolved in 
chloroform (50-200 pl) and chromatographed. No decomposition 
of the drug substances was detected. Chloroform was chosen as the 
solvent for redissolving the sample residues since the internal stan- 
dard, phenylbutazone, and oxyphenbutazone are all readily soluble 
in this solvent, the injection of 10 p1 of chloroform does not affect 
the resolution of the separation, and the vapor pressure of chloro- 
form is high enough to prevent excessive loss due to evaporation 
between injections. 


Quantitation was performed by peak height measurement to 
avoid the problems associated with the integration of the small 
broad peaks frequently encountered in HSLC (8). Previous work 
in this laboratory (8, 15) has indicated that peak height data com- 
pare favorably with those obtained by digital integration. 


The 2,4-dinitrophenylhydrazone of 3,4-dimethoxybenzaldehyde 
was used as an internal standard. It was added directly with the 
extracting solvent before partitioning the samples, thereby reduc- 
ing errors caused during transfer and evaporation procedures. The 
use of 2,4-dinitrophenylhydrazine derivatives as internal stan- 
dards shows particular promise due to their ease of synthesis, sta- 
bility, and intense UV absorbance at  254 nm. Judicious selection of 
the ketone or aldehyde reagent makes it possible to prepare inter- 
nal standards with the required retention time for a particular sep- 
aration. 


Comparable values for linearity and sample recoveries (>98%) 
were obtained for both phenylbutazone and oxyphenbutazone 
from spiked solutions prepared with either plasma or water. The 
use of water instead of plasma facilitated the preparation of syn- 
thetic solutions used to prepare and check the calibration curves. 
Calibration curves for phenylbutazone and oxyphenbutazone were 
obtained by plotting the response uersus weight ratio of drug-in- 
ternal standard for a series of synthetic aqueous mixtures of both 
drugs. Both plots were straight lines (y  = mx ) over the concentra- 
tion range of from 0.230 to 37.64 pg/ml for phenylbutazone or from 


0.315 to 43.37 pg/ml for oxyphenbutazone. Mean slope values of 
1.146 and 0.460 were obtained for phenylbutazone and oxyphenbu- 
tazone, respectively. These curves were checked daily, and the dif- 
ference between the calculated and found response ratios of the 
standard solutions was never more than 2%. 


The precision of this procedure is reflected by the data obtained 
from the analysis of six aliquots of each of two spiked plasma sam- 
ples. Recovery values of 0.228 f 0.004 and 0.311 f 0.004 pgjml 
were obtained from the analysis of samples containing 0.230 and 
0.315 pg/ml of phenylbutazone and oxyphenbutazone, respectively. 
Similarly, values of 7.61 f 0.12 and 7.57 f 0.09 pg/ml were ob- 
tained for samples containing 7.78 pg/ml of phenylbutazone and 
7.61 pg/ml of oxyphenbutazone. These results were obtained using 
a detector attenuation of 0.04 absorbance unit full scale (aufs). At 
maximum detector sensitivity (0.005 aufs), the on-column injec- 
tion of approximately 15 ng (0.075 pg/ml of plasma) of phenylbu- 
tazone would produce a readily detectable (10% of full scale) re- 
corder response. The minimum detectable amount of oxyphenbu- 
h o n e  would be somewhat higher (20 nghnjection). 


The results from the analysis of six spiked plasma samples re- 
flect the accuracy of the procedure (Table I). Mean recovery values 
of 99.44 f 1.17 and 99.28 f 1.26% were obtained for phenylbuta- 
zone and oxyyhenbutazone, respectively. All six plasma blanks 
used contained a small, relatively constant amount of extraneous 
material which produced some interference with the phenylbuta- 
zone peak. The chromatogram shown in Fig. la is typical. The 
phenylbutazone data shown in Table I were corrected by subtract- 
ing the value of the plasma blank from the height of the phenylbu- 
tazone peak before calculations were performed. 


The accuracy and precision of this method are further substan- 
tiated by the results presented in Figs. 2 and 3. Figure 2 illustrates 
the 72-hr plasma phenylbutazone profiles of a human subject 
[male, 90.8 kg (200 lb)] who had been administered 2 X 100-mg 
tablets of phenylbutazone. Samples of blood (10 ml) were with- 
drawn from the cubital vein by means of heparinized containersL0. 
Blood samples were centrifuged, and the plasma was transferred 
and stored at -loo. Samples were stable for at least 2 weeks under 
these conditions (8, 9). The profiles shown in Fig. 2 were obtained 
using the procedure described in this article (Method B), which 
permits the simultaneous determination of both phenylbutazone 
and oxyphenbutazone, and a previously reported HSLC method 
(Method A) (8), which provided only for the determination of 
phenylbutazone. The two profiles compare favorably. 


Phenylbutazone and oxyphenbutazone plasma levels of a male 
volunteer (90.8 kg (200 lb)] who had been given a 400-mg dose of 
phenylbutazone in solution were also monitored over 388 hr. Pro- 
files obtained by both this HSLC procedure and a recently devel- 
oped GLC (11) method are shown in Fig. 3. The two techniques 
compare favorably. Overall differences between the two proce- 
dures were 8.1 and 7.7% for phenylbutazone and oxyphenbutazone, 
respectively. 


In conclusion, the HSLC procedure described here provides a 
rapid, sensitive, and precise method for the simultaneous determi- 
nation of plasma levels of phenylbutazone and oxyphenbutazone. 
It offers the added advantage that since the second metabolite, hy- 
droxyphenylbutazone, can be clearly distinguished, i t  can be em- 


'" Vacutainers, Beckton Dickinson & Co., Mississauga, Ontario, Canada. 
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Figure 3-Comparison of plasma levels determined by HSLC and GLC procedures ( 1 1 )  following Q single oral dose of 400-mg 
solution of phenylbutazone to Q volunteer. 


ployed for the analysis of phenylbutazone and oxyphenbutazone in 
multiple-dose as well as single-dose pharmacokinetic studies. 
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Antitubercular Activity of 
Substituted 5-0xo-l-thiocarbamoyl-3-pyrazoline-4-alkanoic 
Acid Derivatives 


ARTHUR A. SANTILLI”, DONG H. KIM, and FRANCIS J. GREGORY 


Abstract Several novel pyrazolin-5-ones prepared by the cycli- 
zation of variously substituted thiosemicarbazone derivatives of 
ethyl formylsuccinate, ethyl acetylsuccinate, and ethyl acetylgluta- 
rate were tested for antitubercular activity against Mycobacterium 
tuberculosis, human type, strain H37Rv, by a tube dilution tech- 
nique. Minimum inhibitory concentrations (MIC) for these deriva- 
tives ranged from 0.05 to 100 Mg/ml. The most active compound 
was ethyl 3-methyl-l-methylthiocarbamoyl-5-oxo-3-pyrazoline-4- 
acetate (MIC = 0.05-0.1 Mg/ml). 


Keyphrases 5-Oxo-l-thiocarbamoyI-3-pyrazoline-4-alkanoic ac- 
id derivatives-synthesis, antitubercular activity Pyrazolin- 
5-one derivatives-synthesis, antitubercular activity Antituber- 
cular activity-synthesis and screening of substituted 5-0x0-1- 
thiocarbamoyl-3-pyrazoline-4-alkanoic acid derivatives 


Various classes of thiosemicarbazones have been of 
interest to clinicians for their therapeutic value as 
antitubercular, antiviral, antileprotic, and antifungal 
agents (1-3). Recently, the synthesis of a group of 
variously substituted 5-0x0-1-thiocarbamoyl-3-pyra- 
zoline-4-alkanoic acid derivatives (IIa-IIl), which 
were prepared by the cyclization of open-chain 
thiosemicarbazones ( I )  of diethyl formylsuccinate, di- 
ethyl acetylsuccinate, and diethyl acetylglutarate, 
was described (4). Spectral evidence indicates that 
these compounds also exist in their tautomeric 5- 
hydroxypyrazole form (II’a-II’l). Several of these de- 
rivatives were tested for their overall therapeutic 
value as anti-infective agents and were found to pos- 
sess substantial antitubercular activity against Myco- 
bacterium tuberculosis, human type. A summary of 


the biological test results in relation to chemical 
structure is reported here. 


EXPERIMENTAL’ 


The open-chain thiosemicarbazones (I) were prepared by heat- 
ing ethyl formylsuccinate, ethyl acetylsuccinate, or ethyl acetylglu- 
tarate with 1 equivalent of a suitably substituted thiosemicarba- 
zide (Scheme I). Ring closures of these derivatives were carried out 
by warming the various thiosemicarbazones in ammonium hydrox- 
ide solution followed by acidification; the title compounds were 
obtained (Table I). The esters were readily converted to the corre- 
sponding acids by hydrolysis using sodium hydroxide solution. 


Synthesis-The following example typifies the method used to 
prepare the title compounds. Further preparative details as well as 
the chemistry and spectral analyses for other compounds were pre- 
viously published (4). 


Diethyl Acetylsuccinate Thiosemicarbazone (I)-A mixture of 
10.8 g of diethyl acetylsuccinate and 4.56 g of thiosemicarbazide in 
250 ml of ethanol was heated under reflux for 17 hr. The ethanol 
solution was cooled in ice, and cyclohexane was added to precipi- 
tate the product. The product amounted to 13.1 g, mp 98-102O. 
The analytical sample (mp 98-100O) was obtained by recrystalliza- 
tion from ethanol-cyclohexane; IR (KBr): 2.90, 3.00, 3.12 (NH), 
5.72, and 5.79 (ester C=O) rm. 


Anal.-Calc. for CllH19N304S: C, 45.66; H, 6.62; N, 14.52; S, 
11.08. Found: C, 45.64; H, 6.58; N, 14.65; S, 11.42. 


Ethyl 3-Methyl-5-oxo-l-thiocarbamoyl-3-pyrazoline-4-acetate 
(IIa)-A mixture of 10 g of diethyl acetylsuccinate thiosemicarba- 
zone and 250 ml of concentrated ammonium hydroxide solution 
was heated on a steam bath for approximately 30 min, a t  which 


1 Melting points were determined with a Thomas-Hoover capillary melt- 
ing-point apparatus and are uncorrected. The IR spectra were determined in 
potassium bromide disks using a Perkin-Elmer model 21 spectrophotome- 
ter. 
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I c=s 


NHR, 


(‘=S 


NHR, I Table I-Substituted 5-0xo-1-thiocarbamoyl-3-pyrazoline-4-alkanoic Acid I 
Derivatives and Their I n  Vitro Activity versus M. tuberculosis, Human Type  


Compound n Ri R? R3 


Activity versus 
H37Rv, MIC, 


Melting Point Formula Mg/ml 


IIa 1 H CH3 OCHzCH3 146-148’ C9Hi3N303S 0.5 
I Ib  1 H CHI OH 178-179 O C7H9N303S 50 


I Id  1 CH3 CHI NH, 181-183’ CsHizN40zS 5 . 0  
IIe 1 CH3 CH3 OH 180-182’ CsHiiNaO3S 50 


1 CH3 H OH 192-194’ C ~ H D N ~ O ~ S  50 
IIf 
IIg 
I I h  
IIi 2 H CH3 OCH2CH3 149-150’ C,nHiJ’J30&3 0.5 


I I C  1 CH3 CH3 OCH2CH3 151-153’ CinHiE”03S 0.05-0.1 


1 CH3 H OCHZCH, 149-151’ C J I d 3 0 3 S  0 . 1  


1 H H OCHrCH3 141-142 O CaHiiN303S 100 


IIj 2 H CH3 OH 186-18z O CsHiiN303S 
IIk 2 CHZCH3 CH3 OCH&H, 72-74 CIZHIJ’~~O~S 
IIZ 2 CHZCH, CH, OH 152-153O dec. CioHit“03S 10 


50 - 


(CH,),CO,CH,CH 
/ 


R,-C-CH 
II \ 
N CO,CHlCH, 


“H 
I 
c=S 


I 
AHR, 


I 


NHR, 
IIa-III 


(CHI),CO,CH,CH, 


c=s 
I 
NHR, 


~I’u-II‘/ 
Scheme I 


time the reaction mixture was filtered free of some undissolved 
particles. The solution was cooled in ice and acidified with concen- 
trated hydrochloric acid. The precipitate which formed amounted 
to 3 g. The analytical sample (mp 146-148’) was obtained by re- 
crystallization from ethanol; IR (KBr): 3.08 (NH), 5.72 (ester 
C=O), and 6.02 (lactam C=O) ,urn. 


Anal.-Calc. for CgH13N303S: C, 44.43; H, 5.38; N, 17.27; S, 
13.18. Found C, 44.44; H, 5.40; N, 17.64; S, 13.43. 


Biological-The compounds described here were tested for 
their bacteriostatic activity against M. tuberculosis, human type, 
strain H37Rv, by a tube dilution technique. The medium em- 
ployed was Dubos oleic acid liquid medium. Stock cultures were 
maintained on Dorset egg agar. Stock solutions of 1000 wg/ml of 
drug were prepared in distilled water or dimethylacetamide, and 


aqueous solutions were sterilized by passage through a Swinny fil- 
ter. One-milliliter quantities of each dilution were incorporated 
into 9 ml of medium to give final concentration values of 0.01-100 
fig/ml. Tubes were seeded with 0.1 ml of standardized bacterial 
suspension and incubated for 2 weeks at 37’. The minimum inhib- 
itory concentration (MIC), expressed in micrograms per milliliter, 
is the least amount of material required for complete inhibition of 
growth of M. tuberculosis. 


RESULTS AND DISCUSSION 


Compound IIc (Table I) showed the highest order of activity of 
the compounds tested (MIC = 0.05-0.1 ,ug/ml). Activity dimin- 
ished considerably when this compound was tested as the free acid 
(He) or as a carboxamide (IId). Replacement of the methylthiocar- 
bamoyl group by a thiocarbamoyl group (110) also resulted in di- 
minished activity. Replacement of the 3-methyl group in IIc by a 
hydrogen afforded IIf, which showed a high order of activity simi- 
lar to that of IIc. 


An activity comparison for IIa and IIi indicates that no gain in 
potency results when the alkanoic acid chain is extended by one 
methylene group. A comparison of IIc with 3-methyl-5-oxo-3-pyra- 
zoline-4-acetate (4) (MIC = 0.5 Mg/ml) indicates that the methyl- 
thiocarbamoyl group must contribute significantly toward activity 
in this series since potency diminished considerably in its absence. 
Similarly, removal of the alkanoic acid group appears to have a 
deleterious effect on activity. This supposition is based on the fact 
that a sharp decline in potency was observed when 3-methyl-5- 
0x0-1-methylthiocarbamoyl-3-pyrazoline (4) (MIC = 1 pg/ml) was 
compared with IIc. The clinical agent isoniazid was used as the 
standard for comparison. When tested in this assay, its MIC was 
0.005-0.01 jtg/ml. 
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The central importance of cyclic nucleotide phos- 
phodiesterases in drug development stems from the 
significant role that they must play in the control of 
intracellular cyclic nucleotide levels coupled with 
their apparent.sensitivity to a large variety of chemi- 
cal compounds (1,2). Although two review articles on 
phosphodiesterases appeared recently (3, 4), aspects 
of these enzymes directly related to drug develop- 
ment have largely been ignored. 


The purposes of this review are to cover these as- 
pects in greater detail and to evaluate critically most 
major trends in this rapidly expanding area. How- 
ever, due to the immense explosion in cyclic nucleo- 
tide research, an arbitrary selection of published re- 
ports had to be made. Many additional references 
may be found in the previous review articles (3,4). 


Phosphodiesterase catalyzes the apparently nonre- 
versible (5) hydrolysis of the 3'-bond in the cyclic nu- 
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cleotides to produce their noncyclic 5'-monophos- 
phate derivatives (Scheme I). Phosphodiesterase-cat- 
alyzed hydrolysis is the major physiological pathway 
for the termination of the intracellular effects of the 
cyclic nucleotides; there is not much support for 
other pathways for the degradation of cyclic AMP (6, 
7). 


Abnormal levels or forms of phosphodiesterase are 
associated with, and appear to contribute to, a num- 
ber of disease states. Furthermore, various hormones 
may act by modulating phosphodiesterase activity in 
their target tissues. The enzyme also appears to be 
directly involved in the regulation of the chemotactic 
response of cellular slime molds (8-15) and may be 
implicated in receptors for taste (16-18), dopamine 
(19), and light (20) as well. 


In a number of situations, the intracellular levels of 
the cyclic nucleotides and their related effects appear 
to be correlated closely with the magnitude of phos- 
phodiesterase activity. The enzyme also translates 
into cellular events the actions of many drugs. It ap- 
pears that phosphodiesterase represents more than 
just an off-switch for the cyclic nucleotide system 
and that it shares with the cyclases, the enzymes ca- 
talyzing the formation of the cyclic nucleotides, the 
important function of the delicate control of the in- 
tracellular cyclic nucleotide levels and consequently 
their myriad of important effects (21-23). 


Although the cyclases, at least theoretically, pre- 
sent a suitable and possibly superior locus for the 
modulation of intracellular cyclic nucleotide levels, 
they presently occupy a position secondary to phos- 
phodiesterases in efforts to develop new drugs that 
act uia the cyclic nucleotide system. This stems pri- 
marily from the strict structural requirements for 
compounds that can directly affect cyclase activities. 
This may be due, at  least in part, to the highly discri- 
minative nature of these enzymes, since they appear 
to be primarily designed to distinguish only a limited 
number of the natural information-transferring mol- 
ecules (hormones), depending upon the tissue in 
question. Only close structural relatives of those lig- 
ands can directly influence cyclase activity, thus se- 
verely limiting the range of chemical classes that can 
be developed for the purpose. 


This limitation, however, may not include the com- 
pounds that can specifically block the stimulatory ef- 
fects of the natural hormones on the cyclase enzymes. 
Here, a slightly wider selection of chemical entities 


may allow for the development of still better and pos- 
sibly more selective blockers of hormonal effects on 
the cyclase enzymes (24). Conversely, phosphodies- 
terases, owing to their apparent sensitivity to a wider 
selection of chemical structures, present a more fer- 
tile field for development of new drugs with wider 
ranges of activity and selectivity. Since the cyclic nu- 
cleotides appear to be involved in nearly all facets of 
cellular activity in both healthy and disease states, 
there is no limit to the range of pharmacological ef- 
fects that phosphodiesterase modifiers may produce, 
hence the central importance of phosphodiesterase 
for modern drug development. 


This review is divided into two main sections. The 
first section describes the general aspects of the, 
phosphodiesterase enzymes. The second section deals 
primarily with the activators and inhibitors of the en- 
zyme and structure-activity relationships of the lat- 
ter. 


GENERAL CONSIDERATIONS 


Phosphodiesterases occur widely in biological sys- 
tems. They are present in nearly all mammalian 
tissues (3, 4, 25, 26), with the possible exceptions of 
red blood cells (27) and isolated rat adrenal cells (28). 
These two cellular systems provide excellent models 
for studying cyclic nucleotide synthesis uncomplicat- 
ed by the interference of phosphodiesterases. These 
enzymes have been found also in bacteria (29-321, 
yeast (331, insects (34-371, higher plants (38-42), and 
several marine organisms (43, 44). In general, they 
are found wherever the cyclic nucleotides exist. Phos- 
phodiesterase activity is detected early in embryonic 
development (20, 45-47), increases up to maturity, 
seems to decrease with age (48-50), and varies in ac- 
tivity with the cell cycle (51). 


The central nervous system (CNS) seems to con- 
tain the highest levels of phosphodiesterase activity 
(27,35,52-551, a good portion of which appears to be 
particulate and may be associated with nerve end- 
ings, postsynaptic membranes (56-58), and synapto- 
somes (59-61). The enzyme from almost all other 
tissues is usually soluble, although there are definite 
indications that it may be at least partly particulate 
in intact cells and is solubilized during the isolation 
procedures. The particulate nature of phosphodies- 
terase and its possible plasma membrane localization 
are of the utmost importance to the design of drugs 
that can modulate the activity of the enzyme. The lo- 
calization of the enzyme on the outside of cellular 
membranes is an obligatory assumption to provide 
necessary support for the effects on the enzyme ac- 
tivity in intact cells of some large peptide derivatives 
that cannot cross cellular membranes, e.g., insulin- 
cepharose complexes that appear to act extracellular- 
ly (62,63). 


The general and kinetic properties of phosphodi- 
esterases were recently reviewed (3, 4). Most studies 
in this area were carried out on the soluble enzymes, 
with few investigations of the particulate phosphodi- 
esterases. Whether the soluble phosphodiesterases 
are identical structurally and/or functionally. to the 
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particulate forms is not known. Thus, it may prove 
dangerous to extrapolate data obtained with the solu- 
ble enzymes to the particulate forms. This point can- 
not be overstressed, since the particulate forms may 
represent the more important in uiuo forms of the 
enzyme and appear to respond differently to drugs. 


Soluble phosphodiesterases are remarkably stable 
enzymes in the crude form, with an approximate mo- 
lecular weight in the range of about 100,000-500,000 
(3, 39, 64-66). They require a divalent cation for ac- 
tivity, preferably Mg+2, and have a pH optimum be- 
tween 7.5 and 8.5 (44, 67-71). Some unusual metal- 
ion requirements were reported for specific rat liver 
(72) and Escherichia coli enzymes (29). Some plant 
enzymes appear to have widely different properties 
and varying sensitivities to pH, ions, and inhibitors 
(30,42,73, 74). Plant phosphodiesterases also appear 
to exhibit unusual sensitivity to phosphate (73, 75) 
and can preferentially hydrolyze the 5’-bond of cyclic 
AMP to produce the 3’-monophosphate nucleoside, 
in obvious contrast to animal phosphodiesterases (42, 
74,76-78). 


With mild techniques of isolation, phosphodies- 
terases seem to be associated with the cyclase com- 
plexes, appearing usually in the same fraction as the 
cyclases (56, 79-81). The association between phos- 
phodiesterases and nucleotidyl cyclases can still be 
detected in partially purified preparations of the lat- 
ter (82). It is possible that at least one phosphodies- 
terase form may represent a part of the cyclase com- 
plex. Phosphodiesterase contamination often pre- 
sents a difficulty in cyclase assays, necessitating the 
addition of large quantities of theophylline to inhibit 
phosphodiesterase activity. 


Kinetically, the enzyme presents a complex picture 
even when present in a reasonable state of purity. 
This observation led to the suggestion that the en- 
zyme exhibits negative (79, 83) or even positive (84, 
85) cooperative behavior. Such’ a conclusion, how- 
ever, cannot be convincingly reached before greater 
purification of the enzyme is achieved. 


Preparation, Purification, and Assay-The 
methods used for the preparation, purification, and 
assay of phosphodiesterase were recently reviewed 
(86, 87). These methods generally follow the leading 
efforts from the laboratory of Earl Sutherland, where 
the first methods to prepare, partially purify, and 
assay the enzyme were developed (52). The method 
selected for the assay of phosphodiesterase should be 
sensitive enough to measure the activity of the im- 
portant, low K ,  forms of the enzyme. Since the en- 
zyme appears to exist in at least two forms, varying 
widely in K, values, the substrate levels used in the 
assay do largely determine which form of the enzyme 
is being assayed. 


There are several good methods for the assay of 
phosphodiesterase activity (88-91) (for review, see 3, 
4,86,87, and 92). Although the colorimetric and titri- 
metric methods are simpler and more convenient to 
use than other methods, their low sensitivity makes 
them unsuitable for the assay of the high affinity, low 
K ,  forms of the enzyme. 


The most widely used methods at  present are 
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Figure l-Sucrose gradient fractionation of platelet whole 
homogenate. The fractions were collected by puncturing the 
bottom of the tube and were dialyzed against 0.05 M potassium 
phosphate buffer, p H  7.5,. and analyzed for protein and for 
phosphodiesterase activity. Phosphodiesterase assays were 
carried out at 15 substrate concentrations covering the range 
from 3 X to 8 X 10-8 M to allow for the calculation of the 
relative proportion of activity attributable to either form of the 
enzyme. The percentage of the total activity present as Form II  
was calculated after the method of Cleland (138); (u) is 
expressed in +mwlet3 hydrolyzed/0.6 ml/10 min at 30°. 


based on the use of labeled cyclic nucleotides as sub- 
strates. The noncyclic nucleotides formed by the ac- 
tion of the enzyme are converted into nucleosides by 
the addition of a nucleotidase (crude snake venom). 
These nucleosides are then separated and counted as 
a measure of phosphodiesterase activity (59, 93, 94). 
These methods are precise and sensitive enough to 
allow measurement of the enzyme activity at very low 
substrate concentrations similar to those encoun- 
tered in uiuo. They suffer, however, from the disad- 
vantage of high blank values. Chromatography on 
more selective ion-exchange resins produces better 
separation of the labeled nucleosides, improving their 
recovery and allowing increased sensitivity and lower 
blank values (95,96). 


Histological assays have also been described for 
the study of phosphodiesterase (97), as have methods 
for the localization of the enzyme in tissues (98,99). 


Different Forms of Phosphodiesterase-Mul- 
tiple forms of phosphodiesterase have been shown to 
exist under a wide variety of conditions and from a 
large number of sources (47, 55, 100-111). These 
forms appear to differ mainly in their substrate af- 
finities (65, 92, 102, 112-119), heat and cation sensi- 
tivities (14, 101, 120-124), substrate specificities (59, 
101, 125, 126), chromatographic and electrophoretic 
mobilities (102, log), subcellular localization (20, 21, 
59, 127), and, possibly, function (20, 128). The pres- 
ence of multiple forms of the enzyme may explain its 
frequently anomalous kinetic behavior. It also allows 
for speculation as to the mode and manner in which 
these forms may be involved in the moment-to-mo- 
ment control of phosphodiesterase activity and, con- 
sequently, the moment-to-moment control of the 
basal cyclic nucleotide levels. 


The separation of the different forms of the en- 
zyme has been accomplished by various methods (66, 
102, 106,129,130). Sucrose gradient fractionation ap- 
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pears to  represent the simplest, most gentle, and con- 
venient method for the crude separation of the differ- 
ent forms (79, 115). An example of the use of this 
method on platelet homogenates is shown in Fig. 1. 
Other methods may produce slightly “cleaner” frac- 
tions but generally do not improve the resolution sig- 
nificantly (115, 129). 


Different Forms in Same Cell Line -Most investi- 
gators in this area agree that two main forms of the 
enzyme appear to exist in any homologous tissue 
preparation, multiple forms possibly being an artifact 
of the heterogeneity of the tissues used (119, 131). A 
case in point is the work of Uzunov and Weiss (106, 
132) who found at least six forms of the enzyme in rat 
brain. However, when homologous preparations of 
rat astrocytoma cells were examined, only two forms 
were found (133). 


The two forms differ in a number of aspects but 
primarily in their affinity for the substrates. Since 
there are two naturally occurring substrates for these 
enzymes, cyclic adenosine-3’,5’-monophosphate (cy- 
clic AMP) and cyclic guanosine-3’,5’-monophosphate 
(cyclic GMP), two forms of the enzyme may exist for 
each substrate. Some tissues, however, appear to con- 
tain one form of the enzyme with a definite substrate 
specificity (134-137). For example, human blood 
platelets and rat brain seem to contain only one cy- 
clic GMP phosphodiesterase (88,115) (Fig. 2). 


The resolution of the two forms is best achieved by 
kinetic analysis (81, 111, 129) a t  a wide range of sub- 
strate concentrations, particularly if coupled by 
physical separation. Table I summarizes the kinetic 
parameters of the enzyme forms present in a number 
of tissues obtained by kinetic analysis combined with 
chromatography’ (129). The methods used are quite 
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simple and can easily detect the presence of the two 
forms of the enzyme. 


The presence of multiple forms of the enzymes 
stimulated speculation as to  which, if either, of the 
two forms is more important in the control of the in- 
tracellular cyclic nucleotide levels. Since the intracel- 
lular levels of the cyclic nucleotides are in the micro- 
molar range or lower (21, 1391, the low K m ,  high af- 
finity phosphodiesterase (Form 11) is favored for this 
role. In most tissues, Form I1 has a K,,, value close to 


M (4, 88), at  least two orders of magnitude 
lower than that of the high K,, low affinity Form I 
(3). 


Only recently has the importance of Form I1 in the 
control of intracellular cyclic nucleotide levels in in- 
tact cells become more apparent (140). In tissues 
from a variety of hypertensive rats, the intracellular 
levels of cyclic nucleotides are inversely correlated 
with the Form I1 activity present (141-143). No such 
correlation existed with Form I activity, which was 
also measured in these same studies. The role, if any, 
played by Form I is open to question; studies utiliz- 
ing high substrate concentrations that would prefera- 
bly measure Form I activity are of questionable sig- 
nificance. At the present time, studies utilizing low 
substrate concentrations, in the micromolar range, 
that would preferentially reflect Form I1 activity ap- 
pear to be more valuable because they may reflect 
the activity of the enzyme most probably involved in 
the in v i m  control of intracellular cyclic nucleotide 
levels. 


The significance of the presence of two main en- 
zymes with two widely varying affinities for the hy- 
drolysis of either cyclic nucleotide is not entirely 
clear. There are indications that the two forms are in- 
terconvertible. This makes it possible to speculate 
that the two dimorphs of phosphodiesterase could 
provide adequate means of controlling phosphodies- 







Table I-Cyclic AMP and Cyclic GMP Phosphodiesterases from a Number of Tissueso 


Total V, 
cA MP 


K,b Values, M Kmb Values, M ____ 
Total V," 


Tissue I I1 vmc % VJId I I1 VmC % V,IId cGMP 


Humanblood 6 . 1  x 10-4 3 . 2  X 10-6 0 .025  4 . 2  1 . 6  x 10-5 0 .009  - 2 . 8 4  


Cyclic AMP (CAMP) Cyclic GMP (cGMP) 


platelets" 


(sediment) 


(supernate) 


(sediment) 


(supernate) 


mucosa 


Monkey brain 1 . 7  x 10 - 2  1 . 7  X 10 -5  0.081 3 0 . 3  1 . 4  x 10-4 0 .019  - 4 :20 


Monkey brain 3 . 0  x 10-4 0 .282  - 3 . 2  x 10-4 0 .478  - 0 . 5 9  


Rabbit brain 6 . 6  x 10-3 5 . 6  x 0.130 2 1 . 1  1 . 7  X 3 . 7  X 0 . 0 7 3  1 9 . 4  1 . 7 8  


Rabbit brain 1 . 9  X 9 . 8  X 0.390 8 . 7  6 . 6  X 2 . 9  X 0.122 7 . 8  3 . 2 0  


Rabbitfundic 4 . 7  X 1 . 2  X 10-6 0.139 1 4 . 3  2 . 7  X 10-4 5 . 4  X 10-7 0.185 1 3 . 7  0 . 7 5  


Rabbitgallbladder 4 . 0  X 6 . 0  X 10-6 0 .059  1 4 . 6  4 . 0  X 3 . 0  X 10-7 0 .028  1 2 . 6  2 . 1 0  
Rabbit heart 1 . 7  X l o -?  4 . 1  X 0.104 1 3 . 0  2 . 0  X 3 . 3  X 0.023 2 1 . 4  4 . 4 7  
Rabbit intestines 5 . 9  X 1 . 0  X 0.048 2 6 . 6  4 . 6  X 3 . 4  X 10-6 0 .137  4 . 5  0 . 3 5  
Rabbitkidneys 5 . 1  x 10-4 5 . 5  X 10-6 0 .456  5 . 7  2 . 2  X 10-3 2 . 0  x 10-5 0 . 3 2 8  5 . 9  1 . 3 9  
Rabbit liver 6 . 9  x 10-5 4.0 x 10-7 0.358 3 . 1  7 . 2  x 10-5 4 . 0  x 10-6 0.416 1 9 . 5  0 . 8 6  
Rabbitpyloric 2 . 7  x 10-3 8 . 7  X 10-6 0.117 2 4 . 3  1 . 1  X 1 . 2  X 10-6 0.041 1 7 . 2  2 . 8 5  


mucosa 


Q Cyclic AMP and cyclic GMP phosphodiesterase activities were determined (102) in 4000 Xg supernates at 15 substrate concentrations (129). The incubation 
mixture contained aH-cyclic AMP or aH-cyclic GMP (2 X 10-1L2 X 10-6 mole), 0.9 amole MgSO4, and 25 pmoles tromethamine buffer at pH 7.5 in a total 
volume of 0.5 ml. 6 Michaelis-Menten constant. C Enzyme maximal velocity = pmoles hydrolyzed/30 min at 30°/20 mg wet tissue. d Percent of total V,, as 
Form 11, calculated as described by Cleland (138). 6 10,MX)Xg supernateof platelet homogenatea was used. Platelets from 6 . 3  ml of blood were used per assay. 


terase activity in uiuo. Form I may represent a large 
store of the enzyme which is quickly convertible to 
the higher affinity Form I1 when the need arises. It 
may also serve the function of handling sudden sur- 
ges of cyclic nucleotide concentrations (114). Form I1 
would be the form normally concerned with the con- 
trol of the in viuo cyclic nucleotide levels. 


Most of the reported phosphodiesterase activity in 
different tissues was determined at  relatively high 
substrate concentrations and would, under most ex- 
perimental conditions, represent the form that is 
probably less important in uivo (Form I). This led to 
the somewhat misleading conclusion that phosphodi- 
esterase activity may be 100 times the adenylyl cy- 
clase activity in some tissues (52, 139, 144-147). 


In a number of studies, the particulate nature of 
Form I1 was clearly stressed (12, 32, 79-81, 85, 98, 
115, 148-156). Its presence on the external surface of 
cells has been well documented (156-158). This, in 
combination with its apparent calcium and hormonal 
sensitivity (140, 156, 159-161), supports the possible 
role of Form I1 as a hormonal receptor. The effects of 
calcium ions on phosphodiesterase activity from rab- 
bit liver are shown in Fig. 3. As can be seen, no effect 
of calcium ions on Form I activity is observed in con- 
trast to the large stimulatory effect on Form I1 activi- 
ty. There are some reports, however, of an inhibitory 
effect of calcium ions on phosphodiesterase activity 
in certain tissues (119, 162). 


The presence of soluble and particulate forms of 
phosphodiesterase should lead to a reconsideration of 
the role of the enzyme in the control of cyclic nucleo- 
tide levels. The occurrence of soluble and particulate 
forms of the same enzyme differing in kinetic param- 
eters is not unknown. For example, malate dehydro- 
genase occurs in both soluble and particulate forms 
in Neurospora (163). It could be hypothesized that 
the active form of phosphodiesterase is membrane 


bound and in equilibrium with a soluble, low affinity 
form. Association or dissociation from the mem- 
branes would represent activation or inactivation of 
the enzymes, respectively. The membranous site for 
the attachment of the enzyme could the0 represent a 
receptor site for the action of ligands affecting intra- 
cellular cyclic nucleotide levels by activating or inac- 
tivating phosphodiesterase. More gentle methods for 
the preparation and assay of phosphodiesterase 
should be used to avoid the transfer of activity to the 
soluble fraction and the consequent obliteration of 
induced effects. Some recent studies with insulin 
support this mechanism (156,164,165). 


The structural relationships between the two main 
forms of the enzyme are far from clear. Studies on 
the molecular structure of the two forms must await 
further purification of the different phosphodies- 
terases. Furthermore, it is not completely settled 
whether cyclic AMP hydrolysis is carried out by the 
same set of enzymes that also catalyzes the hydroly- 
sis of other cyclic nucleotides. There are some indica- 
tions in certain tissues that one of the two forms of 
the enzyme may be an artifact of the isolation proce- 
dures employed (126,149,166). 


The importance of the two forms of the enzyme is 
underlined by the apparent absence of one form in 
human glial cell tumor (167) and in transformed cells 
(168). 


From the point of view of drug development, the 
sensitivities of the two forms of phosphodiesterases 
to activators or inhibitors appear to be different (120, 
135, 169-173). This is a very important point, since i t  
is doubtful that agents acting on only the high K ,  
forms of the enzymes would be useful. It appears that 
screening compounds for possible activity against 
phosphodiesterases should stress the importance of 
the low K ,  forms, since these are likely to be the 
more critical. An impressive example of drug selectiv- 
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Figure 3-Eadie plots for the effects of Ca+= on the activity 
of cyclic A M P  phosphodiesterase in rabbit liver. A represents 
the results obtained at low substrate concentrations (Form I I )  
and B represents the results mbtained at high substrate levels 
(Form I ) .  


ity for the low K ,  phosphodiesterase is that of aden- 
osine on the enzymes from human blood platelets. As 
can be seen in Fig. 4, adenosine inhibited the Form I1 
activity with no effect on the Form I activity present 
in the platelet homogenates (174). 


Different Forms in Different Cell Lines -One 
prime requirement in drug development is the tissue 
specificity of the drug in question. The differences 
between the phosphodiesterases from different 
tissues appear to be large enough to support the use 
of this enzyme as a target for the development of new 
drugs (55, 122, 175-180). There appear to be both 
structural and kinetic differences between the phos- 
phodiesterases isolated from different tissues (121). 
These differences are reflected in the differential 
sensitivities to drugs of the enzymes from different 
sources (122, 157, 172, 174, 175, 177, 178, 181-193) 


Table 11-Inhibitor Constants (K;)  of Theophylline on 
Form I1 Activity from Guinea Pig Lung and Stomach 
Using Cyclic AMP or Cyclic GMP as Substrates" 


K i b  


Substrate Lung Stomach 


Cyclic AMP 4 x 10-4 4 x 10-4 
Cyclic GMP 2 x 10-3 1.3 x 10-4 


a Assayed according to Thompson and Appleman (102) at substrate con- 
centrations of 1 and 2 pM and six drug concentrations. b Molar, determined 
as described in Ref. 211. 


and even from neighboring areas of the brain (194). 
Therefore, testing the responses of phosphodiesteras- 
es from different tissues may provide preliminary 
clues to the possible tissue selectivity of the drug in 
question. 


Cyclic GMP versus Cyclic AMP Phosphodies- 
terases -Although several pyrimidine and purine 
cyclic nucleotides are hydrolyzed by different tissue 
preparations (3,55, 72,117, 125,195,196), the signifi- 
cance of this observation is unclear since only two cy- 
clic nucleotides appear to occur in nature, cyclic 
AMP and cyclic GMP, both of which are purines. 
The hydrolysis of the two naturally occurring cyclic 
nucleotides was thought at  one time to be catalyzed 
by the same set of enzymes (197). Present evidence, 
however, points to the possible existence of two dif- 
ferent sets of enzymes with widely different affinities 
for the two naturally occurring cyclic nucleotides (85, 
126, 130,160,198,199). 


Recent studies seem to emphasize the differences 
between cyclic AMP and cyclic GMP phosphodies- 
terases in subcellular localization, cation require- 
ments (1661, and Iresponse-to drugs (177, 181, 200- 
202). Since the two naturally occurring cyclic nucleo- 
tides appear to mediate different, if not antagonistic, 
events in many systems (203-218), it i s  of paramount 
importance to recognize the functionally different 
natures of cyclic AMP and cyclic GMP phosphodies- 
terases. The selective effects of drugs on these en- 
zymes will greatly determine their biological effects 
on the tissues examined. This is exemplified by the 
effects of theophylline on phosphodiesterase prepa- 
rations from the guinea pig stomach and lung, using 
each cyclic nucleodtide as a substrate (Table 11). 
Theophylline shows greater selectivity for cyclic 
AMP phosphodiesterase than for cyclic GMP phos- 
phodiesterase in the lung than in the stomach. This 
may at  least partially explain the effects of theophyl- 
line in the two tissues. 


Not only do the selective effects of a drug on cyclic 
AMP and cyclic GMP phosphodiesterases vary from 
tissue to tissue but also the effects in the same tissue 
vary with different drugs (177,181,212-215). The ef- 
fects of the three phosphodiesterase inhibitors, theo- 
phylline, papaverine, and glycyrrhetinic acid, on the 
enzymes from the fundic mucosa of three species 
(Table 111) serve to illustrate the latter point. Greater 
selectivity for cyclic AMP phosphodiesterase is corre- 
lated with greater inhibitory effect on gastric acid se- 
cretion. The three compounds have profoundly dif- 
ferent selectivities for the specific phosphodiesteras- 
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Figure 4-Eadie plots for the effects of adenosine (10-4 M) on phosphodiesterase activity from human blood platelet membrane- 
supplemented whole homogenates. Note the selective inhibition by adenosine on Form 11 while no effect is evident on Form I (1  74).  


es and produce different effects on the output of the 
system (204,212). 


The realization of the possible importance of sub- 
strate selectivity in the use of phosphodiesterases as 
targets for the development of new drugs is quite re- 
cent. Little screening work has been reported where 
different substrates for the enzymes were used. This 
matter will probably attract more and more atten- 
tion. 


One important point to stress in this respect is the 
ability of each naturally occurring cyclic nucleotide 
to influence the rate of hydrolysis of the other (112, 
130, 140, 167, 186, 188, 214-218). Thus, compounds 
selectively affecting the specific phosphodiesterase 
for either nucleotide will have indirect effects on the 
activity of the other. This is complicated by the abili- 
ty of either cyclic nucleotide to both stimulate and 
inhibit the rate of hydrolysis of the other, depending 
on its concentration. This may provide an explana- 
tion for the nonconforming effects of exogenously ap- 
plied cyclic nucleotides in some systems, as in the 
stimulatory effects of cyclic AMP on the contraction 
of some smooth muscles (219). I t  also may explain 


the antagonistic effects of some drugs on the levels of 
the two cyclic nucleotides (218). 


A model enzyme system composed of specific sub- 
units with affinity for cyclic AMP and others for cy- 
clic GMP has been proposed (4, 215). It is quite ap- 
parent that cyclic GMP may be involved as an in uiuo 
regulator of phosphodiesterase activity (130, 216). 
The greater sensitivity of the cyclic GMP phosphodi- 
esterase to calcium ions (101) strongly emphasizes 
this possibly important role. 


In general, there ?s greater affinity of phosphodi- 
esterases for cyclic GMP (136, 141, 214, 215) than for 
cyclic AMP. This may be related to the generally 
lower in viuo concentrations of cyclic GMP. 


The previously unsuspected selectivity of phospho- 
diesterase inhibitors for either cyclic AMP or cyclic 
GMP enzymes may provide an explanation for the 
anomalous behavior of some of these compounds in 
uiuo. For example, papaverine, although far more po- 
tent than theophylline as an inhibitor of cyclic AMP 
phosphodiesterase, is less potent than expected in 
elevating plasma free fatty acids and blood glucose 
(220). 


Vol. 64, No. 1, January 1975 / 7 







Table III-Selectivity of Theophylline, Papaverine Hydrochloride, and Glycyrrhetinic Acid for Low K ,  Cyclic AMP and 
Cyclic GMP Phosphodiesterase from the Fundic Mucosa of Three Species (210) and Their Effects on Acid Secretiona 


Dog Rat  Rabbit 


Substrate Substrate Substrate 
Effect on 


Substrate AMP GMP G/Ab AMP GMP G/Ab AMP GMP G/Ab Secretion 
Cyclic Cyclic Cyclic Cyclic Cyclic Cyclic Gastric Acid 


~~~~~~~~ ~ 


Inhibitor Cons tan t s  (K,),  Molarc 
Theophylline 50 26 0 . 5  38 17 0 . 5  44 17 0 . 4  Potentiates 
Papaverine 2 2 . 6  1 . 3  2 . 5  2 . 8  1 . 1  2 . 5  3 1 . 2  No effect 
Glycyrrhetinic 7 13 1 . 9  4 . 0  10 2 . 5  7 . 5  15 2 . 0  Inhibits 


acid 


Enzyme activity was determined by a radioactive assay technique (102). b G/A = Ki(cyc1ic GMP as substrate)M/Ki(cyclic AMP as substrate)M; higher 
numbers indicate greater selectivity for cyclic AMP phosphodiesterase. C X 10-.5. Determined by the method in Ref. 211 at two substrate (0.8 and 1 X 10-6 M 
cyclic AMP and 1 and 2 x 10-6 M cyclic GMP) and six drug concentrations bracketing the K i  value. 


Interconvertibility of Phosphodiesterases -As 
mentioned earlier, there is some support for the pos- 
sible interconvertibility of the two main forms of 
phosphodiesterase (79, 129, 198, 221). A measure of 
the change in the proportion of either form of the en- 
zyme present in a particular experimental situation 
can provide an estimate of the effects of different 
agents on the interconvertibility of the two forms. 
The results with some prostaglandins, epinephrine, 
and aspirin are shown in Table IV. Although the ef- 
fects are small, they point to a possible mechanism 
for the control of phosphodiesterase activity. Final 
confirmation of this mechanism must await further 
purification of the enzymes. 


Two apparently interconvertible forms of the en- 
zyme were isolated from cellular slime molds (157). 
The importance of sulfhydryl groups for the inter- 
conversion is apparent in this system, as evidenced 
by the effects of dithiothreitol. However, the latter 
compound has little effect in mammalian systems 
(222). 


Natural  Intracellular Activators and Inhibi- 
tors-Protein activators for phosphodiesterase were 
isolated from a number of tissues (84, 107, 159, 161, 
222-229). These activators appear to mediate the 
stimulatory effects of calcium ions on the enzyme ac- 
tivity from the brain and may prove quite important 
as natural regulators of the enzyme activity in that 
tissue. Natural protein inhibitors for phosphodiester- 
ase have also been described (228, 230, 231) and in 
some systems may have other functions (232). 


A heat-stable, nondialyzable phosphodiesterase in- 
hibitor was also isolated from soybeans (73) and 
Table IV-Effects of Compounds on the Percent Form I1 
Activity in Membrane-Supplemented Whole Homogenate 
of Human Blood Platelets" 


Drug 
Drug 


Concentration 
Form 
11, % 


- Control 7 . 1  
Epinephrine M 1 4 . 3  


:nirin 10-5 M 3 8  
1 . 4  x M 
2 x 10-4 M 


2.0 
5 . 5  


PGE; 2 x 10-4 M 7 . 0  


(1 Phosphodiesterase activity was determined as described for Table I. 
The percent Form I1 was calculated uia the use of a computer program de- 
veloped after the treatmenta of Cleland (138). The assays were done as 
described for Table I. 


slime mold (233), and an activator was isolated from 
the latter (100). The possible physiological role, if 
any, of these natural activators or inhibitors in the 
control of the enzyme activity has not been estab- 
lished, Whether interference with the effects of these 
activators or inhibitors can present a mechanism for 
possible drug effects on phosphodiesterase remains 
to be seen. Also it is not clear whether these activa- 
tors or inhibitors are collectively similar or different 
(234). 


ATP, pyrophosphate (235), adenosine (71,174), ci- 
trate, isocitrate, pyruvate, oxalate, malate, and tar- 
trate (67) were reported to inhibit the enzyme activi- 
ty. The possible role of any or all of these intermedi- 
ates in the control of phosphodiesterase activity in 
vivo remains to be determined. 


Cyclic nucleotides appear to activate (236) and to 
control the rate of synthesis of phosphodiesterase 
(168, 237-239). Evidence primarily from tissue cul- 
tures and bacteria strongly support a role for cyclic 
AMP in the control of phosphodiesterase synthesis, 
probably via cyclic nucleotide-dependent protein ki- 
nase (240). 


Effects of Hormones on Phosphodiesterase- 
Several hormones, including insulin (79, 151, 154, 
156, 164, 165, 241, 242) (for review, see 3 and 4), 
ACTH (243), growth hormone (79), cholecystokinin 
and gastrin (129, 244-246), aldosterone (96), hista- 
mine (32,247-249), epinephrine (133,250-253), pros- 
taglandins (110), corticoids (117, 154, 254-256), thy- 
roxine (117, 254, 257), and plant cytokinesins (258) 
have been reported to affect phosphodiesterase ac- 
tivities in their target tissues. In most of these situa- 
tions, the forms of the enzyme affected consistently 
appear to be the low K,, high affinity forms. These 
effects tend to bolster the possible hormonal receptor 
function of phosphodiesterase, particularly its low 
K ,  forms. 


In none of these situations, however, has the im- 
portance of phosphodiesterase effects been unequivo- 
cally established in the mechanisms of action of these 
hormones. It is not clear whether the effects observed 
on phosphodiesterase are primary or secondary ef- 
fects of the hormones studied, since similar effects 
are produced by cyclic GMP (112,259) or its hydroly- 
sis product (222), high salt solutions (260), and, pos- 
sibly, lipids (261). It  is not clear whether these hor- 


8 /Journal of Pharmaceutical Sciences 







monal effects could lend themselves to modulation 
via the use of drugs. However, these effects remain 
potentially important. 


Diseases Associated with Altered Phosphodies- 
terase Levels-In some situations, as in hyperten- 
sion (141-143), hepatomas (262), diabetes (263), and 
obesity (263), increased activity of the low K,, high 
affinity phosphodiesterase may be an important part 
of the etiology of the disease state, although this may 
not always be the case (20, 264). In these conditions, 
the use of appropriate phosphodiesterase inhibitors 
could alleviate the deficiency in intracellular cyclic 
AMP’by the most desired mechanism for any drug, 
namely, by correcting the basic biological defect. On 
the other hand, there is also evidence for decreased 
phosphodiesterase activity in diabetes (137, 165, 265, 
266) and hepatomas (267). 


In some diseases, the lowered cyclic AMP levels are 
associated with decreased sensitivity of adenylyl cy- 
clase to stimulation. The most feasible approach to  
correct the cyclic AMP deficiency under these cir- 
cumstances is the inhibition of phosphodiesterase. 
Examples of these conditions are hypertension 
(141-143, 268), asthma (269), psoriasis (270), and, 
possibly, cancer (271,272). 


Phosphodiesterase Inhibition, Cyclic Nucleo- 
tide Accumulation, and Pharmacological Ef- 
fects-Many compounds thought to act via phos- 
phodiesterase inhibition and the consequent cyclic 
nucleotide accumulation are “uncomfortably” weak 
inhibitors of the enzyme, with Ki values often in the 
millimolar range. In most of these situations, it is 
doubtful that the compound could attain the high 
concentrations needed i n  uiuo. Often, insignificant or 
only marginal in uiuo phosphodiesterase inhibition 
can be demonstrated; yet some accumulation of the 
cyclic nucleotides.may occur (93,273,274). The latter 
may become evident only if accompanied with cy- 
cIase stimulation. 


A popular example of this is theophylline, a weak 
phosphodiesterase inhibitor with a Ki value of about 
1 mmole or greater in most systems. It is doubtful 
that it reaches this high concentration in uiuo when 
administered in the usual doses. No in uiuo phospho- 
diesterase inhibition by theophylline can be demon- 
strated in most systems, yet theophylline by itself 
sometimes produces small elevations of cyclic nucleo- 
tide tissue levels when administered in uiuo. It  is 
widely believed, however, that phosphodiesterase in- 
hibition and the consequent cyclic nucleotide eleva- 
tions represent the main mechanism for its effects. 
The potentiation of hormonal effects by theophylline 
is one main criterion required to determine the possi- 
ble mediator role of cyclic nucleotides in the mecha- 
nism of action of the hormones (275,276). 


Most phosphodiesterase inhibitors, including the 
more active ones, cause only small accumulations of 
cyclic nucleotides when compared with the amounts 
generally produced via adenylyl or guanylyl cyclase 
stimulation. In many systems, a small cyclic nucleo- 
tide elevation is all that is needed for maximal stimu- 
lation of the physiological response (274). It is not 


clear what role, if any, the extremely high cyclic nu- 
cleotide levels, which are sometimes produced via cy- 
clase stimulation, play in the physiological effect, 
since, in most instances, the effect is usually essen- 
tially complete at much lower intracellular levels of 
the cyclic nucleotides (277). 


It should always be remembered that phosphodies- 
terase inhibition may represent only one of several 
effects that phosphodiesterase inhibitors can pro- 
duce. These other effects may be totally independent 
of the cyclic nucleotide system and may, in certain 
instances, be responsible for the major portion of the 
activity of these agents. The other effects of the 
methylxanthines are clearly summarized (213, 274, 
278) and could serve as an example of other re- 
sponses that can be produced by phosphodiesterase 
inhibitors, apparently unrelated to their effects on 
cyclic nucleotide metabolism. 


Other properties of drugs may play a role in deter- 
mining their effects on cellular biochemical events, 
e.g., the ability of the drug to reach the enzyme. 
Membrane permeability may have been important in 
the case of a xanthine derivative, where striking dif- 
ferences between its ex uiuo and in uitro potency on 
phosphodiesterase were demonstrated (191). 


ACTIVATORS AND INHIBITORS: STRUCTURE- 
ACTIVITY ’ RELATIONSHIPS 


In this section, the structure-activity relationships 
of compounds that have been reported to affect phos- 
phodiesterase activity will be discussed. Since most 
of the reported studies utilized cyclic AMP as the 
substrate, the activities measured were those of cyclic 
AMP phosphodiesterases. Not every reported com- 
pound is listed, but most entities that fall into com- 
mon structural (preferably) or utility classes are in- 
cluded. Several miscellaneous structures may be 
found in the references cited. The two main objec- 
tives were: (a) to determine the structural features or 
groups that are common among compounds showing 
activity on phosphodiesterases, and (b) to determine 
the extent to which variation of structural moieties 
has allowed improved potency andlor selectivity. 


Discussion of this section is complicated by the he- 
terogeneity of the enzyme preparations used, the 
wide variations in the assay conditions, the different 
levels of substrate employed, making it difficult to 
determine what form of the enzyme was assayed, and 
the different methods used in determining the poten- 
cy of the agents employed. 


To present a uniform discussion of the results, it  
was essential to unify the method of presentation. 
Those studies employing a substrate concentration of 


M or less were assumed to measure Form I1 (low 
K , )  activity, while those at  higher substrate levels 
were assumed to estimate Form I (high K,) activity. 
The enzyme source was mentioned whenever practi- 
cal. 


For quantification of the results, five terms were 
employed in the following order of preference when- 
ever possible: 


a. Inhibitor constant (Kb, in micromoles per liter. 
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b. Inhibitor concentration50 (Is"), in micromoles 
per liter. 


c. Percent inhibition (100 minus percent of con- 
trol). 


d. Potency relative to theljphylline (based on K,  
or 150 values) if the latter was employed as a standard 
in the same syst,em. 


e. Potency relative to papaverine (based on K,  or 
150 values) if the latter was employed as a standard in 
the same system. 


In the absence of either Ki or 150 values, no accu- 
rate relative potency could be determined. Therefore, 
the following four additional terms were used to give 
a rough estimate of potency whenever possible: 


f. The compound produced greater percent inhibi- 
tion than theophylline in the same system. 


g. The compound produced less percent inhibition 
than theophylline in the same system. 


h. The compound produced greater percent inhi- 
bition than papaverine in the same system. 


i. The compound produced less percent inhibition 
than papaverine in the same system. 


These letters were used as superscripts throughout 
the tables to qualify the potency values reported. In 
some instances, more than one superscript was used 
to provide more adequate information on the activity 
of the compound in question. Although 150 and Ki 
values are often similar, they are not necessarily 
identical, particularly with competitive inhibitors 
(279,280), and were listed separately. 


Activators-Compounds reported to stimulate 
phosphodiesterase are not as numerous as those that 
appeared to inhibit it. Since the most common abnor- 
malities in cyclic nucleotide metabolism usually re- 
sult in lower levels of these important mediators, in- 
hibition of their degradation is the more desirable 
therapeutic target. Nevertheless, activators are of in- 
terest in diseases associated with elevated cyclic nu- 
cleotide levels, e.g., cyclic AMP in diabetes (263, 281, 
282), cholera (283), alcoholism (284), and mania (285) 
and cyclic GMP in psoriasis (286) and hypertension 
(287). 


Several compounds of widely different structures 
were reported to activate phosphodiesterase from a 
variety of tissues (Table V). These activators include 
nitroglycerin and papaverine, which also inhibit the 
insoluble enzyme in rabbit colon homogenate, and 
hydralazine, which inhibits the enzyme activity in 
bovine mesenteric artery (289). However, the effects 
of these compounds on phosphodiesterase could be 
indirect. In most systems, crude preparations of the 
enzyme were used and effects on cyclic GMP synthe- 
sis and/or metabolism cannot be ruled out. Cyclic 
GMP has repeatedly been shown to have significant 
effects on cyclic AMP phosphodiesterase activity (66, 
85, 111, 112, 188,214,222, 259). 


Imidazole (70, 111, 129, 230, 288, 290, 291) is most 
frequently quoted as a stimulator of phosphodiester- 
ase, although high concentrations are generally need- 
ed. It has been shown to have no effect on some phos- 
phodiesterase systems (74, 215), to have negligible ef- 
fects on rat brain phosphodiesterase (288), and possi- 
bly to even inhibit at concentrations of 10-50 mM 


Table V-Activators of Phosphodiesterase 


Name Enzyme Source Reference 


Acetamide 
L-Arginine 
L-Aspartic acid 
Catecholamines 
Cyclic GMP 


C ysteine 
Dithiothreitol 
Gastrin and related 


peptides 
Glutathione 
Glycine 


Histamine analogs 
and metabolites 


Hydralazine 
Imidazole 


5'-GMP 


Insulin 
Lipids 
Nicotine 
Nicotinic acid 
Nitroglycerin 
Papaverine 


Phenylalanine 
Propylthiouracil 
Protein activators 


Quinine 
Strychnine 
Thioacetamide 
Thiourea 
Urea 
Others 


D. discoideum 
Mouse brain 
Mouse brain 
Rat adrenal 
Rat thymic lymphocytes 
Rat liver 
Alaska pea seedlings 
Alaska pea seedlings 
Rabbit tissues (misc.) 


D. discoideum 
Mouse brain 
Beef heart 
Rat brain 
Bullfrog gastric mucosa 
Bovine artery 
Mouse pancreatic islet 
Guinea pig heart 
Alaska pea seedlings 
Rat brain 
Bovine brain 
Rat heart 
Rat liver 
Rat brain 
Bovine tongue epithelium 
Adipose tissue 
Rabbit colon cytoplasm 
Rabbit colon cytoplasm 
Cat cerebral cortex 
Bovine tongue epithelium 
D.  discoideum 
Rat brain 
Bovine brain 
Bovine heart 
Porcine brain 
Human brain 
Several rat tissues 
Bovine brain cerebra 
Rat cerebellum 
Hamster islet cell tumor 
Bovine tongue epithelium 
Bovine tongue epithelium 
D.  discoideum 
D. discoideum 
Bovine tongue epithelium 
Adipose tissue 
Rat mast cells 


10 
186 
186 
251 
112 
85 
74 
74 


129 


12 
186 
222 
288 
217 
289 
111 
290 
74 


288 
70 


291 
151 
261 


17 
292 
289 
289 
191 


17 
10 


227 
234 
84 
84 
84 


234 
223 
106 
107 
17 
17 
10 
10 
17 


292 
293 


(215). Its stimulating effects appear to depend on the 
presence of Mn+2 (70). 


A number of sulfhydryl compounds significantly 
stimulate phosphodiesterase from a variety of 
sources. This fact led to the speculation that free 
sulfhydryl groups are essential for phosphodiesterase 
activity (3, 189). 


In view of the possible interconvertibility of the 
two forms of phosphodiesterase, as discussed pre- 
viously, the substrate concentrations used could sig- 
nificantly influence the effect produced by the com- 
pound studied. A compound that stimulates the hy- 
drolysis of low concentrations of cyclic AMP could 
act uia a shift of activity from Form I to Form 11. De- 
creased phosphodiesterase activity at high substrate 
concentrations would be expected; thus, the same 
compound could be described as both a stimulant 
and an inhibitor, depending on the substrate concen- 
tration used. Examples of this duality include chole- 
cystokinin, epinephrine, and cyclic GMP on cyclic 
AMP hydrolysis. This shift may underlie the obvious 
controversy concerning the effects of bitter taste 
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CH, baae 


Table VI-Cyclic Nucleotides of Natural Bases 
~ ~~~ 


Inhibitor Phospho- 
Concentration, diesterase 


Enzyme Source moles/liter Form Reference Name Base Potency* 


Cyclic GMP Guanine 47c 
22c 
1000 
18" 
40= 
1. Ob 
7OOb 
120s 


Cyclic IMP Hypoxanthine 1.8", 3 .  86, 34.2d 
24h, 9 .  6d 
6On, 80b, 3 .  Id  
226, 7.3d 
24a 
2.0b 
9406 
210" 


Cyclic CMP Cytosine 19c 
Inactive 
Inactive 


Cyclic UMP Uracil Inactive 
1600b 


Inactive 
Cyclic TMP Thymine 2000b 


Mouse pancreatic islets 
Pea seedlings 
Rat liver 
Frog erythrocytes 
Rat thymic lymphocytes 
Cat heart 
Rat brain 
Beef heart 
Beef heart 
Beef brain 
Rabbit lung 
Rabbit kidney 
Frog erythrocytes 
Cat heart 
Rat brain 
Beef heart 
Pea seedlings 
Cat heart 
Rat brain 
Rat brain 
Cat heart 
Cat heart 
Rat brain 


7 ' . 9  x 10-6 
1 x 10-4 
- 


1 x 10-4 


1 x 10-3 


- 
- 


- 
5 x 10-6 
- 
- 


1 x 10-3 
1 x 10-4 
- 


I1 111 
I1 74 
I1 85 
I 214 


I1 112 
I1 188 


I1 185 
I1 185 
I1 185 
I1 185 
I 66 


I1 188 
I1 188 
I 222 


I1 74 ~~ 


I1 188 
I1 188 
I1 188 
I1 188 
I1 188 
I1 188 


* Superscript italic letters refer to the t e r m  discussed under Activators and Inhibitors: Structure-Activity Relationships. 


principles on phosphodiesterase activity in the 
tongue epithelium (17,18). 


Inhibitors-Cyclic Nucleotide Derivatives -Al- 
though only two cyclic nucleotides are known to exist 
in nature, their universal and important effects have 
stimulated the synthesis of a large variety of cyclic 
phosphate derivatives of both natural and synthetic 
bases. Two basic biological targets are easily discern- 
ible behind this tremendous synthetic effort: (a) to 
produce compounds that could mimic the effects of 
the naturally occurring messengers on their target 
enzymes (cyclic nucleotide-dependent protein kinas- 
es) while resisting phosphodiesterase hydrolysis, and 
(6) to inhibit phosphodiesterase activity and thus 
raise the intracellular concentrations of the two natu- 
rally occurring cyclic nucleotides. Although other bi- 
ological targets should also be considered (l), only 
these two have been consistently pursued. 


Due to the extremely large number of compounds 
that have been studied for their effects on phospho- 
diesterase, only selected examples of inhibitor action 
will be presented here. Detailed lists of these com- 
pounds and their activities can be found elsewhere 
(177, 183,294-299). 


From a theoretical standpoint, the ability of cyclic 
nucleotide derivatives to act as substrates for phos- 
phodiesterase should reflect their ability to act as in- 
hibitors of the enzyme, since they will compete for 
the same site on the enzyme (60). However, this rela- 
tionship does not seem to hold true in a number of 
situations. On the other hand, structural require- 
ments for good phosphodiesterase inhibition in cyclic 
nucleotide derivatives appear to be generally similar 
to those needed to produce good activation of the cy- 
clic nucleotide protein kinases (183). The latter en- 


zymes are generally believed to translate changes in 
cyclic nucleotide levels into biochemical events by 
phosphorylating key enzymes and thus activating or 
inhibiting them (300). 


1. Cyclic nucleotides of natural bases: Perhaps the 
simplest group of cyclic AMP analogs includes those 
compounds in which the base moiety is not adenine 
but another biologically occurring purine or pyrimi- 
dine derivative (Table VI). The less familiar cyclic 
nucleotides and their respective bases are the fol- 
lowing: cyclic GMP, guanine; cyclic inosine mono- 
phosphate (cyclic IMP), hypoxanthine; cyclic cyti- 
dine monophosphate (cyclic CMP), cytosine; cyclic 
uridine monophosphate (cyclic UMP), uracil; and cy- 
clic thymidine monophosphate (cyclic TMP), thy- 
mine. The last two are often inactive or only weakly 
active as phosphodiesterase inhibitors compared to 
their biocongeners (66, 188). The potency of cyclic 
IMP is often found to be of the same magnitude as 
that of cyclic GMP (66, 188, 222); cyclic CMP is 
sometimes ineffective as an inhibitor (66, 188) but is 
nearly equal in potency to cyclic GMP as an inhibitor 
of Form I from pea seedlings (74). 


2. Cyclic nucleotides of synthetic bases: Several 
types of cyclic AMP analogs have been studied on 
phosphodiesterases from a variety of tissues (Table 
VII). Compounds of two series (Groups A and B) 
were generally more potent than theophylline on rab- 
bit lung and bovine heart Form I1 (184). Three other 
groups, including imidazole nucleotides (Group I), 
N1,N6  -ethenonucleotides (Group H), and substitut- 
ed inosine nucleotides (Group E), were more variable 
in their inhibitory potency (184). Data from a similar 
study (302) indicated relatively little variation in 150 
values within a series of 8-substituted analogs of cy- 
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Table VII-Cyclic Nucleotides of Synthetic Bases 


Inhibitor Phospho- 
Enzyme Concentration, diesterase 


Substitution Base Potency* Source moles/liter Form Reference 


x = o  
X = OCH, 


X = O C ~ H S  


X = OCH?C,H, 


X = CHa 


X = CH&sHj 
X = COC6H; 
X = COC3Hi-n 


X = OH 


x = OCH, 


X = OC?HS 


X = OCHzCsHj 


X = CONHCHI 
X = CONHCaHi-n 
X = CONHCcHj 
X = COOCzH5 
X = SH 


X = SCH, 


NH, 35h, 7.1d 
50b, 2.6d 
150b, 1 .7d 
90h, 1.4d 
456. 5.5d Groun .4 


T H X  


Group B 


Groul) C 


X = H  


X = CN 


X = CONH? 


X = H  


X = OH 


NH: 
I 


I 
I 
RcP 


Group D 


120b, 1 . I d  
35b, 7 1 Id 
80b, 1 .6d 
65h, 3 .8d 
80b, 1 .6d 


67c 
72c 
46h, 5 .4d 
1 ins _ _ _  
13b, 19.2d 
150h, 0 .87d 
100b. 2.5d 
80h, '1 .6d 
42h. 6 . 0 d  
6 8 6 :  i . G d  
190h, 1.3d 
240b, 0 .  54d 
260b. 0 .gd 
330h: 0 . 7 d  
160b; 1 .4d 
210b, l . l d  
540b 
3OOb 
20b 
1 2 9  
39b 
24h 
52b 
41b 
200b 
44b 
40b 
24h 
22b, 5.9d 
60h, 3.8d 
400b 
23h 
150h 
90b 
7OOb 
160h 
2300h 
3300h 
4400h 
27Ob 
Inactive 
Inactive 
600b 
130b 
67& 
16h 
52c 


20c 


200h 
2 2 b  


20h 
126 
2 . O h  
2.4b 
5 .Oh 
6 .7b 


80h. 3.1d 
3.8h,-34.2d 
330b, 0.76d 
830h, 0.16d 


Rabbit lung 
Bovine heart 
Rabbit lung 
Bovine heart 
Rabbit lung 
Bovine heart 
Rabbit lung 
Bovine heart 
Rabbit lung 
Bovine heart 


D .  discoideum 
D .  discoideum 
Rabbit lung 
Rabbit lung 
Rabbit lung 
Bovine heart 
Rabbit lung 
Bovine heart 
Rabbit lung 
Bovine heart 
Rabbit lung 
Bovine heart 
Rabbit lung 
Rabbit lung 
Rabbit lung 
Rabbit lung 
Rat  brain 
Cat heart 
Rabbit lung 
Rat  brain 
Cat heart 
Beef heart 
Rat  brain 
Cat heart 
Rat  brain 
Cat heart 
Rat  brain 
Cat heart 
Beef heart 
Rabbit lung 
Rat  brain 
Cat heart 
Rat  brain 
Cat heart 
Rat  brain 
Cat heart 
Rat  brain 
Cat heart 
Rat brain 
Cat heart 
Rat  brain 
Cat heart 
Rat  brain 
Cat heart 
Rat  brain 
Cat heart 
D .  discoideum 


D .  discoideum 


Rabbit lung 
Beef heart 


Beef heart 
Rabbit lung 
Beef heart 
Rabbit lung 
Beef heart 
Rabbit lung 


Rabbit lung 
Bovine heart 
Rabbit lung 
Bovine heart 


I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 


I 
I 


I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I 


I1 
I1 
I 


I1 
I1 
I1 
I1 
I1 
I1 
I 
I 


I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I1 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 


I1 
I1 
I1 
I1 


184 
184 
184 
184 
184 
184 
184 
184 
184 
184 


10 
10 


172 
301 
184 
184 
184 
184 
184 
184 
184 
184 
183 
183 
183 
183 
188 
188 
302 
188 
188 
302 
188 
188 
188 
188 
188 
188 
183 
183 
188 
188 
188 
188 
188 
188 
188 
188 
188 
188 
188 
188 
188 
188 
188 
188 
10 


10 


302 
302 


303 
303 
303 
303 
303 
303 


184 
184 
184 
184 


Group E 
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Table VII- (Continued) 


Substitution 


Inhibitor Phospho- 
Enzyme Concentration, diesterase 


Base Potency * Source moles/liter Form Reference 


X = NHCHzCeHs 


X = SCHzCsHE 
X = Br 


1 l C  D. discoideum 
28C D .  discoideum 
67b Rabbit lung 
13b Beef heart 


Group F 


19c D. discoideum 
32= D . disco ideum 
150b Rabbit lung 
48b Beef heart 


Group G 


X = H  


X = CsHa 


R = O  


R = S  


Group H 


R 


Group I 


280b, 0.9d Rabbit lung 
590b, 0 .22d Bovine heart 
160b, 1 .6d Rabbit lung 
73,  0 . W  Bovine heart 


lOOb, 2.5d Rabbit lung 
170b, 0 .76d Bovine heart 
80b,3.1d Rabbit lung 
60b, 2.2d Bovine heart 


2 x 10-4 
2 x 10-4 - 
- 


2 x 10-4 
2 x 10-4 - 
- 


I 10 
I 10 
I 302 
I 302 


I1 184 
I1 184 
I1 184 
I1 184 


I1 184 
I1 184 
I1 184 
I1 184 


* See footnote to Table VI. t RcP = &D-ribofuranosyl cyclic 3,5-phosphate. 


clic AMP (Group C), with the possible exception of 
8-p -chlorophenylthio cyclic AMP which showed con- 
siderable selectivity for beef heart over rabbit lung 
enzyme. 


Other workers (188), examining a series of cyclic 
AMP derivatives with substituents in the 8-position 
(Group C), showed that 8-bromo and 8-benzylthio 
cyclic AMP were the most potent inhibitors of the se- 
ries on cat heart and rat brain Form 11, respectively. 


The former enzyme appeared more sensitive to inhi- 
bition. 


In a study on Dictyostelium discoideum Form I 
(10) (Groups B and C), the 8-substituted cyclic AMP 
derivatives were somewhat less potent inhibitors 
than the 6-substituted amino congeners. This effect 
was attributed to a greater steric hindrance for bind- 
ing of the 8-substituted compounds, although neither 
N6-  nor 8-substitution profoundly affected the rate 


Table VIII-Variations in the Sugar-Phosphate Moiety of Cyclic Nucleotides 


Inhibitor Phospho- 
Concentration, diesterase 


Name Potency* Enzyme Source moles/liter . Form Reference 


I1 188 Rat brain - 
I1 188 600b Cat heart 


5= Pea seedlings 1 x 10-4 I1 74 
Cat heart - I1 188 


I1 188 Inactive Rat brain 
Rat thymic erythrocyte 1 X I1 112 


- I1 188 
15” 


Cat heart 
- I1 188 2’,3’-Cyclic UMP Inactive Cat heart 


I1 188 Inactive Rat brain - 
Inactive Pea seedlings 1 x 10-4 I1 74 


2’,3’-Cyclic CMP Inactive Rat  brain I1 188 
2’-O-Acetyl cyclic AMP 5b, 5.0d Rabbit lung - I1 172 
2I-O-Methyl cyclic AMP 4 . S b ,  52. I d  Rabbit lung - 11 172 
2’-0-(2,4-DNP) cyclic AMP 25b, 10. O d  Rabbit lung - I1 172 


I1 172 
26* Bovine thyroid I1 30 1 


2‘-Deoxy cyclic AMP llb, 22.7d Rabbit lung - I1 172 
N6,2’-O-Dibutyryl cyclic AMP 230b, 1. ld Rabbit lung - I1 172 


160a Bovine thyroid - I1 30 1 
Rat brain - I1 188 


1006 Cat heart - I1 188 
650b 


5‘-Methylene-B’-deoxy cyclic AMP Inactive Rabbit brain 1 x 10-4 I1 305 
5‘-Thio-5‘-deoxy cyclic AMP 15a, 1 2 b ,  10 .8d Beef heart - I1 185 


3 .55,2.4b, 104d Rabbit lung - I1 185 
5’-N-n-Octvlamino-5’-deoxv cvclic 2OOa Beef heart - I 306 


- 
2’,3‘-Cyclic AMP 1700b 


- 
2’,3’-Cyclic GMP 2106 


2’,3’-Cyclic IMP 2000b 


- 


2’-O-Butyryl cyclic AMP 5 .6b, 44 .6d Rabbit lung - 
- 


- -  
AMP 


S’-Cyclic AMP 56c Bovine heart 1 x 10-3 I1 307 


* See footnote to Table VI. 
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of hydrolysis of these derivatives by phosphodiester- 
ase. 8-Bromo and 8-benzylamino derivatives of cyclic 
GMP and cyclic IMP (Groups G and F, respectively) 
were also examined on D. discoideum phosphodies- 
terase and found to be generally less effective than 
the cyclic AMP derivatives, although only the 8- 
bromo substituent was common to all three types of 
cyclic nucleotides. 


A series of cyclic AMP derivatives examined on 
beef heart and rabbit lung phosphodiesterase includ- 
ed an N 6 -  ethoxycarbonyl and several N 6  -carbamoyl 
derivatives (Group B). The N 6  - (N  -methylcarba- 
moyl) and the N6-  ethoxycarbonyl derivatives were 
similar to theophylline in potency and selectivity, 
while the propylcarbamoyl and phenylcarbamoyl an- 
alogs selectively inhibited the rabbit lung and beef 
heart enzymes, respectively (183). 


Tubercidin cyclic phosphate (Group D, X = H) is a 
7-position carbon isostere of cyclic AMP; it and two 
closely related compounds, toyocomycin (X = CN) 
and sangivomycin (X = CONH2), were all very good 
inhibitors of beef heart and rabbit lung Form I. The 
corresponding heterocyclic bases were also good in- 
hibitors, but the analogous nucleosides and nucleo- 
side 5'-phosphates were generally much weaker (303). 


As might be anticipated, the most potent cyclic nu- 
cleotide inhibitors of phosphodiesterase generally 
have intact purine rings which resemble adenine, 
guanine, or hypoxanthine rather closely. Analogs of 
cyclic AMP having substituerits in the 1- or 8-posi- 
tion or attached to the 6-amino group may be quite 
potent, depending on the nature of the substituent. 
Compounds with substituents bonded to the 8-posi- 
tion through a nitrogen or oxygen atom are often less 
potent than those having an 8-sulfur attachment. Iso- 
steric substitutions (304) in the heterocyclic skele- 
tons of cyclic nucleotides also seem to offer consider- 
able promise for the development of potent phospho- 
diesterase inhibitors. 


3. Variation of sugar phosphate moiety of cyclic 
nucleotides: Many cyclic nucleotides have been pre- 
pared that incorporate variations of the normal p - ~ -  
ribofuranosyl cyclic 3',5'-phosphate moiety; represen- 
tative examples are included in Table VIII. One such 
class of compounds is the 2',3'-cyclic nucleoside phos- 
phates, some of which were 0.001-0.005 as potent as 
the corresponding 3',5'-congeners on Form I1 from 
cat heart and rat brain (188). In other systems, they 
were either weak or noninhibitors (66,74). 


An examination of several 2'-0 -substituted cyclic 
AMP derivatives on Form I1 led to the conclusion 
that the beef heart and rabbit lung enzymes were 
more sensitive than similar beef brain and rabbit kid- 
ney systems to inhibition by compounds having rela- 
tively small groups in the 2'-0-position. Beef brain 
enzyme was found to be more sensitive to inhibitors 
bearing the bulkier 2'-0 -(2,4-dinitrophenyl) and 2'- 
0 -butyryl groups (172). The 2'-0 -butyryl derivative 
is generally more potent than the N6-butyryl (see 
also Table VII, Group B), which is more potent than 
the familiar N6,  2'-0 -dibutyryl derivative (172, 302). 
The usefulness, however, of dibutyryl cyclic AMP as 
a tool for studying biochemical mechanisms far sur- 
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Table X-Inhibitor Constants of Papaverine on Form I1 
Activity from Selected Guinea Pig and Rat Tissue (175) 


Tissue Ki Value, @Ma 


CHJ 
111 


passes its utility as an inhibitor of phosphodiesterase. 
Its better cell penetration and slower metabolism 
compared to the parent cyclic AMP make it an excel- 
lent example of drug latentiation (308); nevertheless, 
its effects on intact biological systems must be 
viewed with caution (309,310). 


A number of excellent reports dealing with sugar 
phosphate variations in cyclic nucleotides are not dis- 
cussed here (10,183,185,311). 


Xanthine Derivatives -Theophylline (111) is the 
most common standard reference agent used in stud- 
ies of phosphodiesterase inhibitors. In a variety of 
guinea pig and rat tissues, it shows a moderate 
amount of tissue selectivity which appears to be 
species dependent (175,176). 


Caffeine is not consistently more or less active 
than theophylline, but commonly varies from 0.5 to 2 
times as potent (Table IX). Theobromine, however, 
is less potent than theophylline in a variety of tissues. 


Numerous xanthine derivatives have been synthe- 
sized, many of which are substituted at the 8-position 
as well as on the three commonly substituted secon- 
dary nitrogens. Several theophylline derivatives with 
substituted ethyl groups in the 7-position were less 
inhibitory than the parent structure on beef brain 
Form I, although etamiphylline is described as a bet- 
ter respiratory stimulant than theophylline (200). 
Etamiphylline iodomethylate, which has no inhibito- 
ry properties on phosphodiesterase, also has inter- 
esting in uiuo properties. Highest potency was ob- 
served with an N -benzylaminoethyl function in the 
i’-position, while a quaternary nitrogen on the 7-sub- 
stituent was detrimental (200). Another group of 7- 
substituted xanthines having a 3-pyridylmethyl func- 
tion in the 8-position was also less potent than theo- 
phylline on beef brain Form I (313). 


Two vasoactive substances are 1-substituted theo- 
bromine derivatives. SK 7 was more potent than pen- 
toxifylline2 as an inhibitor of umbilical phosphodies- 
terases, but their potencies relative to theophylline 
were not reported (192). 


A series of 8-alkyl theophyllines showed inter- 
esting properties on beef heart Form I. 8-n -Hexyl- 
theophylline was the most potent member, being 21 
times as active as theophylline. Surprisingly, the 8- 
n -heptyl homolog was not effective. Equally unex- 
pected was the fact that the 8-o-hydroxybutyl deriv- 
ative was ineffective, although the 8-butyl congener 
was 6 times as potent as theophylline. Compounds 
having four- and five-carbon branched and cycloalkyl 
groups in the 8-position were less effective than their 
straight chain counterparts; however, the C3 group- 


Guinea Pig: Brain 
Heart 
Kidneys 
Liver 
Lungs 


Rat: Brain 
Heart 
Kidneys 
Liver 
Lungs 


100 
180 
150 
30 
50 
50 
40 
50 
100 
25 


a Determined as described for Table 11. 


ings of isopropyl and cyclopropyl yielded analogs 
that were several times more potent than the n-pro- 
pyl analog (314). 


The 3-isobutyl analog of theophylline, SC 2964, 
was 15 times as potent as theophylline on rat fat cell 
Form 11, a system in which substantial increases in li- 
polysis were associated with only partial phosphodi- 
esterase inhibition. Close agreement was obtained be- 
tween potencies as lipolytic agents and phosphodies- 
terase inhibitors. Substitution of a sulfhydryl group 
in the 8-position of theophylline did not improve its 
potency (93). 


Replacing the 3-methyl of theophylline with more 
bulky, lipophilic groups yields compounds with im- 
proved potency, while increasing alkyl chain length 
up to hexyl at  the 8-position is quite advantageous. 
Compounds with substituted alkyl substituents in 
the 7-position offer no improvement over theophyl- 
line, although an additional 8-substituent may be 
helpful. 


Papaverine and Related Isoquinolines -The utili- 
ty  of the opium alkaloid papaverine as a standard 
reference for phosphodiesterase inhibition is well es- 
tablished. I t  effectively inhibits both Form I (18, 312, 
315-321) and Form I1 (19, 107, 121, 171, 175, 181, 
273, 322) from a variety of tissues. However, papaver- 
ine appears to activate phosphodiesterase from the 
cytoplasmic fraction of rabbit colon (289) and the cat 
cerebral cortex (191). While commonly exhibiting a 
potency from 10 to 1000 times that of theophylline, 
papaverine rarely shows appreciable tissue selectivity 
in its actions (Table X). 


Replacing the 7-methoxy of papaverine with a hy- 
droxy reduced its potency substantially on beef heart 
phosphodiesterase (Table XI). A similar replacement 
in the 3’-position (Ro 20-0518) did not affect its po- 
tency significantly; but a t  the 4’-position, the intro- 
duction of a hydroxy group resulted in a compound 
2-3 times as potent as papaverine (315). When all 
four methoxys of papaverine were replaced with eth- 
oxys, potency was not appreciably altered (317, 318, 


BI, 191. 
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Table XI-Benzylisoquinoline Derivatives 


Inhibitor 
Concen- 


Substituents at Position tration, Phospho- 
Enzyme moles/ diesterase Refer- 


Name 3 6 7 3' 4' 6' Potency* Source liter Form ence 


RO 20-0518 H CH30 HO CH30 CH;O H 9 C * i  Beef heart 
H CH3O CHiO HO CH3O H 32c*h Beef heart 
H CH30 CHIO CHxO HO H 66c.h Beef heart 


Ethaverine H CzHsO C2Hs0 


1 x 10-5 
1 X 
1 X 10-6 
- 


5 x 10-5 


I 315 
I 315 
I 315 
? 323 
I 317 


I 318 


? 323 
I 319 


C9H,0 C9HA0 H 5.6.. 0 .7e Beef heart 


platelets 
15a, 0.3e Human 


platelets 
HO HO H 22a, 0 . 2 "  Beef heart 


Negligible Guinea pig 
Papaveroline H HO HO - 


1 x 10-4 
brain 


CH30 CHaO H O.@,  2 . 5 .  Rabbit ileum 
CH30 CH30 Br 6lCei Guinea pig 


I1 324 
I 319 


- 
2 x 10-4 


papaverine brain- - 
PV2 H CH3O CH3O H c1 H 12@, 2.8e Beef heart 
Dioxyline CH3 CH30 CH30 CH30 CzH60 H 5ga, 0.08" Human 


I 320 
I 318 


datelets -- 
H CHa0 H H H 6 .  5a, 0 . 6 ~  .Beef heart 
H H  H CH3O CHIO H 220. 0 . 2 ~  Beef heart 
C?H3 CHjO CHaO H H H 48cJ8h Human 


? 323 
? 323 
I 317 


- 
- 


5 X 
platelets 


OCHZO H 25a, 0 .g8 Beef heart 
34a, 1 .Oe Beef heart 
0 .6a, 3 .36 Rabbit ileum 
7a, 0.  86 Beef coronary 


30a, 1 .3'  Rat adrenal 
artery 


H H H Negligible Beef heart 
Related Alkaloids 


15b, 0.8' Dog cerebral 


15b, 0 .67" Rat cerebral 


220b, 0.  l e  Dog red blood 


170b, 0 .07e Rat red blood 


36=, 0 .  le Beef heart 
390, 0 .  l e  Beef heart 


cortex 


cortex 


cell 


cell 


Eupaverine CH3 OCHzO I 316 
I 320 
I1 324 
I 325,94 


I 312 
? 323 


- 
1 x H H  H 


CH, 


N 7  
I 


Apomorphine I1 121,122 


I1 19 


I1 122 


I1 121,122 OH OH 


? 323 
? 323 


CH, 
I ( -)-Glaucine 


( +)-Glaucine 


CHs 
I 


Bulbocapnine I1 19 46*, 0 .22'  Rat cerebral - 
cortex 


* See footnote to Table VI. 


323) but four hydroxys were clearly detrimental (319, 
323). Replacement of both the 3'- and 4'-methoxys 
with hydrogen retained activity but potency de- 
creased when the 6- and 7-methoxys were removed. 
Deletion of the entire l-veratryl group of papaverine 
affords 6,7-dimethoxyisoquinoline, which retained 
only about 3% of the potency of papaverine on beef 
heart phosphodiesterase (323). Removal of the 3'- 
and 4'-methoxy groups and addition of a 3-ethyl 


function did not change the inhibitory potency of pa- 
paverine on human platelet Form I (317). Addition of 
a bromine atom at  the 6'-position of either papaver- 
ine or papaverinol resulted in a more potent inhibitor 
of both the soluble and particulate forms of guinea 
pig brain Form I (319). 


Replacement of both pairs of methoxys with meth- 
ylenedioxy functions and addition of a 3-methyl 
group produces a compound (eupaverine) that was 
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equipotent to papaverine on purified Form I from 
beef heart (316, 320). Replacing the 1-veratryl group 
of papaverine with a p -chlorobenzyl function in- 
creased the inhibitory effects on Form I of beef heart 
(320). The 3-methyl-4'-ethoxy analog of papaverine 
(dioxyline) was considerably less potent than papav- 
erine on human platelet Form I (318). 


3,4-Dihydropapaverine had negligible activity on 
both the soluble and particulate forms of guinea pig 
brain Form I, while 3,4-dihydroethaverine retained 
some of the activity of papaverine in both platelet 
(317) and purified beef heart Form I (316). Tetrahy- 
dropapaveroline was not effective on guinea pig brain 
Form I (319) or beef heart Form I (325) and was a 
weak inhibitor on rabbit ileum Form I1 (although it 
retained good spasmolytic action in the last system) 
(324). 


A variety of isoquinolines with groups other than 
benzyl (or substituted benzyl) in the 1-position was 
ineffective on guinea pig brain Form I, as were those 
bearing representative pyridylmethyl functions in 
the same position (319); nevertheless, quinoparine, 
the desmethylene analog of papaverine, was more po- 
tent than papaverine on beef heart Form I (320). 


The quaternary salt, papaverine methiodide, was 
not effective on beef heart phosphodiesterase (323). 


These data support the conclusion (323) that the 
6,7-dimethoxy substituents contribute more to the 
effectiveness of papaverine as a phosphodiesterase 
inhibitor than do the methoxy functions in the ben- 
zyl group. Furthermore, alkyl substitution in the 3- 
position of the heterocyclic ring retains activity, as 
does hydroxylation of the methylene group, but sub- 
stitution of hydroxy for methoxy groups on the iso- 
quinoline rings is generally undesirable. Partial or 
complete saturation of the N -containing ring of pa- 
paverine analogs does not provide a clear trend in 
phosphodiesterase inhibition, but quaternization of 
the nitrogen is clearly detrimental. 


Although a direct comparison is lacking, morphine 
and codeine appear much less effective than apomor- 
phine as inhibitors of Form I1 (122, 297). The apo- 
morphine congeners, glaucine (323) and bulbocap- 
nine (19), are effective inhibitors but both are less 
potent than papaverine. 


Adrenergic Amines and Related Compounds - 
The catechol system is important to phosphodiester- 
ase inhibition in both phenethylamines and phen- 
ethanolamines. Although catechol, resorcinol, and 
hydroquinone (50 pM) do not themselves inhibit 
phosphodiesterase activity (252), significant potency 
in phenethylamines favors the 3,4-dihydroxy configu- 
ration (Table XII). Replacement of the 3-hydroxy 
group on 1-dopa with hydrogen (1-tyrosine) de- 
stroyed all activity; but if the carboxy function was 
changed to hydrogen (dopamine), little change was 
observed. Methylation of the 3-hydroxy group of 
dopamine destroyed activity (252). 


Although they are not as potent as their amine- 
containing congeners, several nitrogen-free catechol 
derivatives also showed considerable activity on beef 
heart Form I (252). Those derivatives showing activi- 
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ty contained either an aldehyde or a carboxylic acid 
function, although benzaldehyde was remarkably 
weak. 


The presence of the &OH group is clearly not es- 
sential for phosphodiesterase inhibition in catechol- 
amines (e.g., dopamine versus norepinephrine); fur- 
thermore, the optical configuration about the fl-car- 
bon of isoproterenol is not critical, nor is the size of 
the amine substituent (252). As in the case of phen- 
ethylamines, anything other than 3,4-dihydroxy sub- 
stitution on phenethanolamines resulted in drastical- 
ly reduced potency in the system studied. Slight ac- 
tivity in the case of albutero13 may be attributed to 
the “homo-catechol” system (252). 


Inhibition of phosphodiesterase by the adrenergic 
hormones occurs preferentially a t  high substrate con- 
centrations. Two studies referred to in Table XI1 as 
Form I1 studies (250, 252) used a substrate concen- 
tration of M ,  which is marginal for testing Form 
I1 activity. When phosphodiesterase studies using 
lower concentrations of cyclic AMP were carried out 
(253), a stimulant effect of these hormones on phos- 
phodiesterase activity from rat liver was observed. 
This phosphodiesterase stimulant action was sug- 
gested as the intracellular mechanism for the a-ad- 
renergic effects of these catechols, which were repeat- 
edly shown to be associated with decreased intracel- 
lular levels of cyclic AMP (139, 276, 328, 329). This 
strongly reemphasizes the importance of the selec- 
tion of the substrate concentration used for the type 
of effects observed. 


Pyridine and Quinoline Derivatives -Of several 
pyridine dicarboxylic acids tested on Form I from 
Breuibacterium liquefaciens, dipicolinic acid was 
clearly superior at very high inhibitor concentrations 
(71) (Table XIII). Nicotinic acid is included here as 
an inhibitor, although it also stimulated phosphodi- 
esterase from adipose tissue (292). As an inhibitor of 
rat liver Form I (330), nicotinic acid was considerably 
inferior in potency to nicotinamide, N,N -diethylni- 
cotinamide, and 3-acetylpyridine. Analogs of nicotin- 
ic acid having longer side chains were weak or inac- 
tive on rat fat cell Form I1 (331). 


Other nicotinamide analogs (IV), retaining the 3- 
pyridylcarbonyl moiety and varying the other residue 
(X), were described as potent inhibitors of the rat 
liver soluble enzyme. Ethyl nicotinate (X = OC2H5), 
the strongest inhibitor among the agents investi- 
gated, was also able to increase hepatic cyclic AMP 
levels following intraperitoneal injection (332). 


0 
II Qrc- 


Although only a few quinoline derivatives have 
been investigated, their potencies as inhibitors of 
phosphodiesterase appear to be minimal, at least on 


1 7 C H 2 - C O O H  i 7 C H & H 2 N H Z  
H N u N  HN-N 


imidazole-4-acetic acid histamine 
v VI 


H H 


phentolamine 
VrI 


tolazoline 
VIII 


Form I. 8-Hydroxyquinoline, as well as dipicolinic 
acid, probably does not actually inhibit phosphodies- 
terase but rather inactivates it by metal-ion chelation 
(71). In fact, a variety of metal-chelating carboxylic 
acids has been reported to inhibit phosphodiesterase 
activity from a number of sources (3,67,296). 


Indole Derivatives -Serotonin weakly inhibited 
phosphodiesterase activity in beef heart (252) (Table 
XIV) while reserpine more substantially inhibited 
the enzyme from the brains of trout (44), rat (297), 
and cockroach (35). A synthetic derivative of reser- 
pine, 1 -diethylaminoethylreserpine, was 200 times 
more potent than theophylline as an inhibitor of rab- 
bit brain cortex Form I (333). 


Dihydroergotamine was about twice as potent as 
theophylline on cat cerebral cortex Form I (191) but 
showed a uniform, pronounced inhibition of phos- 
phodiesterase in other organs only at high, un- 
physiological concentrations M )  (190). Only in 
cat brain phosphodiesterase did both dihydroergo- 
tamine and an hydrogenated ergot alkaloid mixture4 
induce an accumulation of cyclic AMP at physiologi- 
cal dose levels (190). I t  has been reported that dihy- 
droergotamine inhibits both adenyl cyclase and phos- 
phodiesterase; thus it antagonizes catecholamine- 
stimulated lipolysis by adenyl cyclase inhibition and 
potentiates the effects of other lipolytic agents uia 
phosphodiesterase inhibition (336). 


Nine dihydroergotamine derivatives were approxi- 
mately equal in potency to caffeine and theophylline 
on cat brain gray matter Form I (334). Brucine and 
strychnine were weak inhibitors (18) of Form I while 
the latter was also reported as an activator (17) of the 
enzyme. 


2-Bromolysergic acid diethylamide was 5 times as 
potent as theophylline in uitro (290) and 15-40 times 
as potent as theophylline on guinea pig heart phos- 
phodiesterase e x  uiuo (335). 


Imidazole Derivatives -1midazole itself is most 
often reported as an activator of both Forms I and I1 


RO 
L 


IX R = CH,, RO 7-2956 
X: R = nC,Hk RQ 20-1724 


3 AH 3365. Hydergine 
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Table XIII-Pyridine and Quinoline Derivatives 
~~ ~~ 


Inhibitor 
Concen- 
tration, Phospho- 


Enzyme moles/ diesterase Refer- 
Name Substituent (9) Potency * Source liter Form ence 


Pyridines :@: 


DipFolinic acid 
a,a -Dipyridyl 
Nicotinic acid 
Nicotinamide 
NADP 


8-H ydroxyquinoline 


ortho-Phenanthroline 


Quinoline 


3-Acetyl 
3-N,N-Diethylcarboxamido 
3-CH=CH-COOH 
3-(CHz)nCOOH (n = 0,1,2,3) 
3-(CHz),COOH 
2,3-Dicarboxyl 
2,4-Dicarboxyl 
2,5-Dicarboxyl 
2,6-Dicarboxyl 
2- (2-Pyridyl) 
3-Carboxyl 
3-Carboxamido 
- 


-7OC 
-70~ 
Weak 
Inactive 
Weak 
16 .Oc 
38.5C 
21.5c 
94.8c 
8.6" 
-2oc 
-7OC 
Weak 


Quinolines 
6OC 


Rat  liver 
Rat  liver 
Rat  fat cells 
Rat  fat cells 
Rat  fat cells 
B. liquefaciens 
B. liquefaciens 
B. liquefaciens 
B. liquefaciens 
B. liquefaciens 
Rat  liver 
Ra t  liver 
Rat  liver 


? I 
? I 
1 x 10-4 I1 
1 x 10-4 I1 
1 x 10-4 I1 
1 x 10-2 I 
1 x 1 0 - 2  I 
1 x 10-2 I 
1 x 10-2 I 
1 x 10-2 I 
4 x 10-2 I 
4 x 10-2 I 
2 x 10-2 I 


B. liquefaciens 1 X 10-2 I 


25" Bovine brain 1 X 10-4 I 


17c Bovine brain 1 X I 


330 
330 
331 
331 
331 


71 
71 
71 
71 
71 


330 
330 
330 


71 


70 


70 


* See footnote to Table VI. 


but occasionally does not significantly affect the en- 
zyme (74, 215). Imidazole-4-acetic acid (V) (217) and 
histamine (VI) M )  (248, 281, 337) also showed 
stimulant effects on the enzyme (see Activators), al- 
though the latter did not affect the activity from beef 
heart (252), bullfrog gastric mucosa (217), or cyclic 
GMP phosphodiesterase from rat brain (53). 


The a-blocking agent phentolamine (VII) effec- 
tively inhibited Form I from mouse brain (186) and 
rat brain (288) a t  high concentrations, although the 
structurally related a-blocker, tolazoline (VIII), was 
considerably weaker in one system (288) and possibly 
stimulatory in the other. Low concentrations of 
phentolamine did not inhibit beef heart Form I (252). 
While evidence does not support the conclusion that 
a-adrenergic blocking agents as a class inhibit phos- 
phodiesterase, it has been suggested (288) that phos- 
phodiesterase inhibition as well as cu-adrenergic 
blockade may be involved in the actions of phento- 
lamine. 


Several members (IX and X) of a class of 4-(3,4- 
dialkoxybenzyl)-2-imidazolidinones were reported to 
be surprisingly potent inhibitors of phosphodiester- 


c6H5fg0 0 NH 


XI: diphenylhydantoin 


ase. The prototype of the series, Ro 7-2956, was 42 
times as potent as theophylline in this rat red blood 
cell system. Within this family of compounds, activi- 
ty was greatly dependent upon the nature and posi- 
tion of the aromatic ring substituents. Inhibition in- 
creased with the length of the meta-alkoxy group 
and decreased with the length of the para-alkoxy 
function (338). 


Addition of a carboxy group to the $-position of 
the heterocyclic ring in Ro 7-2956 decreased activity 
markedly, as did changing the aromatic group to 
naphthyl. Opening the heterocyclic ring to form a di- 
amine reduced activity to nearly that of theophylline. 
Resolution of Ro 7-2956 showed that the 1 -enantiom- 
er had more than 3 times the potency of the d -form 
and nearly twice that of the racemic compound. Both 
theophylline and Ro 20-1724 inhibited rat erythro- 
cyte phosphodiesterase in a mixed manner, with both 
competitive and noncompetitive aspects (177). Sub- 
sequent work (121, 122) pointed out pronounced dif- 
ferences in the sensitivity of phosphodiesterases from 
a variety of tissues to Ro 20-1724 when compared 
with papaverine and theophylline. Ro 20-1724 also 
selectively inhibited hydrolysis of cyclic AMP com- 
pared to cyclic GMP (177). 


The imidazolidinedione diphenylhydantoin (XI) 
was reported to be one-fourth as potent as the theo- 
phylline on rat brain Form I1 (297) and less than 2% 
as active as papaverine on the enzyme from the ham- 
ster pancreatic islet cell tumor (107). 
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Table XIV-Indole Derivatives 


Name 


Serotonin 
Reserpine 


Dihy droergotamine 
Dihydroergotamine analogs 


(a total of nine) 
Lysergide (lysergic acid 


diethylamide) 


Strychnine nitrate 
Brucine 


Substituent Potency* 


Weak 
170b, 0.7d 
39ctJ 
2 3  


Enzyme Source 


Beef heart 
Ra t  brain 
Cockroach brain 
Trout brain 
Rabbit brain cortex 
Cat cerebral cortex 
Cat brain gray matter 


Inhibitor 
Concen- 
tration, Phospho- 
moles/ diesterase Refer- 


liter Form ence 


5 x 10-5 I 252 
- I1 297 


1 x 10-4 11 35 


1-Diethylaminoethyl 6 1 200 
29',J 
-1 . O d  


2-Bromo 1005, 5 . O d  Guinea pig heart - ? 290 


5 % 10-4 I 44 
- I 333 


2 .5  x 10-5 I 191 
2.5 x 10-5 I 334 


15-40d Guinea pig heart (ex uiuo) 3 X lo-'  7 335 
68a, 2 .6d Beef heart - I 326 
40C.o Bovine taste papillae 6 X lo-'  I 18 
39 .2c.o Bovine taste papillae 6 X lo-'  I 18 


* See footnote to Table VI. 


Sulfonylureas -When comparisons are made to 
caffeine or theophylline, the sulfonylureas are invari- 
ably less potent, even in tissues other than pancreas. 
Chlorpropamide and tolbutamide are most often re- 
ported to inhibit phosphodiesterase but neither is 
consistently the more potent. It would appear from 
the data in Table XV that the nature of the alkyl and 
ring substituents is not very important in structure- 
activity relationships, but an insufficient number of 
derivatives has been reported for any clear relation- 
ships to be outlined. 


One attempt was made to show that the phospho- 
diesterase inhibitory action of the sulfonylureas de- 
pends on the intact structure since a mixture of tolu- 
enesulfonic acid and butylurea had very little inhibi- 


tory activity (341). This should not imply that divid- 
ing the molecule a t  some other point (e.g., p-tolu- 
enesulfonamide and N -butylformamide) would nec- 
essarily produce the same result. 


Benzothiadiazines and Related Compounds -All 
benzothiadiazine derivatives cited (Table XVI) as 
phosphodiesterase inhibitors are of the 1,l-dioxide 
group and only diazoxide is not of the diuretic class, 
which almost by definition bears a sulfamoyl group in 
the 7-position. Diazoxide and six thiazide diuretics 
were compared with caffeine and theophylline on 
beef heart Form I, and all compounds tested inhibit- 
ed the enzyme but were less potent than caffeine and 
less than one-half as potent as theophylline (342). 
Most of the potency differences between the ben- 


0 
X*?NHCNHR II 


Table XV-Sulfonylureas 


Inhibitor 
Concen- 
tration, Phospho- 


Enzyme moles/ diesterase Refer- 
Name X R Potency* Source liter Form ence 


Tolbutamide CH3 C4H9-n 23.0" Ra t  kidney 5 x 10-3 11 339 
59c Ra t  adrenals 1 x 10-2 ? 340 
28c.9, 3000a Bovine thyroid 5 X I 301 
53c Hamster islet cell 1 X I1 341 


3000b Hamster islet cell - I1 107 


Toluenesulfonic acid + 1 5 c , g  Hamster islet cell 1 X I1 341 


7 340 47c Rat  adrenals 1 x 10-2 
27c.0 Bovine thyroid 5 X I 301 


Acetohexamide CHsCO Rat  adrenals 1 x 10-2 ? 340 


tumor 


tumor 


but yl urea tumor 
C3H7-n 25.7" Rat kidney 5 x 10-3 11 339 Chlorpropamide c1 


Tolazamide CH3 Rat  adrenals 1 x 10-1 ? 340 


G1 yburide CI H 20c Mouse pancreatic -- t I1 111 
(glibenclamide) Q kCH2CH2 islet 


OCH, 


* See footnote to Table VI. t Inhibitor concentration, 8.7 rg/ml. 
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Table XVI-Benzothiadiazine Derivatives and Related Compounds 


Inhibitor 
Concen- 


Substituent a t  tration, Phospho- 
-Position- Enzyme moles/ diesterase Refer- 


(4-3) Moiety 2 6  7 Name Potency* Source liter Form ence 


I H H C1 Diazoxide 0 . 2 8 d  
l l C  


450" 
1200b 


Beef heart 
Bovine artery 
Beef heart 
Hamster islet 


cell tumor 
Beef heart 
Guinea pig 


kidney 
Rat kidney 
Beef heart 
Beef heart 


-10 - 3  


10 - 3  
- 


342 
I 
I 


I1 


289 
343 
107 


I 
I1 


342 
175 


-N=CH- H C1 S02NH2 Chlorothiazide 0 .31d 
52OOn, 0 .54d 


29OOa, 0 . 4 5  
H C1 SO2NHz Hydrochloro- 0.02d 


thiazide 1500" 


I1 
I 
I 


175 
342 
343 


- 
-10-3 
- -NHCHZ- 


CHC12 
I 


-NH-CH- 


-NH-CHZ- 


CHzCsHs 


H C1 S02NH2 Trichlor- 0 . 1 1 d  


H CF, S02NH2 Hydroflu- 0 . 0 8 d  
methiazide 


methiazide 


Beef heart 


Beef heart 


-10 - 3  


- 1 0 - 3  


I 


I 


342 


342 


-NH-~H- H CF3 S02NH2 Bendroflu- 0 . 0 5 d  
methiazide 


CH2SCHzCF3 
I 


Beef heart -10-3 I 342 


-NH-CH- CH, F S02NH2 Polythiazide 0.41d Beef heart 
Beef heart 


-10-3 
- 


I 
I 


342 
343 


HJSO, c'mNHcH,q COOH 


Furosemide 500a 


Beef heart I 344 Chlorthalidone 25005, 0 .  06d 


* See footnote to Table VI. 


zothiadiazine derivatives are not great, making it 
hazardous to extrapolate structure-activity relation- 
ships in too much detail; however, a few points seem 
worth mentioning. 


Saturation of the 3,4-double bond of chlorothiazide 
decreased potency by a factor of 15 on beef heart 
Form I; other 3,4-saturated derivatives, except po- 
lythiazide, were less potent than chlorothiazide. The 
effects of alkyl or substituted alkyl groups in the 3- 
position appear to be minimal. Obviously, the 7-sul- 


famoyl function with the accompanying diuretic ac- 
tivity is not essential for phosphodiesterase inhibi- 
tion, as shown by the case of diazoxide. Substitution 
in the 6-position does not appear to be of special sig- 
nificance where the substituent is H, C1, or CF3. The 
influence on phosphodiesterase activity of the 6-flu- 
or0 and 2-alkyl substituents of polythiazide, the most 
potent member of the series on beef heart Form I, re- 
mains to be elucidated. 


Although the thiazide diuretics are not potent 
phosphodiesterase inhibitors, the inhibitor constants 
(Ki) for one derivative, chlorothiazide, are lower for 
Form I1 from kidney tissue (guinea pig and rat) than 
for any of the other tissues studied (Table XVII), in- 
dicating marked selectivity for the kidney enzyme. 


Two other diuretics, structurally related to the 
benzothiadiazines, were also reported to inhibit phos- 
phodiesterase. Chlorthalidone (344) had about one- 
fifteenth the potency of theophylline, while furosem- 
ide (343) was three times as potent as hydrochlo- 
rothiazide on beef heart Form I. 


Miscellaneous Diuretics and Sulfhydryl-Rinding 
Agents -The importance of sulfhydryl groups for 
phosphodiesterase activity, as discussed earlier, is 


Table XVII-Inhibitor Constants of Chlorothiazide on 
Phosphodiesterase Activity from Selected Guinea Pig and 
Rat Tissues (175) 


Tissue Ki Form 11, mMa 


Guinea Pig: 
Kidneys 5.2 
Lungs 13.0  
Brain. heart. liver >85.0 


Rat: 
Kidneys 2 . 9  
Liver 8 5 . 0  
Brain, heart, lungs > 8 5 . 0  


0 Determined as described for Table 11. 
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Table XVIII-Miscellaneous Diuretics and Sulfhydryl-Binding Agents 


Inhibitor 
Concen- 
tration, Phospho- 


Enzyme moles/ diesterase Refer- 
Potency* Source liter Form ence Name Structure 


Acetazolamide N-N 6O0Oa, 0 .  027d 


C H 3 C m ~ b , N H ,  


I Beef heart - 343,344 


343,344 
189 


189 


189 


189 


189 


189 


189 


217 


189 


Ethacrynic acid I Beef heart -_ 
Guinea pig 2 x 10-3 ? 


heart 


Mersalyl 72= 


a ~ ~ ~ ~ C ~ ~ C H , H g O H  I 
OCH, 


CHzCOONa 
I 


CHzCONHCONHCH2CHCHzHgOH 67c 


? Guinea pig 2 x 10-3 
heart 


Meralluride 


Guinea pig 2 x 10-3 ? 


Guinea pig 2 x 10-3 ? 


Guinea pig 2 x 10-3 ? 


heart 


heart 


heart 


I 


OCH, 
p-chloromercuri- 


benzoic acid 


Phenylmercuric 
acetate 


CIH+OOH 65c 


96c 


Methylmercuric 


Mercuric chloride 


Iodoacetic acid 


chloride 
CH3HgCI 7@ 


HgC1z 92c 


ICHzCOOH 12.4= 


5 c  


Guinea pig 2 x 10-3 ? 
heart 


Guinea pig 2 x 10-3 ? 
heart- 


mucosa 


heart 


Bullfrog gastric 1 x 10-3 I 


Guinea pig z x 10-3 ? 


5,5’-Dithiobis (2- [ O J  s -4  nitrobenzoic acid) 
27 .O= Bullfrog gastric 1 x 10-3 I 217 


mucosa 


C W  -(&-SW 
p-C hloromercuri- 


benzenesulfonic 
58 .W 


61 .O= 


5 c  


Bullfroggastric 1 x 10-3 I 217 
mucosa 


acid 
p-Chloromercuri- CIHg+COOH 


benzoic acid 
Bullfroggastric 1 x 10-3 I 217 


mucosa 


N-Ethylmaleimide Guinea pig 2 x 10-3 ? 189 
heart 


N-(kDimethyl- 6 4- 
amino-3,5-di- 
nitrophenylb I N 0 N(CHJ, 
maleimide 


0 NO1 


loor Bullfrog gastric 1 X 1 0 - ~  I 217 
mucosa 


* See footnote to Table VI. 


reemphasized by the results shown in Table XVIII. 
Several mercurial diuretics and other sulfhydryl- 
binding agents appear to inhibit strongly the enzyme 
from a number of sources (189). However, the incom- 
plete reversal of inhibition by dithiothreitol throws 
some doubt on sulfhydryl binding as the only mecha- 
nism by which these compounds inhibit phosphodies- 
terase (189). Furthermore, acetazolamide and etha- 
crynic acid, with no apparent sulfhydryl-binding 
ability, still inhibit the enzyme (343,344). 


Psychotropic Agents -The reported ability of the 
vast majority of psychotropic agents to inhibit phos- 
phodiesterase from a variety of tissues must be tem- 
pered by some additional observations: 


1. Phenothiazine derivatives have also been re- 
ported to inhibit adenyl cyclase in brain (345) as well 
as other tissues (346). 


2. Three tricyclic antidepressants, imipramine, 
desipramine, and amitriptyline, have been found to 
be potent stimulators of cyclic AMP formation in 
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Table XIX-Psychotropic Agents: Tricyclic Derivatives 


Name x 


Inhibitor 
Concen- 
tration, Phospho- 


Enzyme moles/ diesterase Refer- 
Y Z Potency* Source liter Form ence 


Chlorpromazine NCHzCHzCH2N (CH3) 


Promazine NCHzCHzCHzN (CH3) 2 


n 
Fluphenazine NCH,CH,CH,N NCH,CH,OH 


U 


Triflupromazine NCH$HFH,N(CHdz 


Perphenazine N C H & H , C H ~ ~ N C H , C H , O H  


Thioridazine NCH,CH, 0 
I 


CHz 


Prochlorperazine N C H , C H , C H , ~ N C H ,  
u 


CForprothixene C=CHCHZCHZN(CH~)~ 
Imipramine NCHzCH2CHZN(CH3), 


Desipramine 


Trimepramine 
Nortript yline 


Amitriptyline 


Opipramol 


Protriptyline 
Doxepin 


NCHzCHzCHzNHCH3 


NCHzCH (CH8)CHzN (CH3)z 
C=CHCHzCHZNHCH3 


C=CHCHZCHzN (CH3)Z 


n 
U 


NCH,CH,CH,N NCHzCH20H 


CHCHzCHzCHzNHCH3 
C=CHCHzCHzN (CH3)z 


S 


S 


S 


S 


S 


S 


S 


S 
CHzCHz 


CHzCHz 


CHzCHz 
CHzCHz 


CHzCH? 


CH=CH 


CH=CH 
0-CH:, 


C1 170h, 0 .7d Rat brain 
14c Beef 


heart 
50= Rabbit 


brain 
85c Ox heart 
808 Rat brain 
6gC Mouse 


brain 


heart 
2 4 ~  Rabbit 


brain 


H P  Beef 


CF3 4ah, 2.5d Rat brain 
1 8 c  Beef 


heart 
64c Rabbit 


brain 
CF3 3OOb, 0 .4d Rat brain 


130° Rat brain 
C1 14c Beef 


heart 
6OC Rabbit 


brain 
SCH, 180' Rat brain 


- 
5 x 10-6 


5 x 10-6 


1 x 10-3 


1 x 10-3 


5 x 10-5 


- 


5 x 10-6 


- 


5 x 10-6 


5 x 10-6 


- 
.- 


5 x 10-5 


5 x 10-5 


- 


c1 


c1 
H 


H 


H 
H 


H 


H 


H 
H 


14c Beef 
heart 


6 4 ~  Rabbit 
brain 


170- Rat brain 
222-, 0 .4d Rat 


765a, 1 .Od Rat 
adipose 


430d 
4OC 
700b, 0 .  2d 
90CJ 


58C 


36c 


45c 
480a 
3& 


55c 
70c 
2OOb, 0 .  6d 
86c*f 


34c.9 


66c 


7OC 
460h, 0 .  3d 
450- 


adipose 
Rat brain 
Ox heart 
Rat brain 
Human 


brain 
Human 


platelets 
Mouse 


brain 
Ox heart 
Rat brain 
Mouse 


brain 
Ox heart 
Ox heart 
Rat brain 
Human 


brain 
Human 


platelets 
Mouse 


brain 
Ox heart 
Rat brain 
Rat brain 


8& .f Human 
brain 


25c*g Human 
platelets 


8OC Ox heart 
65c Ox heart 
>lOOOb Rat brain 


5 x 10-5 


5 x 10-5 


- 
- 


- 


- 
1 x 10-3 


1 x 10-3 


1 x 10-3 


5 x 10-3 


1 x 10-3 


5 x 10-3 


1 x 10-3 
1 x 10-3 


1 x 10-3 


1 x 10-3 


1 x 10-3 


1 x 10-3 


- 


- 


- 


- 
- 


1 x 10-6 


1 x 10-6 
1 x 10-3 
1 x 10-3 
- 


I1 
I 


I 


I 
I1 
I 


I 


I 


I1 
I 


I 


I1 
I1 
I 


I 


I1 


I 


I 


I1 
I1 


I 


I1 
I 


I1 
I 


I 


I 


I 
I1 
I 


I 
I 


I1 
I 


I 


I 


I 
I1 
I1 
I 


I 


I 
I 


I1 


297 
333 


333 


357 
358,359 
186 


333 


333 


297 
333 


333 


297 
358,359 
333 


333 


297 


333 


333 


358,359 
171 


171 


358,359 
357 
297 
178 


178 


186 


357 
358,359 
186 


357 
357 
297 
178 


178 


186 


357 
297 
358, 359 


178 


178 


357 
357 
297 


* See footnote to Table VI. 
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Table XX-Psychotropic Agents: Benzodiazepine Derivatives (181) 


Name 


Inhibitor Phospho- 
Concentration, diesterase 


Structure Potency* Enzyme Source moles/liter Form 


C hlordiazepoxide 


Diazepam 


N-Demethyldiazepam 


N-Methyloxazepam 


Oxazepam 


Medazepam 


NHCH, 


CI )&-$OH 


CSHS 


CI &$OH 


29c 
1fiC 
18C 


55c 
44= 
42c 


34c 
22c 
15c 


33c 
19c 
27c 


15c 
1 l c  
1 l C  


18h, 11 .  Id  
25b, 32d 
15", 67d 


Cat temporal cortex 
Cat hippocampus 
Cat cerebellum 


Cat temporal cortex 
Cat hippocampus 
Cat cerebellum 


Cat temporal cortex 
Cat hippocampus 
Cat cerebellum 


Cat temporal cortex 
Cat hippocampus 
Cat cerebellum 


Cat temporal cortex 
Cat hippocampus 
Cat cerebellum 


Cat cortex 
Rat brain 
Neuroblastoma 


5 x 10-5 
5 x 10-5 
5 x 10-5 


5 x 10-5 
5 x 10-5 
5 x 10-5 


5 x 10-5 
5 x 10-5 
5 x 10-5 


5 x 10-5 
5 x 10-5 
5 x 10-5 


5 x 10-5 
5 x 10-5 
5 x 10-5 


- 
- 
- 


I1 
I1 
I1 


I1 
I1 
I1 


I1 
I1 
I1 


I1 
I1 
I1 


I1 
I1 
IT 


I1 
I1 
I1 


* See footnote to Table VI. 


guinea pig cerebral slices (347) a t  doses where their 
phosphodiesterase inhibition is marginal; chlorpro- 
mazine and perphenazine had no significant effect on 
cyclic AMP levels. Theophylline at M inhibited 
the effect of imipramine by >90% on cerebral slices 
(347). A similar situation was observed with adeno- 
sine (348-354). This antagonism may involve a com- 
petition between theophylline on the one hand and 
antidepressants or adenosine on the other for the re- 
ceptor sites on phosphodiesterase, allowing the intra- 
cellular levels of cyclic AMP to rise through other 
mechanisms. Other workers reported that of nor- 
triptyline, anitriptyline, desipramine, and imipra- 
mine, only the last had significant activity on ox heart 
Form I1 and it was less potent than caffeine (355). It 
is also possible that these compounds are more active 
on the activated enzyme, i .e.,  in presence of the pro- 
tein activator shown to be present in the brain and 
discussed previously. 


3. Regarding a causal relationship between phos- 
phodiesterase inhibition and the action of tricyclic 
antidepressants, it has been cautioned that, while 
levels of cyclic AMP in brain tissue may be of impor- 
tance in regulating mental states, inhibition of brain 
phosphodiesterase by a drug does not necessarily 


confer antidepressant activity. A case in point is that 
of promethazine (XII), which is as potent an inhibi- 
tor of rat brain phosphodiesterase as certain tricyclic 
antidepressants but has no antidepressant effect in 
uioo (356). 


A point-by-point interpretation of structure versus 
activity for the psychotropic agents would probably 
be fruitless as well as confusing. However, nearly all 
tricyclic psychotropic agents (Table XIX) have 
shown respectable potency as inhibitors of phospho- 
diesterase in most systems, depending on the concen- 
tration used. 


The minor tranquilizers of the chlordiazepoxide 
type (Table XX) have not been studied extensively 
as phosphodiesterase inhibitors but show consider- 
able inhibition at low concentrations on the enzymes 
from the cat CNS (181). Haloperidol, a substituted 
butyrophenone, has invariably shown little potency 
on phosphodiesterases (297,333,358,359). 


aNB 
I 


CH,CH(CHJN(CH,), 
XII: promethazine 
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Table XXI-Anticoagulants (363) 


Name Structure 
Enzyme Phosphodiesterase 


Form Potency* Source 


Dicumarol 


Anisindione 


Acenocoumarol 


Haloxan 


35h Human platelets I1 


240b Human platelets I1 


270b Human platelets II 


105 Human platelets II 


* See footnote to Table VI. 


The relationship of cyclic AMP levels to brain 
function has been extensively reviewed (54, 177, 
360-362). 


Anticoagulants -Anticoagulants of the type 
shown in Table XXI may inhibit phosphodiesterase 
and raise platelet cyclic AMP levels (363); this has 
been shown to mediate platelet-aggregation inhibi- 
tion (318, 364). Thus, these compounds may inhibit 
the formation of fibrin clots by their effects on pro- 
thrombin metabolism, and they may inhibit platelet 
aggregation by virtue of their phosphodiesterase in- 
hibitory action. 


Miscellaneous Heterocyclic Compounds of Syn- 
thetic Origin -A number of heterocyclic compounds 
with important pharmacological profiles have been 
found to be strong inhibitors of phosphodiesterase 
(Table XXII). Dipyridamole, a derivative of pyri- 
mido[5,4-d]pyrimidine which was introduced several 
years ago as a coronary vasodilator, is a potent inhibi- 
tor of platelet aggregation and a very effective phos- 
phodiesterase inhibitor. Nevertheless, i t  is generally 
less potent than papaverine (94, 181, 316, 318, 325). 
Although it showed considerable selectivity for 
human platelet over human brain phosphodiesterase 
(178), dipyridamole was less potent than its congener 
RA 233 on the human platelet enzyme (365). RA 233, 
which lacks one of the two equivalent piperidino 
moieties found in dipyridamole, was particularly ef- 
fective against the human platelet enzyme (322,365). 


A thien0[3,2d]pyrimidine derivative5 was equipo- 
tent to dipyridamole on human platelet Form I but 
was less potent than the dipyridamole relative, RA 
233. There was no correlation between the action of 
any one of these three pyrimidine derivatives and the 
inhibitory effect on ADP-induced platelet aggrega- 
tion (365). 


h VK 744. 


SQ 20,009, a substituted pyrazolo[3,4-b]pyridine, 
is a potent inhibitor of rat brain Form I1 (213). Being 
considerably more potent on brain phosphodiesterase 
than on the heart, lipocyte, or adrenal enzymes (213), 
it is perhaps not surprising that it possesses marked 
antianxiety activity (297). 


Two close relatives of SQ 20,009 also possess the 
pyrazolopyridine skeleton. SK 20,006, which lacks 
only the 4-isopropylidine moiety, was less potent 
than SQ 20,009 on rat brain and rat adrenal phospho- 
diesterase but more potent on the rat lipocyte en- 
zyme (213). The 4-ethylthio analog, SQ 65,442, was 
more potent than theophylline on cockroach brain 
Form I1 (35). 


The bronchodilator-vasodilator compound known 
generically as quazodine is an effective inhibitor of 
phosphodiesterase from a number of tissues. I t  has a 
pharmacological profile similar to that of theophyl- 
line and was approximately twice as potent as the lat- 
ter on phosphodiesterase from bovine thyroid (301) 
and a variety of rabbit tissues (176); it was more than 
6 times as potent as theophylline on the enzyme from 
bovine brain (176) and 16 times more potent on 
human platelet Form I (318). 


The interesting diuretic properties of MJ 8592-1, 
an indolylindoline (376), prompted a study of its ac- 
tivity on phosphodiesterase. Although it was not 
especially potent on phosphodiesterase from a vari- 
ety of guinea pig and rat tissues, it preferentially in- 
hibited the kidney enzyme in both species. This se- 
lective inhibition of phosphodiesterase was proposed 
as a mechanism for the diuretic effects of MJ 8592-1 
(175). 


CEIP, CDIP, and a pyridylmethyl analog are imid- 
azo[4,5-b Ipyrazine derivatives which were studied as 
hypotensives and inhibitors of phosphodiesterase 
(366). CEIP, which also has bronchodilator, cardiac 
stimulant, and peripheral vasodilator properties, is 
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Table XXIII-Miscellaneous Purine and Pyrimidine Bases, Nucleosides, and Nucleotides 


Inhibitor Phospho- 
Concentration, diesterase 


Name Potency * Enzyme Source moles/liter Form Reference 


Purine 
Adenine 


6-H ydroxypurine 
6-Dimethylaminopurine 


Puromycin 
M ercap topurine 


Guanine 
H ypoxanthine 
Xanthine 


Purine riboside 
Adenosine 


Deoxyadenosine 


2-Fluoroadenosine 
Guanosine 


Desoxyguanosine 
Inosine 


Xan t hosine 


Thymidine 
Uridine 
C ytidine 


5'-GMP 
5'-AMP 
5'-IMP 
ATP 
ADP 


Inactive 
3OC 
52c 
4&,9 
1 o c  
200* 
25',g 
Inactive 
19c 
21c.h 
55c 
59c-f 
24= 
3 1 ~ * ~  
2@ .h 
24c 
33c.o 
1 o c  
43= 
73= 
342b 
23c.0 
1 o c  
24= 
162b 
14c 10 


22= J 
15O 10 
&dl 


Activates 
Inactive 
Inactive 
1% 
18C 


Bases and Derivatives 
Toad bladder epithelium 
Rat skeletal muscle 
Rat adipose tissue 
Beef heart 
Toad bladder epithelium 
Rat  skeletal m6scle 
Isolated rat fat cell 
Rabbit skeletal muscle 
Rabbit skeletal muscle 
Rabbit skeletal muscle 
Rat  diaphragm 
Rat  diaphragm 
Human platelets 
Human brain 
Beef heart 
Rat  skeletal muscle 
Rat skeletal muscle 


Rat  skeletal muscle 
Rat  fat cells 
Toad bladder epithelium 
Rat  adipose tissue 
Beef heart 
Rat skeletal muscle 
Rabbit skeletal muscle 
Pea seedlings 
Mouse brain 
Rat  fat cells 
Rat fat cells 
Rat  adipose tissue 
Mouse brain 
Rat fat cells 
Rat fat cells 
Rat fat cells 
Rat adipose tissue 
Beef heart 
Mouse brain 
Mouse brain 
Rat  skeletal muscle 
Rat  adipose tissue 
Toad bladder epithelium 
Mouse brain 
Rat skeletal muscle 
Rat adipose tissue 
Rat adipose tissue 
Rat  adipose tissue 
Rat adipose tissue 


Beef heart 
Beef heart 
Beef heart 
Toad bladder epithelium 
Toad bladder epithelium 


Nucleosides 


Nucleotides 


5 x 10-3 
- 


1 x 10-2 
1 X 10-3 


2.25 x 10-3 
- 


1 x 10-3 
1 x 10-3 
1 x 10-3 
1 x 10-3 


1 x 10-3 
1 x 10-3 
1 x 10-3 


- 
- 


- 


- 
1 x 10-3 
5 x 10-3 


1 x 10-3 


1 x 10-3 
1 x 10-4 
1 XIO-3 


1 x 10-3 


1 x 10-3 
7 x 10-5 
7 x 10-5 
5 x 10-4 
2 x 10-3 
1 x 10-3 
1 x 10-3 
1 x 10-3 


2 x 10-3 
5 x 10-3 
1 x 10-3 


1 x 10-2 


- 


7 x 10-6 


1 x 10-2 


- 


- 
2 x 10-3 
1 x 10-2 
1 x 10-2 
1 x 10-2 


1 x 10-3 
1 x io-3 
1 x 10-3 
5 x 10-3 
5 x 10-3 


I 379 
I 380 
I 381 


I1 199 


I 222 
I 380 
I 380 


I 
I1 
I 


380 
383 
379 


I 381 
I 222 
I 380 


I1 199 
I1 74 
I 185 


I1 384 
TT 384 


I 186 
T 380 


T 381 - ~~ 


I 381 
I 381 
I 381 


I 222 
T 222 - ~~ 


I 222 
I 379 
I 379 


* See footnote to Table VI. 


reportedly 2-5 times more potent than theophylline 
as an inhibitor of phosphodiesterase from several 
sources; ex vivo it produced up to a 10-fold increase 
in the cyclic AMP content of rat heart. Analogs of 
CEIP with more basic substituents were generally 
less potent (182). Although CDIP is less active than 
theophylline as a phosphodiesterase inhibitor in 
vitro, its in vivo vasodilator and bronchodilator ac- 
tivities are of interest (182). 


Several structurally related series of fused-ring 
heterocycles were recently reported as inhibitors of 
phosphodiesterase (368-371, 377). A number of 3,5,7- 
trisubstituted pyrazolo[1,5-~]pyrimidines were con- 
siderably more potent than theophylline as inhibitors 


of Form I1 from rabbit lung and beef heart (368). One 
member of this series, ICN 3009, was reported to 
have interesting cardiotropic properties (267). Mem- 
bers of a series of 6-carbethoxy-3,7-disubstituted py- 
razolo[ 1,5-a]pyrimidines were also considerably 
more potent than theophylline on Form I1 from rab- 
bit lung and rabbit kidney (370). 


Many members of a series of 2-aralkylthio-s -tria- 
zolo[l,5-a ]pyrimidines showed significant activity on 
Form I1 of rabbit lung and kidney (369). Various 
3,5,7-trisubstituted pyrazol0[1,5-~]-1,3,5-triazines 
were found to be 50-150 times more active than theo- 
phylline on Form I1 from rabbit lung (371); some ex- 
hibited a specificity toward lung enzyme and several 
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were more potent as inhibitors of cyclic AMP phos- 
phodiesterase than of cyclic GMP phosphodiesterase 
(377). 


ICI 58,301 is a sym -triazolo[4,3-a Ipyrazine deriva- 
tive and a potent inhibitor of bovine heart Form I in 
uitro (372, 373); preliminary ex uiuo experiments 
with orally dosed guinea pigs indicated greater selec- 
tivity for the lung than for the heart enzyme. The ef- 
fects of ICI 58,301 in reducing the degree of bron- 
chospasm in guinea pigs could be attributed to in- 
creased levels of cyclic AMP due to phosphodiester- 
ase inhibition (373). 


Chromonar, a coronary vasodilator, is a coumarin 
derivative with inhibitory properties on Form I from 
rat heart (291, 374) and beef coronary artery (94, 
325). A metabolite6 of chromonar is only weakly ac- 
tive on the rat heart enzyme (291,374). 


Three lipolytic agents of widely differing structure 
(Compounds A, B, and C, Table XXII) have shown 
activity on Form I from rat adipose tissue (375). 


Two benzo[b Ithiophene derivatives, 5-chloro-3- 
(2-dimethylaminoethyl)benzo[b]thiophene hydro- 
chloride and N-(4-bromobenzo[b] thien-2-y1)guani- 
dinium p -toluenesulfonate (not tabulated), are rep- 
resentatives of a number of benzo[b Ithiophene deriv- 
atives with secondary or tertiary amine side chains 
which reportedly show marked noncompetitive inhi- 
bition of ox heart Form I(378). 


Miscellaneous Purine and Pyrimidine Bases, Nu- 
cleosides, and Nucleotides -Table XXIII includes a 
number of miscellaneous nucleoside derivatives that 
are frequently present or added to incubation 
mixtures where phosphodiesterase activity is mea- 
sured. Their effects on phosphodiesterase assays are 
often disregarded, in spite of their sometimes strong 
inhibitory actions on the enzyme. 


CONCLUSIONS 


A brief exposure to the structure-activity relation- 
ships of phosphodiesterase inhibitors might tempt 
one to conclude that all useful drugs inhibit phospho- 
diesterases. While this is certainly not the case 
(296-298), there appears to be a correlation, if not a 
causal relationship, between the in uitro phosphodi- 
esterase activities of a great many drugs and their in 
uiuo effects. It is obvious, after scanning the tabulat- 
ed material, that no single structural skeleton or moi- 
ety is sufficient to confer the action of phosphodies- 
terase inhibition on a substance, Rather, it is clear 
that compounds of widely differing structures may 
show phosphodiesterase inhibition. It is, however, 
also readily apparent that certain structural moieties, 
particularly amidine (N-C=N), guanidine [N- 
C(=N)-N], amidrazone (N-N-C=N), and 3,4- 
disubstituted phenethylamine, which appear so fre- 
quently in useful drug entities, are also common to a 
great many inhibitors of phosphodiesterases. 


This preponderant phosphodiesterase inhibition 
among various drug classes is perhaps not unexpect- 
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ed since cyclic nucleotides appear to be involved in 
the control of nearly all facets of cellular activity and 
metabolism in both healthy and disease states. The 
cyclic nucleotides, therefore, understandably present 
a worthy target for the action of drugs. The associa- 
tion between drugs and cyclic nucleotides is strong 
and vital to the successful mission of both in main- 
taining health. 
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Decomposition of p -Aminosalicylic Acid in the 
Solid State 


J. T. CARSTENSEN” and PAKDEE POTHISIRI 


Abstract 0 Aminosalicylic acid was used as a test substance to 
show that a solid-state decomposition governed by nucleation ki- 
netics can give rise to  first-order kinetics. The effect of sorbed 
moisture at  a low degree of coverage was tested. Sorbed moisture 
theories proposed previously apply when it is realized that the rate 
constants in the presence of the sorbed layer may differ from the 
values of these parameters under anhydrous conditions. 


Keyphrases 0 Decomposition-aminosalicylic acid in solid state 
giving rise to first-order kinetics, sorbed moisture theories dis- 
cussed Aminosalicylic acid-decomposition in the solid state, 
first-order decomposition patterns 0 Stability-decomposition of 
aminosalicylic acid in solid state, sorbed moisture theories dis- 
cussed, first-order decomposition patterns 0 Moisture-decom- 
position of aminosalicylic acid in solid state 


The problems of stability of solid dosage forms 
have been discussed, although not with great fre- 
quency, in the pharmaceutical literature. Reference 


is made in this report to two basic articles (1, 2). For 
more complete references, the reader is referred to 
reviews on the subject (3 ,4) .  


The problem of how to extrapolate pharmaceutical 
stability data is of importance in excess determina- 
tion and in label statements on expiration dating; to  
this end, it is necessary to know prior to extrapola- 
tion [or to determine from the data (511 if the decom- 
position is zero or first order. 


The stability of the drug without excipients and 
the stability of the drug in the presence of moisture 
(6) (but no other excipients) throw some light on the 
theoretical order of reaction and the actual mode of 
decomposition. In the absence of moisture, topo- 
chemical- and nucleation-governed reactions occur 
(3 ,7 ,8) ;  of these, some topochemical patterns may be 
approximated by first-order decay (3, 9). In the ab- 
sence of moisture, the more common decomposition 
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Fluorometric Assay of Bethanidine in Plasma 


C. N. CORDER", T. S. KLANIECKI, R. H. McDONALD, Jr., and 
C. BERLIN 


Abstract A fluorometric method for determining bethanidine in 
blood plasma is described. The bethanidine is extracted into chlo- 
roform, a drug-dye complex with eosin Y is formed, and the fluo- 
rescence is measured (excitation, 535 nm; fluorescence, 560 nm). 
The assay detects 0.02 &f bethanidine (4 ng/ml) in plasma. The 
relative fluorescence of several body constituents and antihyper- 
tensive drugs is negligible. The plasma levels of bethanidine in 
four hypertensive patients receiving this drug were measured. 


Keyphrases Bethanidine-fluorometric assay in plasma, com- 
plexed with eosin Y Fluorometry-analysis, bethanidine in plas- 
ma 


Bethanidine is a new antihypertensive drug of the 
guanidine class (1). It is an adrenergic depleting 
agent similar to guanethidine, but the effect is of a 
shorter duration. Most potent antihypertensive com- 
pounds, including bethanidine, exhibit considerable 
variation in the dose necessary for acceptable control 
of blood pressure in different individuals. A simple 
fluorometric assay for bethanidine in plasma was de- 
veloped in the present study. Bethanidine is extract- 
ed from plasma into chloroform, and the fluorescence 
then is determined using a drug-dye complex formed 
with eosin Y. This simple fluorometric assay will 
make it possible to study blood levels and phar- 
macokinetic parameters of bethanidine in hyperten- 
sive patients and to correlate blood levels with thera- 
peutic efficacy. 


EXPERIMENTAL 


Analytical grade chloroform' stabilized with 0.75% ethanol was 
used without purification. The commercial source was important. 
Eosin Y2 was stored in 0.1 M sodium phosphate buffer, pH 7.4, 
and was stable indefinitely. Bethanidine3 was chromatographically 
and spectrophotometrically pure. Radioactive "C-bethanidine4 
(2.37 mCi/mmole) labeled at the benzyl carbon was purified by 
TLC on precoated silica gel plates5. In an ascending solvent system 
of butanol-acetic acid-water (31:1), the developing time was 6 hr 
at 25'. Unlabeled and '*C-bethanidine had an R/ value of 0.53. 
There was a radioactive contaminant, Rf.0.57, in the l*C-bethanid- 
ine. The 0.53 band was extracted into chloroform which then only 
contained 14C-bethanidine. Fenfluramine3, guanethidine6, spiro- 
nolactone7 and its diethioacetylated-A6 derivatives, hydrochlo- 
rothiazideg, and benzthiazide3 were analytically pure. All other 
chemicals, reagents, and materials were of reagent gradelo. 


Radioactivity was determined by liquid scintillation". Plasma 
or urine (0.2-0.5 ml) was mixed with 1.5 ml of solubilizer. Then 0.5 


Mallinckrodt Chemical Co., St. Louis, Mo. 
Aldrich Chemical Co., Milwaukee, Wis. 
A. H. Robins Co., Richmond, Va. 
New England Nuclear Corp., Boston, MA 02118 
E. Merck A. B., Darmstadt, German 


Ciba Pharmaceutical Co., Summit, NJ 07901 
Lot SC-9420, G. D. Searle & Co., Chicago, Ill. 


Merck & Co., West Point, Pa. 


6 Lot L-5746, [2-(hexahydro-l-(W~~azocinyl)ethyl]gidine sulfate, 


8 CPD No. SC-9376, Lot MAE-2604, G. D. Searle & Co., Chicago, Ill. 


lo Fisher Scientific Co., Pittsburgh, Pa. 
11 Soluene-100 diluted 1:l in isopropanol or Instagel in 0.5 N HC1 9 1  for 


scintillation, Packard Instruments Co., Downers Grove, IL 60515 


ml of 30% H202 was introduced an' allowed to incubate 30 min at  
23'; finally, 15 ml of scintillation mix was added. Quenching was 
corrected by introducing 14C-bethanidine as an internal standard 
after the initial counting. 


Four hypertensive patients (age 45-52, weight 60-76 kg, three 
female and one male) were maintained on 50 mg of benzthiazide 
twice daily and 20 mEq of potassium chloride for 1 week before 
and during the bethanidine study. The patients gave informed 
written consent. A t  the first dose of bethanidine, they had a supine 
systolic blood pressure of 183 f 16 mm Hg and a diastolic pressure 
of 119 f 12 mm Hg. The patients are representative of a larger 
group under investigations for blood levels and pharmacokinetic 
parameterq12. From a therapeutic standpoint, the bethanidine was 
given three times daily a t  varying doses and i t  was necessary to re- 
duce the benzthiazide to 50 mg daily after 1 month. 


Venous blood was collected in chilled 7-ml draw vacutainer 
tubes containing 10.5 mg ethylenediaminetetraacetic acid for plas- 
ma or into vacutainer clot tubes for serum and stored on ice. Pre- 
liminary studies utilized heparin tubes, which gave slightly higher 
blanks (2). Within 1 hr, the samples were centrifuged at 2000Xg 
for Ip min and the supernates were transferred to specially cleaned 
test tubes and stored at -9OO. The temperature and time were not 
critical for the bethanidine assay, but these conditions preserved 
the samples for analyses of other labile constituents. 


Steps 1-111 of the assay were carried out in 1.6 X 14-cm, specially 
cleaned, glass-stoppered tubes protected from light with alumi- 
num foil. The tubes and glassware were cleaned by boiling for 15 
rnin in 0.1 N NaOH, rinsing, boiling for 15 min in 10% HCl, rinsing 
in yater, boiling in distilled water for 15 min, rinsing three times in 
double-distilled water, and finally drying a t  room temperature. 
Furthermore, all steps (I-IV) were done in a cool (23-25') dimly 
lighted room; the sample analyses were uniformly timed, within 
and between steps, to minimize adverse effects of chloroform deg- 
radation and of air and light exposure on net fluorescence and sen- 
sitivity. Reagents were prepared with double-distilled water. 


Step I-The sample (2 ml) and 0.4 ml of 0.5 M sodium borate 
buffer, pH 10.5, are mixed and then 10 ml of chloroform is intro- 
duced. The tubes are tightly stoppered and wrapped in aluminum 
foil. Extraction is carried out for 10 rnin on a mechanical circular 
agitator. The stoppered samples are centrifuged at 500Xg at  23' 
for 10 min; the upper aqueous portion contains an opalescent 
upper layer and a particulate layer a t  the chloroform interface. 


Step 11-The opalescent laye~( l .5  ml) is transferred to a second 
tube containing 0.2 ml of 5 N NaOH, and then 7 ml of chloroform 
is added. The mixture is agitated and centrifuged as before. 


Step 111-The aqueous layer is aspirated and discarded, and 5 
ml of the chloroform layer is transferred to a third tube containing 
1 ml of 4 X M eosin Y in 0.1 M sodium phosphate buffer, pH 
7.4. The mixture is agitated and centrifuged as before. 


Step IV-Fluorescence is measured13 in 10 X 10 X 44-mm cells 
in a darkened room. Approximately 0.5 ml of the upper aqueous 
eosin layer is aspirated into a 5-ml pipet, and the tip is lowered to 
aspirate 3 ml of the chloroform layer containing the bethanidine- 
eosin complex. The contents of the pipet are transferred to the cell 
in such a way that the chloroform layer enters followed by the 
eosin layer; the chloroform layer must be completely covered by 
the eosin layer. The light path of the cell is visually inspected for 
small droplets of eosin, which can interfere with the recording. The 
fluorescence is determined at 560 nm with excitation at  535 nm. 
Readings must be made immediately after the sample is placed 
into the fluorometer due to rapid decay of fluorescence in the exci- 


l2 AHR-3050-15 Metabolic Disposition of Bethanidine, A. H. Robins Co., 


l3 MK1 spectrofluorometer-magnetic xenon arc stabilizer, Farrand Opti- 
Richmond, Va. 


cal Co., Valhalla, NY 10595 
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Figure 1-(a) UV absorption spectrum of bethanidine sulfate in water at 23". (b) Fluorescence excitation and emission spectrum 
of the bethnnidine-eosin complex in chloroform. Bethanidine (0.7 m M )  in 0.4 mM eosin, pH 7.4, was extracted into 5 volumes of 
chloroform (Steps 111 and I V ) .  


tation light path (t1/2 = 2 min). The machine is standardized to a 
preset value before each individual reading with a sealed 1 pM 
aqueous eosin solution to eliminate small errors due to machine 
drift. The fluorescence of the eosin reference solution decays with 
a half-time of approximately 2 weeks. 


Concentrations of bethanidine were calculated as follows. The 
water blank was determined daily (in triplicate) by adding 0.4 ml 
of borate buffer to 2 ml of water in Step I and assayed to  give F1. 
The fluorescence equivalent to 1.0 pM bethanidine in water was 
also determined in triplicate daily by using 0.4 ml of 5 pM bethani- 
dine in borate buffer (diluted from 2.5 mM bethanidine in water 
stored at 4O for up to 9 months) to give Fz. The patient's pre- 
bethanidine plasma blank was determined from the fluorescence 
(Fd of borate added to plasma. This plasma blank value was not 
repeated and was taken to represent the patient's blank through- 
out therapy (Eq. 1): 


(Eq. 1) F.3 - Fl micromolar in patient blank = ~ 


F, - F ,  


The apparent extraction efficiency (AEE) was determined in 
triplicate on each patient's prebethanidine plasma: 


percent AEE = (u) x loo 
F? - *'I 


(Eq. 2) 


Bethanidine in borate buffer was added to 2 ml of plasma (it is 
not necessary to preincubate) and assayed to give F4. The appar- 
ent  extraction efficiency was calculated and used to correct subse- 
quent analyses on the patient's plasma, if necessary. The apparent 
extraction efficiency was 95 f 2% for four patients; if ignored, i t  
would not have much effect on the calculations. The bethanidine 
levels in the plasma of patients receiving bethanidine were deter- 
mined in duplicate from the fluorescence (Fd of plasma added in 


Step I and calculated from: 


micromolar = 


[ (H) - micromolar in patient blank ] ( i F E )  - (Eq' 3, 


I t  should be kept in mind that due to variable factors that  affect 
fluorescence, the F1 and Fz in Eqs. 1 and 2 will be different from 
the F1 and F2 of Eq. 3 unless F3, F4, and F g  are all determined on 
the same run. 


RESULTS 


Radioactive 14C-bethanidine (1 pM) in 0.1 N NaOH was extract- 
ed with chloroform by shaking the mixture in a stoppered test tube 
for 5 min. The chloroform layer was taken to dryness under nitro- 
gen, and the radioactivity was determined. An aqueous chloroform 
ratio of from 1:4 to 1% gave a maximal extraction efficiency of 90%. 
Thus, in Steps I and 11, a ratio of 1:5 was selected for the assay. In 
a second experiment, with this ratio of 1:5 less than 5% of the 
bethanidine was extracted into aqueous solutions with varying pH 
of 6-10. Above pH 10, the percentage of bethanidine extraction 
was maximal by pH 13.5. This finding is compatible with the high 
pKa of guanidine compounds (3). 


In  a third series of experiments, plasma containing no bethanid- 
ine and with varying pH of 6-13.5 was similarly extracted with 
chloroform. The chloroform extract was then subjected to the fluo- 
rescence development and measurement of Steps I11 and IV. The 
plasma blank was maximal below pH 8.0 and was unchanged a t  pH 
9 and above. Thus pH 9.5-10.0 was chosen for Step I to extract 
maximally fluorescence material in the blank without losing 
bethanidine; pH 13.5 was chosen to extract maximally bethanidine 
in Step 11. 
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Figure 2-Linearity of bethanidine-eosin fluorescence. Beth- 
anidine sulfate in water was assayed by the standard procedure. 
A similar curve was obtained for bethanidine in plasma. 


The UV absorption spectrum exhibited by bethanidine sulfate 
in water is depicted in Fig. la.  The molar extinction was too low 
for a sensitive assay utilizing absorption spectroscopy. 


The fluorescence of the bethanidine-eosin complex (Fig. l b )  
provided the necessary sensitivity for a chemically useful assay. 
Eosin has been complexed previously with alkaloids and quater- 
nary ammonium compounds (4). The bethanidine-eosin complex 
formed a t  pH 7.4 in Step 111 is the most stable when measured flu- 
orometrically in Step IV. The fluorescence is greater up to  pH 8.0 
and is less below 7.4. The concentration of eosin may be varied, but 
4 X 


In performing Steps I-IV, several precautions are necessary for 
reproducibility. Clean glassware is essential. Eosin may undergo 
quinoid-lactoid transformation (5). Chloroform is unstable in al- 
kali (6). The fluorescence of the blank increases progressively as 
contact time with alkaline solutions is prolonged, and at the same 
time the net fluorescence exhibited by the bethanidine-eosin com- 
plex decreases. The mechanism may be due to the degradation 


Table I-Relative Fluorescencea 


M gives sufficient sensitivity with an  acceptable blank. 


Concen- Relative 
Compound t ra t ion Fluorescence 


Bethanidine (n = 16) 
Guanethidine 
H ydrochlorothiazide 
C hlorothiazide 
Benzthiazide 
Urea 
Creatinine 
Uric  acid 
Spironolactone 
Spironolactone metabol i te  


(dethioacetylated h6- 
derivative) 


Probranolo1 
Aspirin 
Fenfluramine 


1 M M  
1 FM 


10 pM 
10 pM 
10 pM 
40 m M  


1 m M  
0 . 3  m M  


1 PM 
1 PM 


10 pM 
0 . 3  m M  


10 pM 


1.00 (0 .02)  
0 .75 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 


~~ 


The compounds were dissolved in water and carried through the stan- 
dard assay. Relative fluorescence is expressed as the net fluorescence of the 
teat substance in the assay compared to the net fluorescence of 1 pM beth- 
anidine. The fluorescence in parenthesis is the standard deviation. 


1 m a  Bethonidine 25 ma, Bethanidhe 
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Figure 3-Bethanidine in plasma. Bethanidine was admin-  
istered orally to patients a t  the times indicated (see text). 


products of chloroform, but it has not been determined whether 
the fluorescence fails to develop or whether instead the developed 
fluorescence becomes extremely labile on exposure to light. Meth- 
ylene chloride and ethylene dichloride were not acceptable substi- 
tutes for chloroform. The assay is more reproducible when con- 
ducted in a dimly lighted room and with aluminum foil-covered 
tubes. 


The fluorescence in Step IV is stable in the dark for about 2 hr, 
but it is very labile in the excitation light path of 535 nm ( t 1 / 2  = 2 
min); i t  can be recovered with a t 1 / 2  of 20 rnin by allowing the 
bethanidine-eosin complex to stand in darkness. If the chloroform 
layer in Step IV is exposed to air, the fluorescence irreversibly de- 
cays ( t 1 / 2  = 30 min). The 0.75% ethanol used as a stabilizer in the 
commercially available chloroform is optimal for the assay, and the 
commercial source is important. Several other sources of chloro- 
form gave high blanks and low net fluorescence. The fluorescence 
is not affected between 10 and 30°, but  a t  4" the chloroform be- 
comes supersaturated and aqueous droplets form. Other studies 
have also revealed a flat temperature coefficient for eosin in water 
(7). The entire assay should be uniformly timed within and be- 
tween steps. Usually 16 samples can be analyzed in about 3 hr. 


The fluorescence of 0-1 fiM bethanidine in water is shown in 
Fig. 2. I t  is linear up to 10 p M  bethanidine in water or plasma. The 
small daily variation in fluorescence of the complex is corrected by 
a standard of bethanidine in each run. The standard deviation of 
the net fluorescence of bethanidine in a single assay (n = 16) is 2%. 
The fluorescence of the reagent blank averaged 0.17 f 0.02 pM, 
and the plasma blank in six patients was 0.14 f 0.05 pM bethani- 
dine. One can reproducibly detect about 0.02 p h 4  (4 ng/ml). The 
assay readily detects guanethidine (Table I); however, the known 
metabolites of guanethidine have not been subjected to the assay. 
The fluorescence of some body constituents and drugs was also ex- 
amined. 


To compare the fluorornetric assay with the radioactive assay, 
radioactive 14C-bethanidine was given intravenously ( 1  pmole/kg) 
to an 11.2-kg male monkey (Macnca mulatta). The solution was 
standardized by radioactivity and fluorometry. The blood level of 
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bethanidine a t  22 min was 1.01 pM as determined by both assays. 
Although the radioactive t1/2 in plasma was 27 min with a pro- 
longed phase of 4 hr, there was insufficient plasma for the fluoro- 
metric assay. Previous reports concerning cats and hymans have 
not revealed any metabolites of bethanidine (8,9). This matter has 
not been evaluated in chronic therapy, but the metabolites of 
bethanidine apparently do not interfere with the assay. 


A study on hypertensive patients receiving bethanidine is un- 
derway in this laboratory. Bethanidine levels in plasma, correla- 
tion with efficacy during acute and chronic therapy, and phar- 
macokinetic parameters are being determined. Blood levels in four 
patients who received orally 10 mg followed by 25 mg were variable 
(Fig. 3). The values demonstrate that the fluorometric assay is 
readily applicable to analysis of blood levels under clinical condi- 
tions. After 3 weeks of therapy at  an average dose of 20 mg given a t  
8 am, 2 pm, and 8 pm, the levels in the four patients were 0.39 f 
0.16 pM. Subsequent studies indicated that the therapeutic range 
on various dose levels is about 0.3-1.8 pM when determined 2 hr 
after the afternoon dose of drugI4. 


DISCUSSION 


This simple fluorometric assay of bethanidine is sufficiently sen- 
sitive for application in controlled clinical studies of bethanidine 
blood levels. Numerous drugs have been complexed previously by 
similar methods (4, 10). While several other dyes were examined in 
this study, only eosin Y was acceptable. This assay is not absolute- 
ly specific for bethanidine. However, under controlled conditions 
in which interfering substances (i.e., guanethidine) are not admin- 
istered and the differential extraction procedure is used, the assay 
is relatively specific. 


Other assays for bethanidine have been described. I t  has been 
measured in urine with the alkaline hypobromite reaction (9). The 
reaction has a sensitivity of about 44 pM bethanidine, in contrast 
to 0.02 WM for the present fluorometric study. Another method for 
urine analyses utilized column chromatography followed by com- 
plexation of bethanidine with bromcresol green, and it had a limit 
of sensitivity of approximately 10 pM (11). 


An elaborate method for urine and plasma involved a multistep 
extraction of the drug followed by GC (12). The final analysis was 
by flame ionization and multiple-ion detection. Bethanidine in 
plasma was not reported; however, guanethidine in plasma a t  0.04 
pM (20 ng/ml) gave a standard deviation of 9%. Assuming bethani- 


I4 Unpublished data. 


dine acted similarly in that method, the sensitivity would be in a 
range approaching the fluorometric method. 


Bethanidine is utilized in the therapy of severe hypertension 
and in acute exacerbations of blood pressure such as may occur in 
cerebrovascular accidents. The availability of the fluorometric 
assay described here should be valuable in pharmacokinetic and 
other clinical studies of this drug. In cases where antihypertensive 
effects are inadequate, it can be utilized for determining blood lev- 
els so that the extent of absorption of the drug or the problem of 
patient compliance can be examined. Six to eight samples can be 
analyzed in duplicate in about 3 hr by one person, and a minimum 
investment in equipment or technical assistance is required. 


REFERENCES 


(1) A. Boura and A. Green, Brit. J .  Pharmacol., 20,36(1963). 
(2) C. N. Corder, T.  Klaniecki, and R. H. McDonald, Phar- 


(3) G. Durant, A. Roe, and A. Green, Progr. Med. Chem., 7, 
macologist, 15,194(1973). 


124( 1970). 
(4) P. Laugel, C. R. Acod. Sci., 255,692(1962). 
(5) W. Orndorff and J. Hemmer, J.  Amer. Chem. Soc.. 49. . .  


i27i(i927). 
(6) J. Hine, ibid., 72,2438(1950). 
(7) S. Udenfriend, P. Zaltsman-Nirenberg, and G. Guroff, 


Arch. Biochem. Biophys., 116,261(1966). 
(8) A. Boura, W. Duncombe, R. Robson, and A. McCoubrey, J. 


Pharm. Pharmacol., 14,722(1962). 
(9) A. McCoubrey, ibid., 14,798(1962). 


(10) S. Udenfriend, “Fluorescence Assay in Biology and Medi- 


(11) C. McMartin, P. Simpson, and N. Thorpe, J. Chromatogr., 


(12) J. Hengstmann, F. Falkner, J. Watson, and J. Oates, Anal. 


cine,” Academic, New York, N.Y., 1969. 


43,72(1969). 


Chem., 46,34(1974). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 13, 1974, from the Department of Pharmacology 
and Medicine, School of Medicine, University of Pittsburgh, 
Pittsburgh, PA 15261 


Accepted for publication October 25,1974. 
Supported in part by a Pharmaceutical Manufacturers Associa- 


tion Research Starter Grant, National Institutes of Health Grant 
HE-54-67-13, and a grant from A. H. Robins Co. 


To  whom inquiries should be directed. 


788 J Journal of Pharmaceutical Sciences 








Received September 25,1974. 
Accepted for publication December 10,1974. 
Supported in part by the National Institute of Neurological Dis- 


eases and Stroke (NS 09302). 


Intestinal Bacterial Reduction of 
4,4’-Dihydroxystilbene to 
4,4’-Dihydroxybi benzyl 


Keyphrases o4,4’-Dihydroxystilbene-intestinal bacterial reduc- 
tion to 4,4’-dihydroxybibenzyl 4,4’-Dihydroxybibenzyl-intestin- 
a1 bacterial reduction from 4.4’-dihydroxystilbene 0 Metabolism- 
trans-stilbene, intestinal reduction of 4,4‘-dihydroxystilbene 


To the Editor: 


We previously reported the metabolic reduction of 
the ethylenic double bond in trans-stilbene to yield 
4,4‘-dihydroxybibenzyl to the extent of 2.1% in rabbit 
urine and 10.6% in guinea pig urine (1, 2). Continued 
studies in our laboratories have shown that rats ad- 
ministered trans-a-l4C-~tilbene intramuscularly in 
peanut oil excreted 4.1% of the dose as the bibenzyl 
compound in urine. These rat studies also have indi- 
cated that 40% of the original activity as compared to 
only 2.3% for rabbits is eliminated over 19 days in the 
feces. 4,4’-Dihydroxybibenzyl was detected by co- 
chromatography with a reference compound in TLC 
Systems I and 11’. It was the major metabolite in rat 
feces in a yield of 12.4% of the dose. 


These species differences, which are consistent 
with reports (3,4) that polarity and molecular weight 
determine the extent of biliary excretion in a given 
species, led us to postulate that biliary excretion and 
subsequent intestinal bacterial action are responsible 
for the reduction of the 4,4‘-dihydroxy metabolite of 
trans-stilbene to 4,4’-dihydroxybibenzyl. That is, the 
increased yield of the bibenzyl compound in the rat 
could be due initially to an increased biliary excre- 
tion of either 4,4’-dihydroxystilbene per SP or, more 
significantly, its glucuronide conjugate. It is of inter- 
est in this regard that enterohepatic circulation has 
been reported for the related compound, diethylstil- 
bestrol, with extensive excretion into rat bile as the 
monoglucuronide followed by hydrolysis and reab- 
sorption of diethylstilbestrol(5-7). 


Recently, Scheline (8) also postulated that 4,4’- 
dihydroxybibenzyl is produced through reduction by 
intestinal microflora. His conclusion was based upon 
a decreased yield of the bibenzyl compound in urine 
of rats treated with the antibiotic neomycin sulfate or 
by bile duct ligation prior to the administration of 
trans-stilbene. Our studies confirm this hypothesis 
by direct incubation of dihydroxystilbene in an intes- 
tinal microflora extract. 


Incubation studies were with 4,4‘-dihydroxy-a- 


1 TLC systems employed were: I, toluene-piperidine 152); and 11, ben- 
zene-methanol (9:l). TLC plates, 5 X 20 cm and 0.25-mm la er thicknesa, 
were precoated with silica gel F-254 (Brinkmann Instruments 80.). 


l4C-stilbene obtained by TLC (System I) of the phe- 
nolic fraction derived from an ether extract of en- 
zyme2-hydrolyzed urine of rabbits administered 
trans-a-’*C-stilbene. The dihydroxy compound, 
which cochromatographed with reference material in 
TLC Systems I and 11, was eluted from silica gel with 
methanol. This extract was concentrated, a few drops 
of polysorbate 80 were added, and the remaining 
methanol was removed before the sample was diluted 
to 1 ml with 0.1 M phosphate buffer (pH 7.4). An ali- 
quot (0.1 ml = 4300 dpm) of the polysorbate 80 sus- 
pension was added to 1 ml of the incubation medium 
previously described (9, 10). The intestinal bacterial 
extract for this mixture was obtained from the intes- 
tinal and cecal contents of male Sprague-Dawley 
rats, 250-300 g. After incubation at 37O for 24 hr 
under nitrogen, the mixture was quenched with 1 N 
HC1 (1 ml) and continuously extracted with ether for 
48 hr. Controls were prepared in the same manner 
except that the intestinal bacterial extract was auto- 
claved for 17 min at 121’ before addition to the sam- 
ple tubes containing substrate. 


Methanol solutions of the ether extracts of the 
control and test samples were investigated for trans- 
formations by TLC System I. Reference compounds 
cospotted with the methanol solution were visualized 
by quenching of the fluorescent TLC plates, while 
radioactive components were located using a radi- 
ochromatogram scanner3. Quantitation was by liquid 
scintillation counting of 0.64-cm (0.25-in.) strips from 
the TLC plates. 


The TLC results from sample incubations indicat- 
ed a yield of 14% of 4,4’-dihydroxybibenzyl a t  R f  0.40, 
but there was no indication of the reduced product 
with TLC of the control incubation. Thus, these in- 
cubation studies confirm the reduction by intestinal 
microflora of 4,4’-dihydroxystilbene and, together 
with reports (9 , l l )  of the reduction of cinnamic acids 
to phenylpropionic acids, establish the conjugated 
ethylenic bond as among the moieties (12) reduced 
by intestinal microflora. 
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REVIEWS 


Terpenoids and Steroids, Vol. 3. Senior Reporter, K. H. OVER- 
TON. Specialist Periodical Reports, The Chemical Society, Bur- 
lington House, London WIV OBN, England, 1973. 527 pp. 15 X 
22 cm. Price $12. (Orders should be addressed to The Publica- 
tion Sales Officer, The Chemical Society, Blackhorse Road, 
Letchworth, Herts., SG6 IHN, England) 
This is the third volume on terpenoids and steroids in a valuable 


series first published 3 years ago. The aim of the various series of 
Specialist Periodical Reports is to provide systematic, compre- 
hensive, and critical review coverage of progress in the major areas 
of chemical research. The various series are being published annu- 
ally or biennially on such topics as Amino Acids, Peptides, and 
Proteins; Alkaloids; Photochemistry; Foreign Compound Metabo- 
lism in Mammals; Carbohydrate Chemistry; and Biosynthesis. 


This volume does not contain a subject index but is organized in 
a systematic manner which facilitates finding any information 
being sought. The six pages in the Table of Contents outline this 
reference in detail. The chapters are divided into many sections 
which are identified in boldface type in the text as well as in the 
Table of Contents. These sections are further divided into subsec- 
tions. Chapter titles are found at  the top of every second page of 
the text. There is an author index which is helpful to those fol- 
lowing the research of a given individual. 


This review is illustrated with drawings of over 2500 chemical 
structures. It is documented with 1800 references which are listed 
a t  the bottom of the first page of each chapter where used. 


Part I, which covers the terpenoids, is divided into six chapters 
covering the usual chemical classes of terpenoids and a seventh 
chapter on biosynthesis of terpenoids and steroids. Pharmaceuti- 
cal scientists will find many sections of special interest, e.g., ana- 
lytical methods, biological activity, cannabinoids, and diterpene 
alkaloids. 


Part 11, which covers steroids, is divided into two large chapters. 
The chapter on steroid properties and reactions is divided into sec- 
tions based upon more common functional groups, a section on 
compounds of nitrogen and sulfur, and sections upon such impor- 
tant subjects as molecular rearrangements, stereochemistry and 
conformational analysis, functionalization of nonactivated posi- 
tions, and photochemical reactions. The chapter on steroid synthe- 
sis includes sections on oestranes, androstanes, pregnanes, choles- 
tanes, and total synthesis as well as  sections of special interest to 
pharmaceutical scientists which include insect and plant hor- 
mones, alkaloids, sapogenins, bufodienolides, and cardenolides. 


It is a credit to the eight reporters who wrote this volume that it 
is so well done. It meets the standards set by the Chemical Society 
for these “Reports.” Although this volume includes a comprehen- 
sive review of chemical studies of terpenoids and steroids, it de- 
votes no space to the isolation and structure determination of 
these substances from plant or animal sources. This was the only 
disappointment to the reviewer. 


Everyone interested in the chemistry of terpenoids and/or ste- 
roids should have access to this volume and others in the series. It 
would be a great time saver. The cost will tend, however, to  limit 


the distribution of this series to libraries and the more dedicated 
researchers and scholars in these fields. 


Reoiewed by Norman J. Doorenbos 
School of Pharmacy 
University of Mississippi 
University, M S  38677 


Reaction Mechanisms in Organic Analytical Chemistry. By 
KENNETH A. CONNERS. Wiley, New York, N.Y., 1973. xiii + 
634 pp. 14.5 X 22.5 cm. Price $18.50. 
Since the early 1950’s, when chemical kinetics became a popular 


tool for studying drug stability, there has been a need for a suitable 
graduate level text covering drug-oriented physical organic chem- 
istry and stressing kinetics and mechanisms in aqueous solutions. 
This problem has been made more acute by the trends of graduate 
level chemistry courses in these areas toward more sophisticated 
theoretical concerns a t  the expense of the subject matter most use- 
ful in pharmaceutical research and many other applied sciences. 
Some biochemistry departments have countered this trend by in- 
troducing in their programs new courses which make use of rela- 
tively recent books in the field of bioorganic mechanisms. While 
these are useful texts, they are not entirely appropriate for consid- 
ering either stability or analysis of drugs. 


Dr. Conners, a well-established author, has done an excellent job 
in providing a text on the kinetics and reactivity of organic func- 
tional groups in aqueous solutions for both the pharmaceutical and 
analytical chemist. Many examples used in the book are drugs. 
The book is well suited for self study or formal courses. There are 
13 chapters and each chapter is followed by practice problems. 


The book is unique in many ways. It presents the most compre- 
hensive section on pH-rate profiles that I have seen in a text to 
date. In this treatment, errors which are commonly made in the lit- 
erature are clearly pointed out. 


In yet another section, a unique summary of reactions used in 
organic analysis is provided. The book is comprehensive, clearly 
and skillfully written, well referenced (more than 1000 citations), 
and effectively organized. The chapter titles are: Introduction, 
Chemical Equilibria, Reaction Rates, Extrathermodynamic Rela- 
tionships, Selectivity, Sensitivity, Electrophilic Aromatic Substi- 
tution, Nucleophilic Aromatic Substitution, Nucleophilic Aliphatic 
Substitution, Addition to Carbon-Carbon Multiple Bonds, p- 
Elimination, Addition to Carbon-Heteroatom Multiple Bonds, 
and Acyl Transfer. 


In summary, I would highly recommend this book to anyone in- 
terested in the reactivity, analysis, or aqueous stability of organic 
functional groups. 


Reoiewed by Robert E. Notari 
College of Pharmacy 
Ohio State Unioersity 
Columbus, OH 43210 
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Submicrogram Assay for Scopolamine in 
Plasma and Urine 


W. F. BAYNE., F. T. TAO, and N. CRISOLOGO 


Abstract 0 A GLC-mass spectrometric method for scopolamine, 
sensitive to 50 pg/ml for a 4-ml plasma or urine sample, was devel- 
oped. The method used a deuterated internal standard to mini- 
mize variability in absolute recovery in the extraction procedure. 
Scopoline and deuterated scopoline were formed from the base- 
catalyzed hydrolysis of scopolamine and the internal standard and 
were analyzed as the heptafluorobutyrates, using a GLC-mass 
spectrometric system by monitoring the m/e 138 and 141 frag- 
ments, respectively. 


Keyphrases Scopolamine-submicrogram assay in plasma and 
urine, heptafluorobutyryl derivatives a GLC-mass spectrometry- 
analysis, scopolamine in plasma and urine 


Scopolamine, an anticholinergic drug, is a tropane 
alkaloid. The existing methods of assaying scopola- 
mine in biological fluids, such as GLC (1) and acid- 
dye techniques (2, 3), lack sensitivity when therapeu- 
tic doses are administered. The most definitive study 
on scopolamine and its metabolites in biological 
fluids and tissues involved the use of radioactively la- 
beled scopolamine in mice, rats, guinea pigs, and 
marmosets (4). This method was unsuitable for hu- 
mans. 


I t  was decided to develop a sensitive assay, using a 
stable isotope-substituted, internal standard in con- 
junction with GLC-mass spectrometry, that could be 
used to assay scopolamine in biological fluids after 
administration of an antinauseant dose. The method 
involved monitoring a fragment, produced under 
electron-impact ionization, of the heptafluorobutyryl 
derivative of scopoline (I). Scopoline was formed 
from the base-catalyzed hydrolysis of scopolamine. 


Walle and Ehrsson (5) previously made the hepta- 
fluorobutyryl derivative of tropine, a hydrolysis 
product of atropine, in a study of the electron-cap- 
ture responses of amino and alcoholic compounds. 
Blake et al. (6) recently used the diheptafluorobutyr- 
yl and dipentafluoropropionyl derivatives of 2-hy- 
droxymethyltropine, formed through lithium alumi- 
num hydride reduction of cocaine, to monitor cocaine 
indirectly in horse urine by electron-capture detec- 
tion. 


The pharmacokinetics of amphetamine and phen- 
termine have been investigated by GLC-mass spec- 
trometry, using trifluoroacetyl derivatives and deute- 
rium-substituted analogs as internal standards (7). A 
similar approach was developed for homovanillic acid 
in cerebrospinal fluid, using the pentafluoropro- 
pionyl derivatives of the methyl ester of homovanillic 
acid (8). Homovanillic acid was assayed both by 
GLC-mass spectrometry, with the trideuterated 
methyl ester as an internal standard, and by elec- 
tron-capture detection, with a homolog of homovanil- 
lic acid as the internal standard. As has been pointed 
out previously, some fluorinated acyl derivatives are 


readily adapted to both GLC-mass spectrometry and 
electron-capture detection studies because of favor- 
able chromatographic properties in the subnanogram 
range (9). 


The heptafluorobutyryl derivative of scopoline was 
used not for its sensitivity toward electron-capture 
detection but because i t  chrbmatographed well a t  the 
picogram level and showed a favorable fragmentation 
pattern under electron-impact ionization. The use of 
the deuterated internal standard for selective ion 
monitoring negated the necessity of finding an inter- 
nal standard with similar partitioning properties; but 
with different retention times, which would have 
been required if electron-capture detection was used. 
Also, the use of “windows” (selective ion monitoring) 
in the GLC-mass spectrometric method greatly re- 
duced the problem of biological interferences as com- 
pared to electron-capture detection. 


EXPERIMENTAL 


Materials-A GLC quadrupole mass filter system’, in conjunc- 
tion with an automatic peak selector’, was used in the assay. An 
electron energy of 30 ev and an ionization current of 0.5-1.0 mamp 
were employed. The automatic peak selector was wired so that 
only two channels were used, maximizing the signal-to-noise ratio. 
The m / e  138 fragment of I and theimle 141 fragment of the hepta- 
fluorobutyryl derivative of trideuteromethylscopoline (II) were 
monitored. 


The sampling time was 10 msec. A preamp filter of 300 amu/sec 
and 30 p F  capacitance for the output signal for each channel were 
used. It was sometimes necessary to use between 10 and 30 mv 
bucking for the 141 channel as compared to the 138 channel when 
small amounts of internal standard were used because of the inher- 
ent background within the system. 


Glass columns, 1.8 m (6 ft), 2 mm i.d., were silanized and packed 
with either 3% OV-17 on Gas Chrom $2 (100-120) or 1% OV-225 
on Gas Chrom Q2 (100-120). Plasma samples were chromato- 
graphed on 3% OV-17 at  95O at  a flow rate of 30 ml/min, while 
urine samples were chromatographed on 1% OV-225 under similar 
conditions. The retention time of I was 2.5 min on the former col- 
umn and 2.2 min on the latter column. OV-225 invariably resolved 
peaks, which occasionally occurred in urine samples, from I that 
were not resolved with OV-17. Also, a reduction in column temper- 
ature could be used to improve resolution of I from peaks endoge- 
nous to the urine samples if blanks suggested the possibility of in- 
terferences. However, this was rarely necessary. Plasma samples 
were chromatographed on 3% OV-17 since there were no interfer- 
ing peaks and this column bled less than did the OV-225. 


Cylindrical separators (30 or 60 ml), with Teflon valves and 
stoppers, and 13-ml centrifuge tubes were used. The glassware was 
silanized with 5% dimethyldichlorosilane2 in pyridine for 4 hr. The 
glassware was then washed with toluene, methanol, and methylene 
chloride and dried at  80°. The glassware was used up to 15 times 
before resilanization. After being used in an assay, the glassware 
was washed with laboratory detergent, methanol, and methylene 
chloride. The cylindrical separators and centrifuge tubes, together 
with the Teflon stoppers, were shaken vigorously with methanol 


I Model 1015 Finnigan Corp., Sunnyvale, Calif. * Applied Science Laboratories, Inc., State College, Pa. 
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2 m l  of 1 M carbonate 
buffer (PH 9.75) 15-30 ml of meth- 
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Scheme I-Flow diagram of extraction procedure 


and methylene chloride and dried just prior to performing an 
assay. 


Synthesis of (-)-Scopolamine-(N-CDS) Hydrobromide Hy- 
drate-The deuterated compound was synthesized by the method 
of Schmidt et al. (11) who synthesized (-)-~copolamine-(N-’~CH3) 
hydrobromide hydrate. Deuterated methyl iodide of 99.5 atom % 
isotopic purity3 was used. The deuterated preparation gave a sin- 
gle peak by GLC, whose retention time was the same as scopola- 
mine. The percent of the CH3 moiety relative to the CD3 was ap- 
proximately 1%. as indicated by GLC-mass spectrometry. 


Extraction Procedure-(-)-Scopolamine-(N-CD3) hydro- 
bromide hydrate, the internal standard, was added to 2-4 ml of 
plasma or urine. To the biological sample, contained in 30- or 60- 
ml cylindrical separators, were added 2 ml of 1 M carbonate buffer, 
(pH 9.75) and 15-30 ml of methylene chloride4. If 4 ml of plasma 
was used, a large volume (30 ml) of methylene chloride was used to 
prevent emulsion formation. This was not a problem with urine. 
Also, the volume of organic solvent could be reduced in plasma ex- 
tractions if 5% isopropano14 in methylene chloride was used. The 
inclusion of 5% isopropanol produced no extraneous peaks in the 
chromatograms. 


The cylindrical sepaiators were shaken vigorously in a horizon-. 
tal position in a shaker5 for 20 min and were then centrifuged at  


ICN Isotope and Nuclear Division, Cleveland, Ohio. 
Nanograde solvents, Mallinckrodt Chemical Works, St. Louis, Mo. 
Eberbach Corp., Ann Arbor, Mich. 
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Figure 1-Standard curve of scopolamine in  plasma; 24.1 ng 
of internal standard, CD3-scopolamine hydrobromide hydrate, 
was used. 


2000 rpm; the organic layer was removed through the Teflon valve 
into a 30-ml cylindrical separator containing 3 ml of 0.1 N &Sod. 
These separators were then vigorously shaken for 10 min and cen- 
trifuged at  1500 rpm, and the organic layer was removed and dis- 
carded through the Teflon valve. To the 3 ml of 0.1 N HzS04 was 
added 0.4 ml of 5 N NaOH, and the tubes were heated in a convec- 
tion oven a t  50-60° for 30 min. 


After cooling, the alkaline aqueous phase was extracted with 8 
ml of methylene chloride, the tubes were centrifuged at  lo00 rpm, 
and the organic layer was released into a 13-ml centrifuge tube. 
Methylene chloride (1.5 ml), into which hydrogen chloride gas was 
bubbled, was added to this organ@ extract and the contents were 
vortexed. The contents were evaporated at  40’ under a gentle 
stream of nitrogen6 to approximately 1 ml. The aqueous alkaline 
phase was again extracted with 8 ml of methylene chloride and the 
organic phase was added to the 1 ml of the first extract in the 13- 
ml centrifuge tubes. After adding 1.5 ml of methylene chloride 
containing hydrogen chloride and vortexing, the contents were 
evaporated to dryness. 


Care was taken to discontinue evaporation when the centrifuge 
tubes appeared dry. To the “invisible” residue was added 200 pl of 
methylene chloride plus 25 pl of heptafluorobutyric anhydride7. 
The centrifuge tubes were capped with Teflon stoppers and the 
contents were heated at  40° in a water bath. The centrifuge tubes 
were immersed to the 1-ml graduation so that the methylene chlo- 
ride condensed in the upper part of the centrifuge tube and creat- 
ed a washing action. After 30 min the centrifuge tubes were spun 
briefly a t  1500 rpm to concentrate the methylene chloride in the 
bottom of the tube. Methylene chloride and excess derivatizing re- 
agent were removed under a gentle stream of nitrogen at  40’. The 
evaporation interval was 5 min. 


10.0 k a 


5 0.01 
0 5 10 15 20 25 30 35 40 45 50 


HOURS 


Figure 2-Urinary excretion profiles following oral doses of 
scopolamine. Key: A, Subject 1,906 pg (base); and  0, Subject2, 
800 pg (base). 


6 N-Evap, Organomation Associates, Shrewsbury, Mass. 
Pierce Chemical Co., Rockford, Ill. 
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Table I-Parameters for Nonlinear Regression 
F i t  of Urinary Excretion Data 


0 
v) 


v) 
z 
[L 
0 
0 
Z 


z 


a 


a 


Six-Parameter Equation 


A B C a b C 


I 


Subject 1 35.5 0.29 116 0.72 0.068 4.5 
Subject 2 30.1 0.28 50.7 0.58 0.066 3 .1  


Four-Parameter Equation 


A B a b 


Subject 1 34.4 0.29 0.71 0.068 
Subject 2 26.9 0.27 0.56 0.065 


To the residue, 30-100 p1 of benzene, followed by 15-50 pl of 1 
M carbonate buffer (pH lo), was added. The contents were vor- 
texed and then centrifuged a t  2000 rpm. Up to 10 p1 of the benzene 
layer was injected. The contents of the centrifuge tubes were main- 
tained a t  10° in a refrigerated centrifuge to minimize loss of the 
benzene layer due to evaporation. See Scheme I for a flow diagram 
of the extraction procedure. 


Standard Curve and Sample Analysis-A three-point stan- 
dard curve was constructed for each series of analyses because of 
significant slope and intercept variations of standard curves from 
day to day. A statistical analysis of this variation is presented in 
the discussion. Scopolamine hydrobromides was added to either 
plasma or urine in amounts ranging from 2 to 30 ng when, for ex- 
ample, 30 ng of internal standard was employed. If smaller or larg- 
er quantities of the internal standard were employed, the quan- 
tities of scopolamine added were adjusted so that the ratios would 
span the range from about 0.1 to 1.0. 


Quantities of CDa-scopolamine hydrobromide hydrate between 
2 and 30 ng were added to 2-4 ml of plasma or urine, depending on 
the level of drug expected in the biological fluids. If a ratio of less 
than 0.05 was expected for a given sample, the amount of internal 
standard was reduced to increase the ratio. However, the same 
standard curve, constructed with a different quantity of internal 
standard, could be used to obtain the amount of scopolamine in 
the sample. The ratio was used to obtain the quantity of scopola- 
mine present in the biological sample from the standard curve. 
This ratio was multiplied by the ratio of the internal standard in 
the sample to the internal standard used to construct the standard 
curve (Fig. 1). This technique was similar to that employed by 
Garrett and Hunt in the analysis of tetrahydrocannabinol (10). 


K W If4 
5 1.0 1 I \ 


0.01 1 I 


0 1 2 3 4 5 6  
HOURS 


Figure 3-Plasma levels following oral dose of scopolamine 
for Subject 1 ,906 pg (base). 


8 USP Reference Standard. 
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Table 11-Major Mass Fragments of Heptafluorobutyryl 
CHr-Scopoline and  Heptafluorobutyryl CDAkopoline 


Heptafluorobut yryl Heptafluorobutyryl 
CH3-Scopoline CD3-Scopoline 


% of % of 
mle m / e  81 m / e  m / e  81 


81 100 
138 86.1 
94 20.8 
96 11.3 


108 6 . 3  
110 5 . 4  _ _  ~ 


154 
169 
351 


3 . 1  
2 . 5  
0 . 4  


81 100 
141 81.2 
97 22.2 
99 10.9 


111 4.9 
113 5.0 


RESULTS 


The urinary excretion profiles for two subjects and the plasma 
levels of scopolamine for one of these subjects following oral ad- 
ministration of scopolamine are presented in Figs. 2 and 3, respec- 
tively. Figure 4 shows typical chromatograms obtained in the anal- 
ysis of urine samples. The instantaneous clearance for scopolamine 
can be calculated from the curves and is close to 120 mllmin, indi- 
cating that glomerular filtration is the prime mode of clearance. 
The total amount of scopolamine excreted from both subjects was 
4-5% of the orally administered dose. 


The urinary excretion curves were fitted by a nonlinear regres- 
sion program to the equation dDE/dt = Ae-nr + Becbt - CecCt for 
each subject (Table I). Since there was a scarcity of data points 
prior to the maximum excretion rate, since there was the possibili- 
t y  of a lag time, and since c, the rate constant for absorption, was 
significantly larger than a, it was decided to fit the curves to equa- 
tion dDE/dt = Ae-"' + Be-bt, neglecting points prior to the maxi- 
mum (Table I). Thus, the parameters for the a and b phases of the 
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Figure 4-Chromatograms of heptafluorobutyryl scopoline and 
heptafluorobutyryl CD3-scopoline obtained from typical urine 
samples. K e y :  A ,  0.192 ng/ml scopolamine (calculated) and 
6.78 ng of internal standard; and B ,  1.97 ng/ml scopolamine 
(calculated) and 13.56 ng of internal standard. 







excretion curves were not greatly affected by inclusion or neglect 
of the first-order absorption term. The parameters are functions of 
the rate constants for a two-compartment open model. 


DISCUSSION 


When scopolamine was derivatized with heptafluorobutyric an- 
hydride and chromatographed, there was a tendency for the mole- 
cule to undergo pyrolytic elimination of heptafluorobutyric acid in 
the injection port. The presence of aposcopolamine was confirmed 
with GLC-mass spectrometry by a strong m/e 285 molecular ion. 
Therefore, it was decided to use a more indirect method, namely, 
the hydrolysis of scopolamine to scopoline and its conversion to a 
heptafluorobutyryl derivative (I), since it was more stable when 
chromatographed. 


Compound I had excellent chromatographic properties in the 
50-100-pg range. A quadrupole mass filter wai used as a detector. 
The major mass fragments are listed in Table 11. The most abun- 
dant fragment, retaining the three deuterium atoms at  30 ev, was 
m/e 141. Therefore, the m/e 138 and 141 fragments, representative 
of I and 11, respectively, were monitored simultaneously. It was 
necessary to derivatize the free OH group in scopoline to prevent 
adsorption on the column. Furthermore, the ionization of the hep- 
tafluorobutyryl scopoline derivative (I) resulted in significantly less 
fragmentation than the ionization of scopoline under similar con- 
ditions. 


Compound I had a tendency to undergo hydrolysis. However, 
75% of the acylated derivative remained after 20 hr if benzene and 
carbonate buffer were added to the residue. The derivative was 
less stable in benzene in the absence of carbonate and markedly 
less stable in methylene chloride. When the hydrolysis of I was fol- 
lowed using a flame-ionization detector, a gradual increase in sco- 
poline could be detected. Possibly, the carbonate liberated the free 
m i n e  from a complex of I and heptafluorobutyric acid which was 
more susceptible to hydrolysis. 


Absolute recoveries were investigated by adding 10 ng of scopol- 
amine to 2 ml of plasma and conducting the extraction procedure. 
The recoveries, when measured against a standard prepared by 
derivatizing a known quantity of scopoline, ranged between 80 and 
95%. The use of the deuterated internal standard removed this 
variability. However, high absolute recoveries were still desirable 
since the concentrations of scopolamine in the biological fluids 
were generally very small. 


As mentioned previously, the method was somewhat indirect. 
The major metabolite of scopolamine wag shown to be scopolamine 
glucuronide in animal studies (4), which was not extracted in the 
assay procedure. Scopine and aposcopolamine, minor metabolites, 
interfere with measurement of scopolamine. However, the method 
was developed to evaluate various dosage forms in human subjects 
rather than to elucidate the metabolism of the drug. A more re- 
fined method to discern the metabolites is now under investiga- 
tion. 


The average residual sum of squares for 13 regression lines for 
13 three-point standard curves was 6.05 X lod4. The difference be- 
tween the sum of squares of the 39 data points about a single re- 
gression line and the above-mentioned sum of squares was 6.23 X 


The ratio between the. two variances was 5.58. The value 
from F tables yielded F (24, 13, 0.99) = 3.59. Thus, there was 
strong indication of significant variation in the standard curves. 


The average value of the slopes, when expressed as the ratio of 
the mle 138 to 141 responses times the ratio of the amount of deu- 
terated scopolamine to scopolamine, was 1.03 f 3.2% RSD. The av- 
erage value and relative standard deviation of the intercepts were 
0.0167 and f55%, respectively. The large variation in the intercept 
was largely due to the degree of resolution between the m/e 138 
and 139 peaks. The much smaller variation in the slope was proba- 
bly due to the accuracy in focusing on the m/e 138 and 141 frag- 
ments. 


Sj8guist and h g g i r d  (8) noted similar problems in the assay for 
homovanillic acid. Therefore, it was decided to run a three-point 


standard curve each time a series of biological samples was to be 
analyzed. To test the precision of the assay, five aliquots of a urine 
sample were analyzed on different days, each with its own stan- 
dard curve. The average value and relative standard deviation 
were 254 pg/ml and 2.596, respectively. The variations of the slope 
and intercept during an analytical run were negligible. 


The response ratio was determined for seven 4-ml aliquots of 
urine. The concentration of scopolamine in this urine, from a pa- 
tient who had taken an oral dose of scopolamine, was 144 pg/ml. 
The average value of the response ratio was 0.105 f 2.9% RSD. 
Thus, the consistency in the addition of the internal standard and 
the extraction procedure was very good. 


A statistical analysis of the precision in determining the re- 
sponse ratios was recently presented in a manufacturer’s applica- 
tion bulletin (12). Large amounts of internal standard relative to 
the endogenous compound can decrease the precision when the in- 
ternal standard contributes to the mle fragment monitored for the 
endogenous compound. For this reason, the amount of CDs-scopol- 
amine added to samples was chosen to yield response ratios be- 
tween 0.1 and 2.0. If a particular sample had a response ratio sig- 
nificantly different from this range, it was usually rerun with an 
appropriately adjusted amount of internal standard. 


CONCLUSION 


The experiments demonstrate the utility of selective ion moni- 
toring in conjunction with stable isotopes as internal standards in 
pharmacokinetic studies. The requirements in developing sensitive 
assays using this technique are that: (a) the compound or a deriva- 
tive chromatograph well a t  the subnanogram level, and (b) the 
compound or derivative fragment under electron-impact ionization 
in a manner to produce a few fragments representing a significant 
portion of the total ionization. By using a GLC-mass spectromet- 
ric method for scopolamine, the urinary excretion rates for the un- 
conjugated drug, which represented P5% of an oral dose of less 
than 1 mg, were followed over five orders of magnitude. 
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Preparation and Baeyer-Villiger Reaction of 
Certain 2-Carbalkoxycyclopropyl Methyl Ketones 


JOSEPH G .  CANNON' and JOHN E. GARST 


Abstract Treatment of mixed anhydrides derived from cis- and 
trans-2-carbobenzyloxycyclopropanecarboxylic acids and ethyl 
chloroformate with ethoxymagnesio di-tert-butyl malonate and 
subsequent treatment of the resulting adducts with p -  toluenesul- 
fonic acid afforded cis- and tram- benzyl2-acetylcyclopropanecar- 
boxylates in good to excellent yields, with retention of the original 
stereochemistry of the systems. These methyl ketones and an open 
chain congener, benzyl levulinate, were inert toward m-chloroper- 
benzoic acid. The cis-isomer and benzyl levulinate underwent nor- 
mal Baeyer-Villiger reactions mediated by trifluoroperacetic acid, 
forming moderate yields of the acetate ester insertion products. 


Keyphrases a 2-Acetoxycyclopropanecarboxylic acid esters-syn- 
thesis from 2-carbalkoxycyclopropyl methyl ketones, Baeyer-Vil- 
liger reaction, retention of stereochemistry 0 2-Carbalkoxycyclo- 
propyl methyl ketones-Baeyer-Villiger reaction, synthesis of ste- 
reospecific 2-acetoxycyclopropanecarboxyli~ acid esters 


As a part of a synthetic program leading to partial- 
ly rigid analogs of acetylcholine, a preparative route 
to cis-2-acetoxycyclopropanecarboxylic esters (11) 
was required. It was proposed that these systems 
should be attainable uia Baeyer-Villiger oxidation of 
an appropriate methyl ketone (I) (Scheme I). 


DISCUSSION 


It was speculated that the malonic ester adduct (111) could be 
converted into I by decarboxylation of the malonic ester moiety 
and esterification of the ring carboxyl group. Treatment of cis-cy- 
clopropane-1,2-dicarboxylic anhydride with sodio di-tert-butyl 
malonate gave a 3% yield of the expected product (111) (R = tert- 
butyl) and 33% of a neutral solid (IV), whose structure was as- 
signed on the basis of spectral and analytical data and of literature 
precedent (1). Attempts to effect acid-catalyzed conversion of IV 
into a methyl ketone failed. 


Treatment of cis -2-carbomethoxycyclopropanecarbonyl chloride 
with methoxymagnesio dimethyl malonate (V) gave a 24% yield of 
the predicted product (VI), whose NMR spectrum demonstrated 
broad resonance signals at 61.10-2.80. These signals were typical of 
other cis- 1,2-dicarbonyl cyclopropane systems encountered in the 
present work. 


Repeated attempts to  prepare cis-2-carbobenzyloxycyclopro- 
panecarbonyl chloride led only to  elimination of benzyl chloride and 
isolation of cis-cyclopropane-1,2-dicarboxylic anhydride. Reaction 
of the mixed anhydride (VII) with ethoxymagnesio di-tert-butyl 
malonate and treatment of the malonate adduct (VIII) with p-tol- 
uenesulfonic acid, according to a method of Fonken and Johnson 
(21, permitted good overall yields of the cis-methyl ketone (IX) 
(Scheme 11). A similar reaction sequence on tram-2-carbobenz- 
yloxycyclopropanecarbonyl chloride gave a 76% overall yield of the 
trans-isomer (X). Retention of the cis-geometry of IX was verified 
by comparison of its NMR spectrum with that of X. A reaction be- 
tween the mixed anhydride (VII) and methylmagnesium iodide re- 
sulted in a mixture of the cis- and trans-isomers (IX and X).  
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Sauers and Ubersax (3) reported a 20% yield of a mixture of 
Baeyer-Villiger products of methylcyclopropyl ketone, using m- 
chloroperbenzoic acid or trifluoroperacetic acid. The remaining 
80% of the starting ketone was recovered unchanged. In the pres- 
ent work, cis- benzyl 2-acetylcyclopropanecarboxylate was un- 
changed (according to NMR analysis) after 10 days of stirring with 
m-chloroperbenzoic acid. Treatment of benzyl levulinate (XI), an 
open chain congener of the cyclopropane methyl ketone systems, 
with rn-chloroperbenzoic acid failed to afford detectable reaction 
products after 10 days of stirring at  room temperature. Baeyer- 
Villiger oxidation of benzyl levulinate into benzyl3-acetoxypropi- 
onate (XIII) was achieved (in 65% yield) with trifluoroperacetic 
acid in an oxidant-ketone ratio of 4.41. This reagent, in a ratio of 
8.81, converted cis- benzyl 2-acetylcyclopropanecarboxylate into 
the acetoxy insertion product (XII). When less oxidizing agent was 
employed, large amounts of unchanged starting ketone could be 
recovered. 


EXPERIMENTAL' 


Di-tert-butyl 2-Keto-3-oxa-[3.1.0]-bicyclohexyl-4-idene 
Malonate (1V)-Di-tert-butyl malonate (3) (65.1 g, 0.3 mole) in 
200 ml of anhydrous benzene was added dropwise with stirring to 
200 ml of anhydrous benzene containing 14.4 g (0.3 mole) of 50% 
sodium hydride in mineral oil, which had been washed with three 
50-ml portions of hexane. The resulting mixture was refluxed for 2 
hr, then 33.6 g (0.3 mole) of cis-cyclopropane-1,2-dicarboxylic an- 
hydride (4) in 100 ml of anhydrous benzene was added dropwise, 
and this mixture was refluxed overnight. The solvent was removed 
under reduced pressure, and the solid residue was dissolved in 300 
ml of water. This solution was extracted with ether and the extract 
was dried over magnesium sulfate. The water solution was re- 
served as Solution A and was utilized in the isolation of 111. Evapo- 
ration of the ethereal solution gave a solid, which was recrystal- 
lized from hexane to yield 30.9 g (33%) of product, mp 117-119'; 
IR (potassium bromide): 3110 (cyclopropane CHI, 2980 (tert- 


Boiling points are uncorrected. Meltin points were determined in open 
glass capillaries, using a Thomas-Hoover bni-Melt ap aratus, and are cor- 
rected. Elemental analyses were performed by Galiraith Laboratories, 
Knoxville, Tenn., and by the Microanalytical Service, College of Pharmacy, 
University of Iowa. NMR spectra were recorded on a Varian Associates T-60 
instrument relative to an internal standard of tetramethylsilane. IR spectra 
were obtained with a Beckman IR-10 instrument. 
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C1Hg), 1814 (lactone C=O), 1720-1708 (ester C=O), and 1660 
(C=C) cm-'; NMR (deuterochloroform): 6 1.50 (9, 18H, tert- 
C4Hg), 1.20-1.80 (m, 2H, ring CHd, 2.10-2.60 (m, lH, CHC=O), 
and 3.48-3.84 (m, lH, CHC=C). 


Anal.-Calc. for C16H2206: C, 61.92; H, 7.14. Found: C, 61.60; H, 
7.14. 


cia - 2 - [Di(carbo-tert-butoxy)acetyl]cyclopropanecarbox- 
ylic Acid (111)-Acidification of Solution A from the preparation 
of IV with 6 N hydrochloric acid gave a solid, which was recrystal- 
lized from ether to afford 3 g (3%) of product, mp 129-130.5'; IR 
(mineral oil): 3350-2600 (acid OH), 1710 (acid C=O), 1734, and 
1750 (ester C=O) cm-'; NMR (deuterochloroform): 8 1.50 (8 ,  18 
H, tert-CdHs), 1.15-1.60 (m, 2H, ring CHz), 2.00-2.65 (m, 2H, ring 
CH), 4.39 [s, lH, CH(C02R)2], and 9.13 (broad s, lH,  COzH). 


Anal.-Calc. for C16H240,: C, 58.55; H, 7.35. Found C, 58.51; 
H, 7.44. 


&-Methyl 2-[Di(carbomethoxy)acetyl]cyclopropanecar- 
boxylate (V1)-Carbon tetrachloride (1 ml) was added to a mix- 
ture of 2.4 g (0.1 g-atom) of magnesium turnings, 42 ml of anhy- 
drous methanol, and 13.2 g (0.103 mole) of dimethyl malonate. 
Within 3-5 min, the evolution of gas became vigorous and was 
moderated by external cooling. After the magnesium had dis- 
solved, excess methanol was azeotroped with anhydrous benzene 
under reduced pressure. Fresh anhydrous benzene (100 ml) was 
added, and this solution was added dropwise with stirring to 15.9 g 
(0.098 mole) of freshly distilled cis-2-carbomethoxycyclopropane- 
carbonyl chloride (5); stirring was continued for 1 hr. After stand- 
ing for 12 hr at room temperature, 200 ml of ether was added and 
the resulting solution was poured into 100 ml of 6 N hydrochloric 
acid. The organic layer was washed with water until the washings 
were neutral to litmus and was dried over magnesium sulfate. 
Evaporation of the volatiles left an oil, which was distilled at 120- 
124' (0.05 mm) to yield 6.0 g (24%) of product; IR (film): 1740 
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(ester C=O) and i650 ( C 4 )  cm-'; NMR (deuterochloroform): 6 
1.10-2.80 (m, 4H, ring H), 3.67 (s,3H, COZCH~), 3.80,3.83 (2 s,6H, 
malonate CHd, 4.60 [s, 0.5H, CH(COzR)*], and 13.71 (s,0.5H, enol 
OH). 


Anal.-Calc. for CllH1405: C, 51.16; H, 5.46. Found: C, 51.15; H, 
5.16. 


cis-Benzyl 2-Acetylcyclopropanecarboxylate (1X)-To a 
stirred, cooled (0') solution of 11 g (0.05 mole) of cis-2-carboben- 
zyloxycyclopropanecarboxylic acid (5) in 200 ml of anhydrous 
ether was added dropwise 5.1 g (0.05 mole) of triethylamine. After 
stirring for 10 min, 5.4 g (0.05 mole) of ethyl chloroformate was 
added dropwise over 5 min; stirring was continued at 0' for 0.5 hr. 
The reaction mixture was filtered and the filtrate was reserved as 
Solution A. Carbon tetrachloride (1 ml) was added to 13 g (0.06 
mole) of di-tert-butyl malonate, 1.2 g (0.05 g-atom) of magnesium 
turnings, and 4 g (0.087 mole) of anhydrous ethanol. Evolution of 
gas began immediately, and 50 ml of anhydrous dimethoxyethane 
was added within 3-5 min. The temperature was maintained at  
30-40°, and most of the magnesium had dissolved after 1 hr. 


This reaction mixture was cooled to 0' and was added dropwise, 
with rapid stirring, to cooled (0') Solution A. After stirring for 1 
hr, the reaction mixture was allowed to come to room temperature 
overnight. It was then poured into 200 ml of cold (0') 3 N hydro- 
chloric acid, and this solution was extracted with three 100-ml por- 
tions of ether. The combined organic extracts were washed with 
water and extracted with 50 ml of 10% potassium carbonate solu- 
tion and with three 100-ml portions of water. The organic phase 
was acidified by washing with 25 ml of 6 N hydrochloric acid and 
dried over magnesium sulfate, and the ether was removed under 
reduced pressure to afford 18.5 g of an oil. This oil was refluxed 
with 1.5 g of p-toluenesulfonic acid monohydrate in 100 ml of tolu- 
ene for 5 hr; the solution was cooled and then extracted with 10% 
potassium carbonate solution until the washings were basic. The 
organic layer was washed with 20 ml of 6 N hydrochloric acid and 
then with several portions of water. After drying over magnesium 
sulfate, the volatiles were removed and the residue was distilled at  
104-108' (0.05 mm) to afford 6.3 g (58%) of IX; IR (film): 1730 
with a shoulder a t  1700 (ester and ketone C=O)  cm-'; NMR (deu- 
terochloroform): 8 0.92-1.40, 1.50-1.90, 2.00-2.35 (m, 4H, ring H), 
2.20 (s, 3H, C&), 5.10 (s, 2H, CHZAr), and 7.34 (s,5H, ArH). 


Anal.-cak. for C13H1403: C, 71.54; H, 6.46. Found: C, 71.72; H, 
6.59. 


trans-Benzyl 2-Acetylcyclopropanecarboxylate (X)-Eth- 
oxymagnesio di-tert-butyl malonate was prepared in the same 
manner as IX from 1 ml of carbon tetrachloride, 6.15 g (0.03 mole) 
of di-tert-butyl malonate, 0.7 g (0.029 g-atom) of magnesium turn- 
ings, 1.9 g (0.042 mole) of anhydrous ethanol, and 50 ml of anhy- 
drous dimethoxyethane. The cooled (0') solution was added drop- 
wise over 10 min to 6.8 g (0.0285 mole) of trans-2-carbobenzyloxy- 
cyclopropanecarbonyl chlorided5) in 200 ml of anhydrous benzene. 
The reaction mixture was refluxed for 5 hr and was worked up as 
described for IX, yielding 4.7 g (76%), bp 99-102' (0.05 mm); IR 
(film): 1729 (ester C=O) and 1705 (ketone C=O) cm-'; NMR 
(deuterochloroform): 6 1.25-1.55 (m, 2H, ring CHz), 2.05-2.65 (m, 
2H, ZCHCO), 2.27 (s, 3H, CH3), 5.16 (s, 2H, Cff&&), and 7.36 
(s,5H, ArH). 


Anal.-Calc. for C13H1403: C, 71.54; H, 6.46. Found: C, 71.72; H, 
6.63. 


Benzyl 3-Acetoxypropionate (XII1)-Ninety percent hydro- 
gen peroxide (11.4 g, 0.44 mole) was added dropwise over 0.5 hr to 
a stirred, cooled (0') solution of 92 g (0.44 mole) of trifluoroacetic 
anhydride in 100 ml of methylene chloride. After cooling at  0' for 
0.25 hr, the trifluoroperacetic acid solution was added dropwise to 
a rapidly stirred mixture of 120 g of anhydrous disodium phos- 
phate, 200 ml of methylene chloride, and 20.6 g (0.1 mole) of ben- 
zyl levulinate (6). The resulting mixture refluxed within 0.5 hr and 
continued spontaneously for 2 hr. Refluxing was maintained for 4 
hr total. The methylene chloride solution was filtered, and the 
solid on the filter was washed with two 300-ml portions of methy- 
lene chloride and then was refluxed for 10 min with an additional 
300-ml portion of methylene chloride. The combined organic ex- 
tracts were washed successively with 10% potassium carbonate so- 
lution, water, 6 N hydrochloric acid, and water and were dried over 
magnesium sulfate. The solvent was removed, and the residue was 
distilled through a 10-cm Vigreux column, bp 87-90' (0.04 mm). 
The yield was 10.2 g (63%); IR (film): 1741 (ester C=O) cm-'; 







NMR (deuterochloroform): 6 2.00 (s, 3H, C&), 2.67 (t, 2H, 
CH2C02R),4.34 (t, 2H, CHZOCOCH~), 5.14 (9, 2H, CHzCsHs), and 
7.32 (s,5H, ArH). 


And-Calc. for C12Hl404: C, 64.85; H, 6.34. Found C, 65.01; H, 
6.27. 


cis-Benzyl 2-Acetoxycyclopropanecarboxylate (XU)-A 
procedure similar to that described for XI11 was utilized with 10.9 
g (0.05 mole) of IX and 57.2 g (0.44 mole) of trifluoroperacetic acid. 
The 3.3 g of crude oily product was treated with 4.8 g of Girard's 
reagent P2 and 3 ml of acetic acid in 40 ml of refluxing methanol 
for 4 hr. Ice water (50 ml) was added to the hot solution, and it was 
brought to neutrality with solid potassium carbonate. This solu- 
tion was extracted with methylene chloride, and the extract was 
washed with water and dried over magnesium sulfate. Removal of 
the solvent and distillation of the residual liquid at 113O (0.035 
mm) gave 2.5 g (25%) of product; IR (film): 1730 (ester C=O) 
cm-'; NMR (deuterochloroform): 6 1.08-2.23 (m, 3H, ring H), 1.93 
(s, 3H, CH3), 4.00-4.44 (m, lH,  CHOCOCH3), 5.16 (5, 2H, CH2- 
C ~ H J ) ,  and 7.38 (s, 5H, ArH). 


Anal.-Calc. for C13HI4O4: C, 66.66; H, 6.02. Found: C, 66.49; H, 
6.18. 


* Eastman. 
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Synthesis and Biological Evaluation of 
2 - (9 - Acridinyl) et hy 1 -N- substituted Car bamates and 
Their Hydrochlorides and 10-N- Oxides 


JAMES T. STEWARTX and RICHARD E. GAMMANS 


Abstract The syntheses of 2-(9-acridinyl)ethyl-N-substituted 
carbamates and their hydrochlorides and 10-N-oxides are reported 
along with biological results in the areas of antineoplastic, antima- 
larial, and CNS activity screening. The compounds showed nega- 
tive biological activity in the areas tested. 


Keyphrases 2-(9-Acridinyl)ethyl-N-substituted carbamates, 
hydrochlorides, and 10-N-oxides-synthesis, pharmacological ac- 
tivity Antineoplastic activity-synthesis and screening of 2-(9- 
acridiny1)ethyl-N-substituted carbamates, hydrochlorides, and 
10-N-oxides 


Acridine derivatives have been tested extensively 
for potential medicinal activity. Antibacterial (1, 2), 
antimalarial (3), anthelmintic (4), analeptic (9, and 
antineoplastic (6-10) activities have been reported 
for many substituted acridines. The synthesis of new 
acridine derivatives containing urea, thiourea, thio- 
carbamate, and carbamate groupings has been re- 
ported from this laboratory (11,12). While possessing 
little or no anticancer activity, a general pharmaco- 
logical screen revealed activity in antibacterial, meta- 
bolic, parasitologic, and GI screening procedures for 
some derivatives. 


In a continuation of a study into the synthesis and 
potential biological activity of new acridine com- 
pounds, this paper reports the synthesis and antineo- 
plastic screening data for 2-(9-acridinyl)ethyl-N-sub- 


stituted carbamates and their hydrochlorides and 
10-N-oxides. In addition, biological results for some 
compounds in antimalarial and central nervous sys- 
tem (CNS) activity screening procedures are re- 
ported. 


DISCUSSION 


The incorporation of the carbamate and acridine moieties into 
one structure is of special interest, since each structure is singly 
present in compounds that have shown various degrees of antineo- 
plastic activity (610,  13-15). The interaction of acridines with nu- 
cleic acids and inhibition of nucleic acid synthesis is well docu- 
mented (16,17). Acridines tend to  accumulate selectively in tumor 
tissue (18, 19) showing inhibition of tumor growth, reduction of 
rate of growth, and, in some cases, regression of tumor size. Never- 
theless, no clinically useful agent has been found among the acrid- 
ines tested, most of which have been substituted 9-aminoacridines. 
Structures containing carbamate esters also have been reported to 
have potent antitumor activity (13,14). Ethyl carbamate itself has 
been used both for the production of tumors in experimental ani- 
mals and for the treatment of chronic leukemia and multiple mye- 
loma (15). Some evidence also indicates that carbamates are in- 
volved in alkylation of DNA (20). 


The mechanism by which these new acridine carbamates were 
expected to exert their antineoplastic effect was by selective ab- 
sorption in cancerous tissue followed by a two-pronged attack 
upon the nucleic acids of the cancer cells. The acridine ring would 
be expected to interact with the nucleic acid bases, thus holding 
the carbamate portion in close proximity to the bases to facilitate 
alkylation by the carbamate. 
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Decomposition of p -Aminosalicylic Acid in the 
Solid State 


J. T. CARSTENSEN” and PAKDEE POTHISIRI 


Abstract 0 Aminosalicylic acid was used as a test substance to 
show that a solid-state decomposition governed by nucleation ki- 
netics can give rise to  first-order kinetics. The effect of sorbed 
moisture at  a low degree of coverage was tested. Sorbed moisture 
theories proposed previously apply when it is realized that the rate 
constants in the presence of the sorbed layer may differ from the 
values of these parameters under anhydrous conditions. 


Keyphrases 0 Decomposition-aminosalicylic acid in solid state 
giving rise to first-order kinetics, sorbed moisture theories dis- 
cussed Aminosalicylic acid-decomposition in the solid state, 
first-order decomposition patterns 0 Stability-decomposition of 
aminosalicylic acid in solid state, sorbed moisture theories dis- 
cussed, first-order decomposition patterns 0 Moisture-decom- 
position of aminosalicylic acid in solid state 


The problems of stability of solid dosage forms 
have been discussed, although not with great fre- 
quency, in the pharmaceutical literature. Reference 


is made in this report to two basic articles (1, 2). For 
more complete references, the reader is referred to 
reviews on the subject (3 ,4) .  


The problem of how to extrapolate pharmaceutical 
stability data is of importance in excess determina- 
tion and in label statements on expiration dating; to  
this end, it is necessary to know prior to extrapola- 
tion [or to determine from the data (511 if the decom- 
position is zero or first order. 


The stability of the drug without excipients and 
the stability of the drug in the presence of moisture 
(6) (but no other excipients) throw some light on the 
theoretical order of reaction and the actual mode of 
decomposition. In the absence of moisture, topo- 
chemical- and nucleation-governed reactions occur 
(3 ,7 ,8) ;  of these, some topochemical patterns may be 
approximated by first-order decay (3, 9). In the ab- 
sence of moisture, the more common decomposition 
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Figure 1-Vacuum manifold used in the study. 


pattern is governed by nucleation (7 ,8) ,  giving rise to 
sigmoid curves which should not be simple first or 
zero order. 


In the presence of moisture, a simple, sorbed mois- 
ture theory (1, 2) would view the moisture present as 
a “bulk” saturated solution of the drug in the sorbed 
water; therefore, the decomposition kinetics should 
be dictated by the rates in saturated solution and be 
zero order. In the decomposition of aspirin, Leeson 
and Mattocks (1) found this to be the case (when pH 
effects were accounted for). Kornblum and Sciarrone 
(2) found that when moisture is present in the solid- 
state decomposition of aminosalicylic acid, decompo- 
sition rates are increased; in this case, however, the 
decomposition rates differed from those predicted by 
solubility. 


A recent publication (3) gave tentative explana- 
tions why, theoretically, a solid could (in the absence 
of other ingredients) decompose in a pseudo-first- 
order fashion. With the presence of moisture, reac- 
tion orders should tend toward zero order if the sys- 
tem is considered to consist of solid plus bulk sorbed 
saturated moisture layer (after pH effects are ac- 
counted for). 


The intent of this article is to show that first-order 
decomposition patterns may be tenable both (a) in 
the absence of moisture and (b) when moisture cov- 
erage is low. This latter feature, of course, brings the 
model system (aminosalicylic acid) close to the situa- 
tion encountered in dosage forms. In achieving this 
objective, the findings of previous investigators (1, 2) 
will be confirmed. 


EXPERIMENTAL AND RESULTS 


p -Aminosalicylic acid was recrystallized from ethanol, dried in 
uacuo, ground in a mortar, and redried. The specific surface area 


Table I-Constant-Temperature Baths  for Controlled 
Water  Vapor Pressure 


~~~ ~ ~~~ ~ 


Temper- Water Vapor 
Substance in Dewar Jar ature Pressure, torr 


Waterq 3.5” 5.9 
Solid-liquid - - 


Water’ 25 ” 
a Thin temperature is equal to the controlled air temperature. b This is a 


“slush” produced by adding liquid nitrogen to the benzene (xylene) in a 
Dewar jar; it produces a temperature of the melting point of benzene (xylene) 
as long as both solid and liquid benzene (xylene) are present. 
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Figure 2-Solid-state decomposition of aminosalicylic acid at 
65’ in the presence of moisture. K e y :  a, 5.9 torr; 8, 7.4 torr; 
0, 11.4 torr; 0, 17.6 torr; and 8, 23.8 torr. 


of the powder was 0.36 m2/g, as determined by Brunauer, Emmett, 
and Teller (BET) nitrogen adsorption (10). 


Samples were prepared in breakseal tubes in uucuo on a high 
vacuum rack as described previously (11). A schematic drawing of 
the high vacuum manifold is shown in Fig. 1. The aminosalicylic 
acid was placed in the breakseal tube at  point A. Water was placed 
in the distillation bulb I a t  point F. All stopcocks except for D were 
then closed, and the system was evacuated thoroughly (<0.5 
mtorr). Stopcocks C and E were then opened and D was closed; 
liquid nitrogen was placed in a Dewar flask around G, and the 
water was distilled into distillation bulb 11. Stopcock D was 
opened, the system was evacuated, D was closed, and the process 
was repeated with liquid nitrogen at point F. This distillation and 
evacuation process was carried out (four times) until lack of mea- 
surable pressure after a distillation on the Pirani gauge at H 
showed the water to be completely deaerated. 


A constant-temperature bath was then placed at F and (with D 
and E closed) B was opened. In this manner, the aminosalicylic 
acid is exposed to a water vapor pressure dictated by the tempera- 
ture of the constant-temperature bath at  F. The types of constant- 
temperature baths used are listed in Table I. Stopcock C was occa- 
sionally closed; if the pressure measured on the Pirani gauge 
dropped, then equilibrium had not yet been achieved. At the point 
in time when the pressure no longer dropped, B and C were both 
closed, and the breakseal tube was removed by sealing it off by 
flame. Four samples could be prepared at a time (Fig. 1). A series 
was also prepared without moisture present. 


The sealed tubes were stored at 60 f 0.5’ for the periods of time 
indicated in Fig. 2. After storage, the carbon dioxide evolved was 
determined manometrically as described by Musa (12), except a 
cold finger in the system was cooled to  -5” to allow condensation 
of water without affecting the carbon dioxide pressure. Each sam- 
ple was checked titrimetrically, and the decomposition was shown 
to be the straightforward, stoichiometric decarboxylation shown in 
Scheme I. 


NH,C,H,(OH)COOH - NH&H,OH + CO, 


Scheme I 


The results are shown in Fig. 2 and are tabulated in Table 11. 
The results from the series performed without the presence of 


Knowledge of the solubility of aminosalicylic acid is needed for 
moisture are shown in Fig. 3. Several temperatures were used. 


Table 11-Decomposition R a t e  Constants of 
Aminosalicylic Acid in Presence of Moisture 


Apparent Decom- 
Vapor Pressure, position R a t e  Con- 


P, torr Log P stant, f hr-1 (Eq. 18) 


0.0031 
0.0035 
0 .0045 
0.0068 
0.0088 
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Figure 3-Solid-state decomposition of aminosalicylic acid at 
various temperatures. K e y :  8, 7 5 O ;  0, 70°; 0 , 6 8 " ;  Q65"; and 
8,60°. 


the analysis of the solid kinetic data where moisture is present. 
Forty grams of aminosalicylic acid was stored with 50 g of water in 
an erlenmeyer flask closed with a U-tube water trap at  65'. Sam- 
ples of supernate were assayed spectrophotometrically at 300 and 
230 nm (2) at  various times. The contents of aminosalicylic acid 
and of m- aminophenol as a function of time are shown in Fig. 4. 


The final composition approaches 2.6 moles (278 g) of m- amino- 
phenol and 0.52 mole (80 g) of aminosalicylic acid per kilogram 
sample, i.e., the solubility of aminosalicylic acid at  65O is 0.52 
mole/642 g of water or 0.81 mole/kg of water. An order of magni- 
tude estimation of the decomposition rate constant of aminosali- 
cylic acid in solution can be made oia dC/dt = -&C, i.e., kz = 
-(l/C) dC/dt in the following fashion. The first point on the ami- 
nosalicylic acid curve in Fig. 4 is 0.27 at  4 hr; so in the first 4 hr, C 
is 0.27 (or less). The first point on the m-aminophenol curve is 
1.23, so that dCldt is at least 1.2314 = 0.308, so that k z  is a t  least 
k2 = (1/0.27) 0.308 = 1.14 hr-l. This compares fairly favorably 
with the value of 0.95 hr-l, which will be referred to later. 


To estimate the amount of moisture present as sorbed moisture 
on the solid itself, it is necessary to determine the moisture iso- 
therm of the solid. This was done using the apparatus arrangement 
shown in Fig. 5 for determination of the isotherm at  room temper- 
ature (27 f 0.2'). All parts of the apparatus are Pyrex glass and all 
stopcocks are either vacuum stopcocks or hollow capillary stop- 
cocks. The system was fused (by oxygen-gas flame) and all vol- 
umes were determined by helium gas expansion (10,151. 


Water was placed in the distillation bulb H and purified by re- 
peated distillation between H' and H as described earlier. Amino- 
salicylic acid was placed in the sample tube at  J; all stopcocks were 
opened, and the system was thoroughly evacuated and the stop- 
cocks were then closed. The mercury level in the McLeod gauge 
was then raised to the highest calibration mark (L). 


Stopcocks C and F were then opened and the capillary space was 
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Figure 4-Contents cf aminosalicylic acid ( P )  and m-amino- 
phenol ( M )  of aminosalicylic acid stored at 6 5 O  as a function of 
time. K e y :  0, aminosalicylic acid; and 8, m-aminophenol. 
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Figure 6-Vacuum setup for determination of isotherms at 
room temperature. 


saturated with water vapor (4 hr), so the space between C and L 
would exhibit a water vapor pressure of 26.7 torr (saturation pres- 
sure of water a t  27') as registered on the McLeod gauge. Stopcock 
C was then closed and stopcock E was opened, and the vapor ex- 
panded into the head space over the sample. 


Knowledge of the volume before and after the expansion per- 
mits calculation of the theoretical pressure (PA after opening 
stopcock E. The actual pressure (P) was measured on the McLeod 
gauge and was smaller than the theoretical. The difference (AP = 
Pt - P) was converted into the number of moles of water, and this 
figure was divided by the number of moles of aminosalicylic acid in 
the sample to give the adsorbed amount (x) in moles per mole at  
equilibrium pressure P. The mercury level was then lowered to L2, 
giving a new set of values for Pt,  P, and x; a series of such values 
(giving the isotherm a t  27') is shown graphically in Fig. 6. A simi- 
lar isotherm was performed for m- aminophenol. 


The moisture isotherm at  60° presented a greater problem ex- 
perimentally. The apparatus and approach outlined in Fig. 7 were 
used. A closed-end manometer with a side arm (EF) was made and 
fused onto ground-glass joints (A and B), and the manometer was 
loaded with mercury to the level shown. A sample of aminosalicylic 
acid was then placed in the noncapillary end of a breakseal tube; 


LOG P 
1 1.5 2 2.5 


0 0.5 1 1.5 
LOG P 


Figure 6-Langmuir plots of moisture isotherms of amino- 
salicylic acid at 25O (@) and 65O (0) and of m-aminophenol at 
25' (A).  The least-squares fit equations are: aminosalicylic 
acid at 25O, log x = 1.10 log P - 2.05; aminosalicylic acid at 
65", log x = 1.31 log P - 3.90; and m-aminophenol at 25O, 
Log x = 0.33 log P - 2.77. 
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Table III-Salts Used in  Contact with Their Saturated 
Solutions at 65" for Moisture Isotherms 


BREAKSEAL 


MANOMETER 


Figure 7-Apparatus for determination of isotherms at 65'. 


this tube was fused onto the side arm at  E and a bulb of water (D) 
was fused onto the side arm at  F. 


The assembly was then attached to a high vacuum rack at A and 
B (and checked for tightness with a Tesla coil). After evacuation 
the apparatus was sealed with an oxygen-gas flame at A and B, 
and the breakseal tube was narrowed down at  E. The entire appa- 
ratus was then placed in a 60' oven1 and, after equilibrium had 
been obtained (as ascertained by the mercury level being con- 
stant), the breakseal tube was sealed off with an oxygen-gas flame 
while the apparatus was still in the constant-temperature oven. 


The breakseal tube was then inverted and attached to the vacu- 
um rack at  ground-glass joint Q (Fig. 5), and the total amount of 
water in the sample was determined on the McLeod gauge. Four 
salt-saturated solution pairs were used, producing the pressures 
shown in Table 111. 


For reasons that shall become apparent in the Discussion sec- 
tion, the effect of the size of the reaction vessel was investigated. 
The sample holder in most of this study had a volume of 7 ml. A 
kinetic study was performed at 65' with sample holders of 20 and 
40 ml. The results are shown in Fig. 8. 


The effect of oxygen on the decomposition was studied by ex- 
posing the aminosalicylic acid sample to 50 torr pressure of oxygen 
prior to sealing off the sample holder and storing it a t  65'. The 
oxygen was prepared from potassium permanganate and manga- 
nese dioxide by the method of Sanderson (16). The results are 
shown in Fig. 8. 


The effect of saturating the atmosphere above the aminosalicyl- 
ic acid sample with mercury vapor was studied by blowing a side 
arm onto the sample holder and depositing a drop of mercury in 
the side arm. The holder was kept in an upright position during 
the decomposition so that there would be no contact between liq- 
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Figure 8-Decomposition of amimsalicylic acid at 6 5 O .  Key: 
a, in an atmosphere of saturated mercury vapor; 8, in an 
atmosphere of 50 torr pressure of oxygen; 0, in vacuo with a 
7-ml sample holder; A, in vacuo with a 20-ml sample holder; 
and 0, in vacuo with a 40-ml sample holder. 


Model 1302, Hotpack Corp., Philadelphia, PA 19135 


Equilibrium 
Water  Vaporo 


Pressure at  65 , 
P, torr Salt Log P 


148 
104 
44 
26 


MgSOd 2.17 
LiCl 2.02 


1.64 2:i;: 22: 1.41 


uid mercury and the solid sample during this period. The results 
are shown in Fig. 8. 


The surface area of a series of samples was determined by BET 
nitrogen adsorption as described previously (10). The samples 
were stored for various times at 65O, and the surface area then was 
determined again. The results are shown in Table IV. 


DISCUSSION 


The decomposition of aminosalicylic acid in the solid state is a 
so-called Type I solid reaction-uiz., one where 1 mole of solid de- 
compodes into 1 (or more) mole of a solid decomposition product 
and 1 (or more) mole of a gas (17). In Type I reactions, the decom- 
positions are governed by strains in the crystal, induced by the for- 
mation of product molecules; this is referred to as nucleation (18, 
19). As the strain increases, the original crystal may crack and 
form new surfaces upon which further decomposition can occur. 
Formation of the product molecules appears, a t  first, in the form 
of nuclei which are mainly located on the surface (18) or (rarely) 
inside the crystal (19). 


Occurrence of the nuclei in rows suggests that they are confined 
to lines of strain in the crystal. Initiation of decomposition appears 
a t  the surface, but the decomposition progresses by two routes: (a) 
along the surface itself, and (b) by penetration into the crystal. An 
accepted and frequently substantiated theoretical model for such a 
decomposition mechanism is the model of Prout and Tompkins (7, 
8). They assumed that there initially are N* potential (energetic) 
sites for nucleation (dislocations, vacancies, surface steps, etc. ) 
and that the nucleation rate is proportional to N, the number of 
nuclei present a t  time t; i.e., dN/dt = (a)  ( N ) .  The term a is a 
propagation probability; but a t  a certain point in the decomposi- 
tion, the rows of nuclei start merging, so that there also is a termi- 
nation probability, P, associated with the decomposition. This is 
expressed in the form: 


d N / d t  = [a - P # N )  (Eq. 1) 


This cannot be integrated directly, since a and B are functions of 
time. 


Most decompositions of Type I are sigmoid-shaped curves when 
decomposition is plotted uersus time. Prout and Tompkins (7) 
noted that the inflection point usually occurs a t  x = 0.5 and rea- 
soned that a must equal @ at this point; they further assumed that 
B = 0 when t = 0 ( x  = 0) so that a and p could be interrelated by a 
function such as: 


/3 = 2x0 (Eq. 2 )  


This makes @ zero at  time zero and a = /3 at  the inflection point. 


Table I V S u r f a c e  Area of Aminosalicylic Acid Samples 
after Storage at 65 O 


Frac- 
tion, x ,  Surface Increase 0.003t 


Time, Decom- Area, A, in Area, + In In 
t ,  hr posed m2/g  AA (AA) t - 4 0  (t-40) 


~ 


45 0.07 1.73 1.37 0.45 5 1.61 
65 0.11 3.79 3.43 1.43 25 3.22 


100 0.18 6.45 6.09 2.11 60 4.09 
138 0.24 9.20 8.84 2.59 98 4.58 
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Figure 9-(a) Data from Fig. 3 plotted according to Eq. 12. (b) Arrhenius plot of data from Fig. 9a. 


This reasoning is, of course, based on boundary conditions, and 
many functions (e.g., /3 = ( ~ X ) ~ ( C Y ) ]  would satisfy the stated re- 
quirements as well. 


Implementation of Eq. 2 and the assumption that: 


d x l d t  = k’N (Eq. 3 )  


has been shown (7) to lead to the sigmoid-shaped curve: 


x/(l - w )  = exp[k”(t - t,)] (Eq. 4)  


where ti is the time at  which the inflection point ( x  = 0.5) occurs. 
It is noted from Fig. 3 that it is not justified, in the case reported 


here, to assume that the inflection point occurs at x = 0.5. An ap- 
proach similar to the one used by Prout and Tompkins is therefore 
developed in the following section. 


If a method existed for measuring N ,  it would be possible to test 
Eq. 1 directly. If one assumes that N is proportional to the in- 
crease in BET surface area, then such a method exists and this, in- 
deed, is the purpose of following the BET surface area experimen- 
tally as a function of time (Table IV). In place of the assumptions 
made by Prout and Tompkins for a and 8, it is assumed here that 
nucleation starts a t  some time t o  (which is assumed to be larger 
than zero) with a propagation probability a0 (<1) and that (as in 
the Prout-Tompkins treatment) a = 8 at  t = ti. A t  infinite time, 
the termination probability is 8 = 00. A function that meets these 
requirements is: 


where: 


Equation 6 may be rearranged to ao fy  - td  = P o f t o  - t3; and 


I I I I 


1 2 3 4 
I N t  - 9 )  


Figure l&-Data from Table IV treated by Eq. 13 with g = 
40. 


since t o  - ti < 0, i t  follows that y - t o  also is smaller than zero, 
i.e., to > y > 0. 


Equation 6 inserted into Eq. 1 yields: 


which is integrated to: 


InN  = (a,, + b,Jt,, - q ) l n ( f  - 91 - d,,t + In(? 
tEq. X I  


where In Q is an integration constant. The nonlogarithmic form of 
this equation is: 


which, inserted into Eq. 3, yields: 


If to  - y is small, then Eq. 10 takes the form: 


This is integrated to: 


The initial condition that x = 0 for t < t o  has been invoked in 
going from Eq. 11 to Eq. 12 as has the boundary condition that x 
= 1 for t - m; this latter implies that k’(Q//3o)  = 1. Equation 12 
is a first-order expresbion. When to is not close to q, then the ex- 
pressions become more complicated. The treatment for this case is 
detailed in the Appendix. Data treated according to first-order 
presentation are graphed in Fig. 9a, and the slopes (Do)  are treated 
by Arrhenius plotting in Fig. 9b. The fits are good; 00 at  65” is 
0.003 hr-l. 


If the increase in surface area during decomposition is propor- 


Table V-Amounts of Moisture Adsorbed on the  Samples 
Studied for Decomposition 


x (Fig. 6), moles V x 103, liters 
Water/mole Amino- Water/mole Amino- 


P, torr  salicylic Acid salicylic Acid 


5 . 9  0 .063  1 . 1 4  
7 . 4  0.081 1 . 4 6  


1 1 . 4  0 .131  2 . 3 6  
1 7 . 6  0 .211  3.80 
2 3 . 8  0 .294  5 . 3 0  
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Figure 11-Schematic drawing of the proposed model. 


tional to N, i.e., AA = UV, then Eq. 8 becomes: 


In (AA) + Pnt = (0, + &)(to - 9 )  In ( t  - 9 )  + In @/A) 
(Eq. 13) 


The data in Table I11 were plotted in Fig. 10, using Po = 0.003 hr-I 
and various values of 9. The value 9 = 40 was found to linearize 
the surface area data best according to Eq. 13. 


Although Prout and Tompkins (7) and Prout and Herley (8) 
found Eq. 4 to hold up to x = 0.1, they had to assume that the 
propagation constant had a form of k / t  in the accelerative period; 
this then is an assumption over and above the ones stated. The 
amount and severity of assumptions made in the development of 
Eq. 12 are less. Once the order of reaction is established, the data 
reported here can be compared with data reported by other inves- 
tigators (2, 20). The data are compared in the form k = ko exp (- 
EJRT), where E. is the activation energy, R is the gas constant, 
and 7' is the absolute temperature. 


From Ref. 20. 


k = 4.3 X 1O1'exp(-2O,500/RT) (Eq. 1 4 a )  


From Ref. 2: 


k = 6.3  X 1$5exp(-41,000/RT) (Eq. 14h) 


And from this study: 


p, = k = ,3.2 X lO''eexp(-30,300/R?') (Eq. 1 4 C )  


Although these expressions seem to differ to a substantial de- 
gree, the differences are not as great as the numbers in the equa- 
tions would imply at first glance. For instance, l mole stored for l 
hr at 80° would show 0.986, 0.995, and 0.992 mole remaining by 
Eqs. 14a, 146, and 14c, respectively. 


It is instructive, however, to seek the cause of the differences. 
The data by Sheinker and Persiyanova (20) were generated in an 
atmosphere saturated with mercury vapof. Mercury has a vapor 
pressure of 0.07 and 0.2 torr a t  75 and 90°, respectively; these are 
the principal temperatures of their study. The results obtained in 
the study reported here (Fig. 8) show that mercury vapor acceler- 
ates the decomposition of aminosalicylic acid and this constitutes 
one explanation why the rate constants of Ref. 20 in general are 
higher than the rate constants reported here. Their reaction vessel 


I I I 
50 100 150 200 


HOURS 


Figure 12-Data from Fig. 2 plotted by E9. 18. 


was (presumably) considerably larger than the one used here but, 
as shown in Fig. 8, this should not matter. 


To find an explanation for the difference between the data of 
Kornblum and Sciarrone (2) and the results from this study, it 
should be noted that the former was not carried out in oacuo, i.e., 
atmospheric oxygen and nitrogen were present in the headspace. 
For this reason, a study was carried out here with oxygen in the 
sample holder headspace. 


Ermer (21) and Thoma (22) studied the decomposition of ami- 
nosalicylic acid in solution in the presence of oxygen and found a 
definite effect as compared to studies in the absence of oxygen. If 
there, indeed, is an oxidative effect, then the reaction rate would 
be expected to increase. The decomposition of solid aminosalicylic 
acid in the presence of oxygen (Fig. 8) does, surprisingly, not imply 
a straightforward increase in reaction rate but rather a rapid initial 
rate followed by a somewhat decreased rate in the accelerative pe- 
riod. The reason for this is not quite clear, but the following expla- 
nation may be feasible, although no attempts to substantiate the 
individual points are made here. 


The rapid initial rate may be a result of an oxidative reaction of 
the molecules on the surface; eventually the particles are com- 
pletely covered by the oxidation product, and this may retard the 
propagation rate and cause the subsequent decrease in reaction 
rate. The point is that the oxidative interference with the actual 
decomposition explains the small difference between the data by 
Kornblum and Sciarrone (2) and the data in this study. By virtue 
of some air being present, the experimental setup by Kornblum 
and Sciarrone is closer to real pharmaceutical systems than the 
model study reported here. 


Leeson and Mattocks (l), in their work on aspirin decomposi- 
tion, showed that in the presence of moisture the decomposition of 
the solid can be accounted for by considering the adsorbed mois- 
ture as a saturated aspirin solution. The aspirin decomposes in so- 
lution with a first-order rate constant, k", and has a solubility of 
S. Knowing the volume, V, of moisture adsorbed allows calcula- 
tion of a loss figure, and this value was found to be very close to 
the experimentally determined value. 


Contrary to this, Kornblum and Sciarrone (2) found that for 
aminosalicylic acid, using a decomposition rate constant in solu- 
tion of k p  = 1.986 hr-' (21), a sorbed moisture theory would lead 
to the conclusion that 80% of the solid would be in solution, a fact 
not substantiated by visual observation. The conclusion is based 
on the rate constants determined in solution by Ermer (21); even 
though better values for k 2 (differing from Ermer's by a factor of 
two) have been reported (23) subsequent to the appearance of the 
study by Kornblum and Sciarrone, their conclusion still remains 
valid. Kornblum and Sciarrone did not quantitate the amounts of 
moisture adsorbed and hence had to refrain from quantitating 
their observation. The work reported here attempts to accomplish 
this. 


If the volume of moisture adsorbed on the solid follows a 
Freundlich moisture isotherm, as implied by Fig. 6, then: 


or: 


V = x/55.5 = K(P1'")  (Eq. 16) 


where K and n are Freundlich parameters, x is moles of water ad- 
sorbed per mole of aminosalicylic acid, and V is kilograms of water 
adsorbed per mole of aminosalicylic acid. 


The vapor pressures used in Table I (Fig. 2) can be converted to 
amount of moisture adsorbed by the equations shown in Fig. 6, 
and these values are shown in Table V. The samples used in the ki- 
netic study at 65" are prepared a t  25O and therefore are heated 
from 298 to 338OK. The samples are 0.3-g samples in a 7-ml tube. 
It can be shown by gas law application that, at the lowest pressure, 
a t  most 4.6 X mole of water adsorbed 
is lost to the vapor phase by the heating of the closed tube. At the 
highest pressure, a t  most 1.87 X mole is lost to the vapor 
phase out of a total of 6.17 X adsorbed. It is therefore as- 
sumed, in the following, that the volumes listed in Table VI are the 
volumes of water adsorbed onto the solid in the kinetic study. 


The overall decomposition of aminosalicylic acid would be that 


mole out of 1.32 X 
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(a)  (b) 


figure l3-(a) Sum of squares of residuals for data in Tables 11 and Vplotted versus estimate of kl used in  Eq. 19. (b) 
Data from Tables 11 and V plotted according to Eq. 19 with a n  estimate of kl = 0.0015 hr-1. 


of the solid and of the saturated solution if the mechanism is not 
diffusion controlled (24). The overall stoichiometry is the same in 
the solid state as in solution (Scheme 11). 


HOC,HJNH,)COOH - HOC+jH,NH, + CO, 


Scheme II 


The decomposition rate constant is k l  in the solid and k z  in so- 
lution in the sorbed moisture layer (Fig. 11). Starting with 1 mole 
at  time zero, there will be A’ moles of aminosalicylic acid left at 
time t; assuming that the moisture adsorbed to the m-aminophe- 
no1 is not part of the “available” sorbed moisture layer2 means 
that the amount in solution is A’VS, where V is kilograms of water 
adsorbed per mole of solid, and S is solubility of aminosalicylic 
acid in the liquid layers in moles per kilogram of water. The 
amount of solid aminosalicylic acid present is A’ - A’VS. The de- 
composition rate then is given by: 


dA’ - k,(A‘ - A’VS) + k,A‘VS (Eq. I F )  dt 


The solution to this equation is: 


111 A’ = -k , l l  + [ ( k 2 / k , )  - 1]VSlt 


Denoting the slope of a plot of In A‘ uersus t by -{, i.e.: 


(Eq. 18) 


it is clear that a plot of y uersus V should give a straight line 
through the origin. The data from Fig. 2 are plotted according to 
Eq. 18 in Fig. 12, and linearity is good in all cases. 


The value of k l  is not necessarily identical to Po; the moisture 
present on the surface may well dissolve the active sites. This is 
akin to the etch test for quantitative determination of numbers of 
dislocations on the surfaces of metals. These dissolve more rapidly 
and, therefore, by short exposure to acid, leave an etch mark. If the 
active sites are dissolved, the nucleation would be interfered with, 
leading to a smaller value for k 1 than for @O (although, in the pres- 
ence of moisture, the overall decomposition rate is increased). 


BY denoting the quantity [ f k p / k d - l ] S  by a, Eq. 19 has the 
form y = a V. By using different values of k 1 to evaluate y, differ- 
ent values of a will result. The least-squares fit formula a = 
Zy V/Z V2 was used; the residual sum of squares was computed for 
each estimate of k l  and is shown graphically in Fig. 130. It is ob- 
vious that the minimum in the sum of squares plot is for k l  = 
0.0015 hr-l, i.e., about one-half the value of @o. The data plotted 
according to Eq. 19 by this estimate of k l  are shown in Fig. 13b. 


2 If all the moisture is assumed to be available, then the expression: 


In [ (A’  + y ) / ( l  + y ) ]  = -k , t  


is arrived at. This equation gives a poorer fit than Eqs. 18 and 19. 


The slope of this best least-squares fit is 0.9 X lo3 molesfliter, i.e.: 


[ (h2 /o .mi5 )  - 11s = 0.9 x 103 (Eq. 20) 


It is, therefore, possible to calculate the solubility of aminosali- 
cylic acid in water a t  6 5 O  from a known value of k z  (Table VI). The 
calculated values bracket the value found from the solid kinetic 
data; the data, hence, are not incompatible with the sorbed mois- 
ture theory of Leeson and Mattocks (1). 


The average surface area per mole during a decomposition is 
6.141 X lo4 = 8.5 X 106 cm2. Noting that the largest moisture vol- 
ume adsorbed is 5.3 ml and that, therefore, the moisture layer is a t  
most 5.3/(8.5 X 106) cm = 62 8, thick, it follows that there is a t  
most 15 “layers” of moisture involved. This degree of moisture 
coverage is considerably smaller than that in previous investiga- 
tions (1, 2); this has been done deliberately to achieve a moisture 
coverage more in line with what might be expected in a dosage 
form. 


APPENDIX 


In Eq. 10 the following substitutions are made: 


(cull + B d t , ,  - q )  = m 
u = t - qtdu = d t ,  t = u + q )  


followed by: 


This gives: 


t - 0 .  hr 
2 4 6 8  


10 20 30 40 
t - 0 ,  hr 


Figure 14-Theoretical decomposition curves according to 
Eq. A4 with m = 1 and m = 2 and 60 = 0.1 hr-l. 
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Table VI-Solubilities of Aminosalicylic Acid (molal) at 
65' Calculated from Eq. 20 Using Reported Values of 
Solution Decomposition Rate Constant  (k2, h-l) 


Solubility 
(Molal) f rom 


kf, hr-1 Reference Eq. 20 


1.99 21 0 . 6 8  
0 . 9 5  23 1 . 4 2  


>1.14 This study <1.19 


where M = (k')(Q)(e-Bw) [ @ o - ( ~ + ' ) ]  is used for convenience. If 
Eq. A1  is integrated from t = t o  (or prior times) to infinity, x = 1 
(total decomposition); t o  > q, so the integration yields unity,if 
carried from q to infinity; if t = q, u = z = 0, so integrating Eq. 
A1  from z = 0 to infinity gives: 


1 = M j , [  (z " ' ) (e - ' )dz  = Urn + 1) (Eq. A2) 


so: 


M = r-'(m + 1) (Eq. A3) 


where I'(m + 1) is the y-function evaluated a t  m + 1. Equation 
Al.  by partial integration, can be shown to have the general solu- 
tion: 


when m is an integer. Examples of these types of curves, showing 
the typical S-shape, are shown for m = 1 and m = 2 in Fig. 14. 


From Eq. 2 i t  is seen that the inflection point of these curves oc- 
curs when: 


(Eq. A5) d 'x /d i '  = 0 = M(e-')[2"-11 ] m  - z )  


i.e., when z = @oft - q) = m. 
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Two Antimicrobial Alkaloids from Heartwood of 
L i r io d e n d ro n t u 1 i p i f e ra L . 


C. D. HUFFORD", M. J. FUNDERBURK*, J. M. MORGAN, and 
L. W. ROBERTSON 


Abstract Alcoholic extracts of the heartwood of Liriodendron CH,O p \ C H 3  '7 
tulipifera have demonstrated antimicrobial activity against 
Staphylococcus aureus, Mycobacterium smegmatis, Candida albi- 
cans, and Aspergillus niger. The antimicrobial activity was associ- 
ated only with the alkaloidal fraction. Separation of the active al- 
kaloidal fraction by chromatography led to the isolation and iden- 
tification of dehydroglaucine and liriodenine as the active compo- 
nents. Several other alkaloidal derivatives were prepared and test- 
ed. In addition to the active alkaloids, michelalbine was also iden- 
tified in the tertiary nonphenolic base fraction along with the lig- 
nan, lirioresinol-B-dimethyl ether, and two N-acetylnoraporphine 
alkaloids from the nonbasic fraction. 


CH,O 


CH30 R4 


OCH, R3 
I1 IIIa: R, + & = OCH,O, & = R4 = H 


IIIb: R l - R , = R , = R 4  = OCH, 


Keyphrases 0 Liriodendron tulipifera L.-isolation and identifi- 
cation of two antimicrobial alkaloids from heartwood Alkaloids, 
antimicrobial-isolation and identification of dehydroglaucine and 
liriodenine from heartwood of Liriodendron tulipifera Antimi- 
crobial activity-dehydroglaucine and liriodenine, isolated and 
identified from Liriodendron tulipifera 0 Liriodenine-isolated 
from Liriodendron tulipifera, screened for antimicrobial activity 


Dehydroglaucine-isolated from Liriodendron tulipifera, 
screened for antimicrobial activity 


Liriodendron tulipifera (Magnoliaceae), the tulip 
tree or yellow-poplar tree, is one of two species of the 
genus Liriodendron (1). Chemical constituents iso- 
lated from this tree include a lignan diglucoside from 
the inner bark (2), alkaloids from the heartwood (3- 
5 )  and from the leaves (6), cytotoxic sesquiterpene 
lactones from the root bark (7) and leaves (8), and a 
cyclitol from the leaves (9). 


As part of a program of random screening of higher 
plants for antimicrobial activity, it was observed that 
ethanolic extracts of the heartwood of L.  tulipifera 
showed consistent and reproducible inhibitory activi- 
ty against Staphylococcus aureus, Mycobacterium 
smegmatis, Candida albicans, and Aspergillus niger. 


This paper reports the isolation and identification 
of the active antimicrobial alkaloids from the heart- 
wood, the testing of several alkaloidal derivatives, 
and the isolation of two nonbasic aporphine alkaloids 
and a lignan from the nonbasic fraction of the heart- 
wood. 


Iv 


v 


EXPERIMENTAL' 


Plant Material-The yellow heartwood was separated from the 
sapwood of L. tulipifera and air dried before grinding2. Other 
plant parts (leaf, stem bark, root bark, root, fruit, and flower) were 
collected, but alcoholic extracts showed no antimicrobial activity. 


Extraction and Separation of Alkaloids-The air-dried 
ground heartwood (2.2 kg) was extracted by percolation at room 
temperature with alcohol USP until a negative alkaloid test of the 
percolate was observed. Removal of the solvent a t  reduced pres- 
sure and at 40' left 71 g of residue that exhibited antimicrobial ac- 
tivity. A 35-g sample of the alcohol-soluble residue was partitioned 
between 125 ml each of ether and 2% citric acid. The ether layer 
was extracted twice more with 125 ml of 2% citric acid, filtered to 
remove some interfacial solids (5.8 g of alkaloid negative, no an- 
timicrobial activity), dried (sodium sulfate), and evaporated to 
dryness, giving 8.6 g of ether solubles that had no antimicrobial ac- 
tivity. 


Melting points were determined on a Thomas-Hoover Uni-Melt melt- 
ing-point apparatus and are uncorrected. Elemental analyses were per- 
formed by Midwest Microlabs, Ltd., Indianapolis, Ind. IR spectra were run 
in potassium bromide or chloroform, using a Perkin-Elmer 257 or Beckman 
IR-33 IR spectrometer. NMR spectra were recorded on a Jeolco C-60-HL 
spectrometer usin deuterated chloroform as the solvent and tetramethylsil- 
m e  as the internafstandard; chemical shifts are reported in 6 (parts per mil- 
lion) units. UV spectra were obtained in methanol on a Beckman Acta I11 
spectrophotometer. Optical rotations were determined on a Perkin-Elmer 
141 automatic olarimeter. Circular dichroism measurements were per- 
formed on JASdb 5-40 recording spectrophotometer using methanol as the 
solvent. Mass spectral data were obtained on a DuPont-CEC 492 spectrome- 
ter. 


2 The tree was cut in the summer of 1973 in southern Lafayette County, 
Miss. The tree was identified by Dr. Maynard W. Quimby and a voucher 
specimen has been deposited in the Herbarium of the Department of Phar- 
macognosy, School of Pharmacy, University of Mississippi. 


Iu: R = CH3,R1 = & = R4 = Rs = OCH,, R, = H 
Ib: R = COCH3,RI = & = R, = OCH3, R4 + & 
Ic: R = COCH3, R, = & = OCH, R4 + R5 = OCH20, R, = H 


OCHzO 
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Table I-Chromatographic Separation of Te r t i a ry  Nonphenolic Base Fraction 


Weight of 
Fract ion Residue, 
Number E luen t  mg Remarks  


1-11 CHCls 6 5  Nonalkaloidal, inactive(& 
12-19 CHCl,  400 Crystall ine residue, glaucine, dehydroglaucine, act ive 


20-32 1 %  CH,OH in CHCl,  728 Amorphous residue, inactivea 
33-40 1 %  C H I O H  jn C H C L  118 Yellow solid, liriodenine, act ive 
41-51 2% CH,OH in CHCl, 206 Crystall ine residue, michelalbine, inactive" 
52-65 2% CH,OH in CHCl,  8 4  Amorphous residue, inactive" 
66-90 16% CH,OH in CHCl, 30 Amorphous residue, inactive" 
Wash 50% CH,OH in C H C L  300 Amorphous residue, inactivea 


1% CH,OH in  CHC1, 


a No activity was observed against any of the test organisms. 


The aqueous citric acid layers were combined, adjusted to pH 
9-10 with ammonia, and extracted three times each with 1 liter of 
chloroform. The aqueous layer was neutralized, and a portion was 
evaporated to dryness and found to have no antimicrobial activity. 
The remaining aqueous layer was then acidified with acetic acid; a 
saturated aqueous solution of ammonium reineckate was added to 
a portion, but no precipitation occurred. No precipitate was noted 
with Valser's or Mayer's reagent. 


The combined chloroform layers were dried (sodium sulfate) 
and evaporated to dryness to give 6.2 g of chloroform solubles that 
showed all of the antimicrobial activity. 


The active chloroform-soluble residue (6.2 g) was separated into 
tertiary phenolic and nonphenolic fractions by dissolving the resi- 
due in 250 ml of chloroform and extracting three times each with 
250 ml of 5% sodium hydroxide solution. After drying, the chloro- 
form solution was evaporated to leave 4.7 g of tertiary nonphenolic 
alkaloids t,hat possessed all of the antimicrobial activity. 


The combined aqueous solution of the base layers was treated 
with an excess of ammonium chloride until a cloudy suspension 
was noted. This suspension was extracted three times with an 
equal volume of chloroform. The chloroform layer, after washing 
with water and drying (sodium sulfate), was evaporated to give 1.4 
g of tertiary phenolic bases that had no antimicrobial activity. 


Isolation of Antimicrobial Alkaloids f rom Tert iary Non- 
phenolic Base Fraction-A 2-g portion of the crude nonphenolic 
base fraction was dissolved in chloroform and chromatographed 
over 200 g of aluminum oxide (Woelm, neutral, grade 111). The sol- 
vents used were 300 ml of chloroform, 500 ml of 1% methanol in 
chloroform, 300 ml of 2% methanol in chloroform, and 400 ml of 
16% methanol in chloroform; finally the column was washed with 
50% methanol in chloroform. The fractions (20 ml each) were 
evaporated in tared flasks, combined according to their weights 
and to their similarity on TLC3, and then assayed (Table I). 


(+)-Glaucine (Ia) and  Dehydroglaucine (11) f rom Fractions 
12-19-TLC analyses3 of these fractions indicated the presence of 
two alkaloidal constituents. These were obtained pure by chroma- 
tography (2.4-g sample compiled from several columns as de- 
scribed previously) over 200 g of silica gel G4 using ether as the el- 
uent. 


The first 125 ml of eluent contained no alkaloids, but the next 
150 ml yielded a crude alkaloid (115 mg). This alkaloid was crys- 
tallized from alcohol t o  yield 59 mg of slightly colored plates, mp 
113-115'. Subsequent recrystallizations raised the melting point 
to 121-122O (pale-yellow plates). The mass spectrum exhibited a 
parent ion a t  m/e 353. The UV spectrum showed maxima at 260 
and 332 nm, while NMR indicated a 1H singlet a t  d 9.60 (ArH) and 
a 3H singlet at  d 3.01 (NCH3). These data are characteristic of 
dehydroaporphine alkaloids (lo),  and the physical data agree with 
those reported for dehydroglaucine (11). Direct comparison (melt- 
ing point, TLC3, UV, and IR) of a sample of dehydroglaucine pre- 
pared from glaucine by potassium permanganate oxidation (1 1) 
with that obtained from the separation confirmed the identity. 


The next 1 liter of eluent yielded no alkaloids; but the following 


3TLC analyses were carried out on aluminum oxide G-coated plates 
using 4% methanol in chloroform as the solvent, and the spots were visual- 
ized with Dragendorffs reagent. 


Silica gel G (for TLC according to Stahl) was slurried with water first, 
dried at 110' for 12 hr, and sieved through an 80-mesh sieve before use. 


1 liter yielded the second alkaloid (1.78 g), which was crystallized 
from alcohol-hexane to yield 0.855 g of needles, mp 119-120'. This 
was identified as (+)-glaucine by direct comparison (melting point, 
mixed melting point, TLC3, IR, and circular dichroism) with an 
authentic reference sample of (+)-glaucine. (+I-Glaucine was re- 
ported previously to be the major alkaloidal constituent of the 
heartwood (3). 


Glaucine methiodide was prepared by stirring a solution of glau- 
cine in acetone with excess methyl iodide. After 30 min the crystal- 
line methiodide was collected, mp 220-221O [lit. (12) mp 21S0]. 


After the glaucine had been eluted, the column was washed with 
50% methanol in ether. All fractions were assayed, and only the 
fraction containing dehydroglaucine was active. Dehydroglaucine 
was subsequently assayed and was shown to be the antimicrobial 
agent present in fractions 12-19 (Table 11). 


Liriodenine (IIIa) f rom Fractions 33-40-Crystallization of 
the residue of these fractions (118 mg) from chloroform yielded 85 
mg of yellow needles, mp 280-281O. The melting point, IR, and UV 
data were consistent with that reported for the yellow alkaloid, lir- 
iodenine, previously reported from the heartwood (13). Direct 
comparison (melting point, mixed melting point, IR, and UV) with 
an authentic sample of liriodenine confirmed the identity. Antimi- 
crobial assay showed liriodenine to be the active component pres- 
ent in these fractions (Table 11). 


Liriodenine oxime (13) and methiodide (14) were prepared as 
described in the references and were tested for antimicrobial activ- 
ity (Table 11). 


Michelalbine (IV) from Fractions 41-51-Crystallization of 
the residue in these fractions from chloroform-hexane gave 92 mg 
of colored needles, mp 191-195'. Recrystallization yielded white 
needles, mp 199-200'. Chloroform solutions of this alkaloid were 
observed to undergo air oxidation very easily and become yellow. 
TLC analyses3 indicated that liriodenine was formed. 


By passing a stream of air through a solution of the alkaloid in 
tert- butanol (15), liriodenine was formed (TLC). Comparison of 
the physical data of the isolated compound with those of michelal- 
bine (16, 17) indicated them to be the same. Direct comparison 
(melting point, mixed melting point, TLC3, UV, IR, and circular 
dichroism) with an authentic sample of michelalbine confirmed 
the identity. 


Dehydroglaucine (11) and 1,2.9,1O-Tetramethoxyoxoapor- 
phine (Oxoglaucine) (IIIb) f rom Oxidation of Glaucine (1a)- 
T o  a stirred solution of 214 mg of glaucine in 15 ml of acetone was 
added a solution of 237 mg of potassium permanganate in 25 ml of 
acetone dropwise over 1 hr. After stirring a t  room temperature for 
an additional 4 hr, the suspension was filtereds and evaporated to 
dryness. TLC analysis (silica gel G, ether) showed the presence of 
mostly dehydroglaucine plus trace amounts of glaucine and oxo- 
glaucine. The dehydroglaucine was obtained pure by chromatogra- 
phy over 10 g of silica gel G4, using ether as the eluent. Crystalliza- 
tion from alcohol yielded 53 mg of dehydroglaucine, mp 122-123O; 
m/e 353.162 (calculated mle for C21H23N04, 353.163). The physi- 
cal data agree with that reported previously (11). 


In another experiment, a crude fraction (2.4 g, one spot by TLC) 
of glaucine (in 75 ml of acetone) was oxidized by adding a solution 
of potassium permanganate in acetone (6 g/450 ml) dropwise over 


Through Celite. 
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Table 11-Antimicrobial Activity of Extracts, Fractions, and  Compounds 


Zone Diameter, mm 
Sample. Staph. aureus B. subtilis M .  smegmatis C .  albicans S. cerevisiae A .  niger 


Alcohol extract 4 N.T.b 10 2 N.T. 5 
Tertiary nonphenolic fraction 8 N.T. 12 5 N.T. 9 
Fractions 12-19 3 N.T. 2 1 N T  - 
Fractions 33-40 
Liriodenine 
Liriodenine methiodide 


5 
5 
6 


~ 


N.T. 
8 
6 


10 
11 
14 


- 
3 
3 


17 


N.T. 10 
5 11 


15 4 
Dehydroglaucine 4 7 8 6 6 


- Oxoglaucine methiodide 9 9 10 10 11 


All samples were also tested against E .  coli and P .  aeruginosa and were found to be inactive. All other fractions a h  were assayed, hut none showed any 
activity against any of the microorganisms listed in this table. Glaucine, glaucine methiodide, liriodenine oxime, michelalhine, and oxoglaucine were tested, 
but none showed any activity against any of the microorganisms. N.T. = not tested. 


2 hr, followed by stirring for 6 hr, and then adding another 6 g of 
potassium permanganate in 450 ml of acetone, followed by stirring 
for an additional 12 hr. The suspension was filtered5 and the clear 
orange solution was evaporated to dryness. Crystallization from a 
small volume of chloroform yielded 0.578 g of orange needles of ox- 
oglaucine, mp 224-225' dec. Recrystallization yielded orange nee- 
dles, mp 229-230" dec., of oxoglaucine whose identity was con- 
firmed by a direct comparison (melting point, mixed melting 
point, TLC3, and IR) with an authentic sample6. 


Oxoglaucine methiodide was prepared by refluxing oxoglaucine 
in acetone with methyl iodide as described previously (18). 


Chromatography of Nonbasic Fraction-When examined by 
TLC7, the ether-soluble fraction indicated the presence of several 
alkaloidal spots that were different from any of the ones isolated 
from the basic fraction. The 8.69-g ether-soluble fraction was dis- 
solved in chloroform and chromatographed over 200 g of silicic 
acid8, using chloroform with increasing amounts of methanol as el- 
uent. Elution with 2% methanol in chloroform yielded a 2.6-g frac- 
tion that was still a mixture. No other column fraction indicated 
the presence of alkaloids. A portion of this fraction (1.3 g) was fur- 
ther purified by chromatography over 65 g of silica gel G4, using 
ether as the eluent. Fractions (8 ml) were collected, analyzed by 
TLC7, and then combined. 


Fractions 7 and 8 (382 mg) were combined, and crystallization 
from benzene-hexane gave nearly colorless crystals (200 mg), mp 
112-114'. Recrystallization from alcohol two more times gave a 
pure sample, mp 118-120'. The mass spectrum showed a parent 
ion peak at  m/e 446.194 (calculated m/e  446.190 for &H3008). 
The formula was also supported by elemental analysis. The UV 
spectrum showed absorption maxima at Amax 207 (log c 4.79) and 
268 (log e 4.16) nm with a shoulder a t  230 (log c 4.16) nm. The 
NMR spectrum was extremely simple for a proton count of 30, 
suggesting a symmetrical molecule. The physical data were in 
agreement with the published data for lirioresinol-B-dimethyl 
ether (V) (2, 19-21), and a direct comparison (melting point, 
mixed melting point, TLC7v9, and IR) with an authentic sample 
confirmed the identity. 


Fractions 12-20 (130 mg) were treated with ether, and the crys- 
talline material obtained was recrystallized from benzene-hexane 
and then alcohol to yield colorless needles (63 mg), mp 216-217", 
for which Structure Ib has been proposed (22). 


Fractions 25-35 (217 mg) contained solid material which was 
crystallized from benzene-hexane and then alcohol to yield 90 mg 
of white needles, mp 283-284'. This alkaloid has been identified as 
(+)-N-acetylnornantenine (Ic) (22). 


Antimicrobial Assay-Routine qualitative evaluation of an- 
timicrobial activity of extracts, fractions, and pure compounds was 
accomplished using an agar well diffusion assay. All extracts and 
fractions were tested for activity against the following microorga- 
nisms: Staphylococcus aureus (ATCC 6538), Escherichia coli 
(ATCC 10536), Mycobacterium smegmatis (ATCC 607), Pseu- 


Oxoglaucine was reported previously as a naturally occurring alkaloid 
of the heartwood (3, 13). but none was isolated from this collection. TLC ex- 
amination showed only traces present. ' TLC analyses of this fraction were carried out on silica gel C-coated 
plates using ether or acetone-methanol-benzene (1:l:E) as the solvent. 


Mallinckrodt, 100 mesh. 
Lirioresinol-B-dimethyl ether gives a positive test with Dragendorff's 


reagent. 


domonas aeruginosa (ATCC 15442), Candida albicans (ATCC 
10231), Saccharomyces cereuisiae (ATCC 9763), and Aspergillus 
niger (ATCC 16888). Purified compounds were also tested against 
Bacillus subtilis (ATCC 6633). Bacterial test organisms were cul- 
tured in eugonagar'O and eugonbrothlO, and fungi and yeasts were 
cultured in mycophil10 agar and broth. 


Plates for assay were prepared by uniformly seeding sterile, par- 
tially cooled, molten agar with dilutions of test organisms grown in 
broth or suspensions of conidia produced on agar slants (A .  niger). 
The seeded agar medium was dispensed into 100 X 15-mm sterile 
petri dishes (15 ml/dish). Cylindrical plugs were removed from the 
solidified agar plates, using a sterile cork borer, to produce wells 
having a diameter of approximately 11 mm. Then 100 pl of a solu- 
tion or suspension of an extract, fraction, or pure compound was 
added to each well. The extracts and fractions were tested as solu- 
tions or suspensions in a concentration of 20 mg/ml; pure com- 
pounds were tested at  1 mg/ml. When solvents other than water 
were required to dissolve extracts or compounds, solvent blanks 
were run against each test organism. 


Plates prepared as described were incubated as follows. Bacteria 
were grown at  31' for 24 hr before reading, except M .  smegmatis 
which grows more slowly and requires incubation at 37' for 48 hr. 
Fungi or yeasts were incubated at  25' for 24 hr before growth was 
evident. 


Antimicrobial activity was recorded as the width (in millime- 
ters) of the clear zone of inhibition surrounding the agar well. Al- 
though no attempt was made to quantitate the diffusion assay rig- 
idly, conditions were held sufficiently constant so that successful 
fractionation methods were evidenced by an increase in the size of 
the zones of inhibition as purification was achieved. 


Quantitative assay of the pure compounds against selected test 
organisms involved utilization of a twofold serial dilution in eugon- 
broth or mycophil broth. The concentration of pure alkaloids in 
the initial dilution tube was 50 pg/ml. Streptomycin sulfate" (50 
pg/ml in tube 1) and amphotericin B12 (50 pg/ml in tube 1) were 
used as standard antibiotics for comparison with the activities of 
the alkaloids against bacterial and yeast species, respectively. Cul- 
tures used in the serial dilution assay included Staph. aureus, B. 
subtilis, M.  smegmatis, C .  albicans, and S. cereuisiae. The values 
reported in Table 111 represent readings taken after incubation 
times of 24 hr for all organisms except M .  smegmatis, which was 
read at  72 hr. The concentration of the tube of highest dilution 
that was free from growth was recorded as the minimum inhibitory 
concentration (micrograms per milliliter). 


RESULTS AND DISCUSSION 


As part of a program of screening higher plants for antimicrobial 
activity, it was observed that an alcoholic extract of the heartwood 
of L. tulipifera showed inhibitory activity against several microor- 
ganisms (Table 11). This activity has been traced to the alkaloids, 
dehydroglaucine (11) and liriodenine ( M a ) ,  by systematic fraction- 
ation guided by antimicrobial assay. 


Liriodenine previously was reported to be a constituent of the 
heartwood (12). Liriodenine was found to have a broad antimicro- 


lo BBL. 
l1 Nutritional Biochemical. 


Calbiochem, "A" grade. 
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Table 111-Minimum Inhibitory Concentration (Micrograms per Milliliter) of Active Compounds 


Compound Staph. aureus B. subtilis M. smegmatis C. albicans S. cerevisiae 


Liriodenine 3.1 0.39 1 . 5 6  6 . 2  6 . 2  
Liriodenine methiodide 6.1 3 . 1  3 . 1  0.78 3 . 1  
Oxoglaucine methiodide 25 25 25 1 . 5 6  25  
Dehy droglaucine 25 25 25 25 50 


Amphotericin B - 0 . 7 8  0 . 7 8  
Streptomycin sulfate 3.1 1.56 0 .78  - - 


- - 


bial spectrum, being active against Gram-positive bacteria, an 
acid-fast bacterium, and yeast-like and filamentous fungi (Table 
11). Liriodenine has activity comparable to streptomycin sulfate 
against Staph. aureus, B. subtilis, and M. smegmatis (Table 111) 
under the same test conditions. Liriodenine methiodide was also 
prepared and tested. It has a similar spectrum of activity hut is 
more active than liriodenine against C. albicans and S. cereuisiae 
and has activity comparable to that of amphotericin B. On the 
other hand, liriodenine oxime has no activity. It is apparent from 
the data in Table I11 that liriodenine and liriodenine methiodide 
show in uitro activity Comparable to that of streptomycin sulfate 
and amphotericin B and thus warrant further investigation of their 
potential usefulness as antibiotics. 


Dehydroglaucine, not previously reported from L. tulipifera, 
showed no activity against A. niger. Otherwise, it has a similar 
spectrum of activity to liriodenine and liriodenine methiodide but 
is not as potent. 


1,2,9,10-Tetramethoxyoxoaporphine (oxoglaucine) (IIIb) has 
been reported as a constituent of the heartwood (3), but only trac- 
es were found6. However, oxoglaucine was prepared from glaucine; 
when tested, it showed no antimicrobial activity. On the other 
hand, oxoglaucine methiodide is active, particularly against C. al- 
bicans. Liriodenine methiodide was also more active than lirioden- 
ine against C. albicans. 


Michelalbine (IV) was identified in the tertiary nonphenolic 
base fraction but showed no antimicrobial activity. Although it is a 
constituent of other plants of the family Magnoliaceae, this is the 
first report of it being a constituent of L. tulipifera. 


The nonbasic fraction of the heartwood was also investigated 
and a lignan, lirioresinol-B-dimethyl ether (V), was identified 
along with two new naturally occurring, nonbasic aporphine alka- 
loids. The structure elucidation of these alkaloids was previously 
reported (22). One was identified as (+)-N-acetylnornantenine 
(Ib), and Structure Ic has been proposed for the other. 
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REVIEWS 


Terpenoids and Steroids, Vol. 3. Senior Reporter, K. H. OVER- 
TON. Specialist Periodical Reports, The Chemical Society, Bur- 
lington House, London WIV OBN, England, 1973. 527 pp. 15 X 
22 cm. Price $12. (Orders should be addressed to The Publica- 
tion Sales Officer, The Chemical Society, Blackhorse Road, 
Letchworth, Herts., SG6 IHN, England) 
This is the third volume on terpenoids and steroids in a valuable 


series first published 3 years ago. The aim of the various series of 
Specialist Periodical Reports is to provide systematic, compre- 
hensive, and critical review coverage of progress in the major areas 
of chemical research. The various series are being published annu- 
ally or biennially on such topics as Amino Acids, Peptides, and 
Proteins; Alkaloids; Photochemistry; Foreign Compound Metabo- 
lism in Mammals; Carbohydrate Chemistry; and Biosynthesis. 


This volume does not contain a subject index but is organized in 
a systematic manner which facilitates finding any information 
being sought. The six pages in the Table of Contents outline this 
reference in detail. The chapters are divided into many sections 
which are identified in boldface type in the text as well as in the 
Table of Contents. These sections are further divided into subsec- 
tions. Chapter titles are found at  the top of every second page of 
the text. There is an author index which is helpful to those fol- 
lowing the research of a given individual. 


This review is illustrated with drawings of over 2500 chemical 
structures. It is documented with 1800 references which are listed 
a t  the bottom of the first page of each chapter where used. 


Part I, which covers the terpenoids, is divided into six chapters 
covering the usual chemical classes of terpenoids and a seventh 
chapter on biosynthesis of terpenoids and steroids. Pharmaceuti- 
cal scientists will find many sections of special interest, e.g., ana- 
lytical methods, biological activity, cannabinoids, and diterpene 
alkaloids. 


Part 11, which covers steroids, is divided into two large chapters. 
The chapter on steroid properties and reactions is divided into sec- 
tions based upon more common functional groups, a section on 
compounds of nitrogen and sulfur, and sections upon such impor- 
tant subjects as molecular rearrangements, stereochemistry and 
conformational analysis, functionalization of nonactivated posi- 
tions, and photochemical reactions. The chapter on steroid synthe- 
sis includes sections on oestranes, androstanes, pregnanes, choles- 
tanes, and total synthesis as well as  sections of special interest to 
pharmaceutical scientists which include insect and plant hor- 
mones, alkaloids, sapogenins, bufodienolides, and cardenolides. 


It is a credit to the eight reporters who wrote this volume that it 
is so well done. It meets the standards set by the Chemical Society 
for these “Reports.” Although this volume includes a comprehen- 
sive review of chemical studies of terpenoids and steroids, it de- 
votes no space to the isolation and structure determination of 
these substances from plant or animal sources. This was the only 
disappointment to the reviewer. 


Everyone interested in the chemistry of terpenoids and/or ste- 
roids should have access to this volume and others in the series. It 
would be a great time saver. The cost will tend, however, to  limit 


the distribution of this series to libraries and the more dedicated 
researchers and scholars in these fields. 


Reoiewed by Norman J. Doorenbos 
School of Pharmacy 
University of Mississippi 
University, M S  38677 


Reaction Mechanisms in Organic Analytical Chemistry. By 
KENNETH A. CONNERS. Wiley, New York, N.Y., 1973. xiii + 
634 pp. 14.5 X 22.5 cm. Price $18.50. 
Since the early 1950’s, when chemical kinetics became a popular 


tool for studying drug stability, there has been a need for a suitable 
graduate level text covering drug-oriented physical organic chem- 
istry and stressing kinetics and mechanisms in aqueous solutions. 
This problem has been made more acute by the trends of graduate 
level chemistry courses in these areas toward more sophisticated 
theoretical concerns a t  the expense of the subject matter most use- 
ful in pharmaceutical research and many other applied sciences. 
Some biochemistry departments have countered this trend by in- 
troducing in their programs new courses which make use of rela- 
tively recent books in the field of bioorganic mechanisms. While 
these are useful texts, they are not entirely appropriate for consid- 
ering either stability or analysis of drugs. 


Dr. Conners, a well-established author, has done an excellent job 
in providing a text on the kinetics and reactivity of organic func- 
tional groups in aqueous solutions for both the pharmaceutical and 
analytical chemist. Many examples used in the book are drugs. 
The book is well suited for self study or formal courses. There are 
13 chapters and each chapter is followed by practice problems. 


The book is unique in many ways. It presents the most compre- 
hensive section on pH-rate profiles that I have seen in a text to 
date. In this treatment, errors which are commonly made in the lit- 
erature are clearly pointed out. 


In yet another section, a unique summary of reactions used in 
organic analysis is provided. The book is comprehensive, clearly 
and skillfully written, well referenced (more than 1000 citations), 
and effectively organized. The chapter titles are: Introduction, 
Chemical Equilibria, Reaction Rates, Extrathermodynamic Rela- 
tionships, Selectivity, Sensitivity, Electrophilic Aromatic Substi- 
tution, Nucleophilic Aromatic Substitution, Nucleophilic Aliphatic 
Substitution, Addition to Carbon-Carbon Multiple Bonds, p- 
Elimination, Addition to Carbon-Heteroatom Multiple Bonds, 
and Acyl Transfer. 


In summary, I would highly recommend this book to anyone in- 
terested in the reactivity, analysis, or aqueous stability of organic 
functional groups. 


Reoiewed by Robert E. Notari 
College of Pharmacy 
Ohio State Unioersity 
Columbus, OH 43210 
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Alkylation by Secondary Alcohols 111: 
Fusion of Medicinal Sulfanilamides with Benzhydrol 


R. E. MOSKALYK" and J. L. MALICKY 


Abstract The fusion of certain sulfani!amides with benzhydrol 
in the presence of anhydrous zinc chloride affords several different 
products, depending primarily on the temperature a t  which the 
reaction is carried out. With sulfanilamide itself, three different 
products were isolated at 100,160, and 180O. A sequence of steps is 
suggested to account for the three products, one of which involves 
an intramolecular rearrangement of a benzhydryl moiety. The fu- 
sion of benzhydrol with p- toluidine gives 2,6-dibenzhydrylaniline 
and not the N,N-  dibenzhydryl derivative as previously reported. 


Keyphrases o Sulfanilamides-fusion with benzhydrol, effect of 
reaction temperature, : isolation and ! identification of products 


Benzhydrol-fusion of medicinal sulfanilamides, alkylation by 
secondary alcohols, effect of temperature 0 Alkylation-by secon- 
dary alcohols, fusion of medicinal sulfanilamides with benzhydrol, 
effect of reaction temperature 


Sulfanilamides yierd a number of interesting and 
useful substitution products when reacted with cer- 
tain secondary alcohols under various reaction condi- 
tions. Initially, this reaction was studied employing 
xanthydrol as the alkylating agent (1). More recently, 
the reaction of sulfanilamides with benzhydrol in ni- 
tromethane, using perchloric acid as the catalyst, was 
reported (2). The products were normally the corre- 
sponding N4-monobenzhydryl derivatives of type I 
and these proved to be stable crystalline compounds 
most suitable for the identification and differentia- 
tion of the antibacterial sulfanilamides. 


The fusion of benzhydrol with a number of para- 
substituted anilines, in the presence of zinc chloride, 
gave the corresponding N,N- dibenzhydryl deriva- 
tives (11) (3, 4). Since this type of substitution had 
not been previously encountered in this laboratory 
under any reaction conditions, this investigation was 
initiated to prepare~and study the products of the fu- 
sion reaction involving benzhydrol and the various 
sulfa$amides. 


These compounds would be interesting not only 
from the standpoint of their potentjal use in the 
qualitative analysis of this class of drugs but also as 
model compounds for theoretical studies of both the 
structure-activity relationships and the mode of ac- 
tion of the medicinal sulfanilamides. 


EXPERIMENTAL' 


2.6-Dibenzhydryl-4-methylaniline (111)-Compound 111 was 


Melting points were determined using a Thomas-Hoover capillary melt- 
ing-point apparatus and are uncorrected. IR spectra were recorded on a Per- 
kin-Elmer IR spectrophotometer, model 21, as Nujol mulls. NMR spectra 
were taken on a Varian Associates model A-60 spectrometer. EIemental 
analyses were performed by Messrs. Weiler and Straws, Oxford, England, 
and by the Microanalysis Laboratory, Department of Chemistry, University 
of Alberta. Benzhydrol was obtained as the commercial product from East- 
man Kodak Co., Rochester, N.Y., and used without further purification. The 
sulfanilamides were obtained commercially or were gifts from the manufac- 
turers. 


LI 


R = (C,H,),CH (3), CH,, CH(CH,),, 
C1, Br, NO2, COOCH,, COOCH,CH,,, 
OCH3 and OCHZCH, (4) 


obtained by following the method reported by Giraud (4) for the 
preparation of N,N- dibenzhydryl-4-methylaniline (11, R = CH3). 
To 2 g (0.019 mole) of p-toluidine and 3.5 g (0.038 mole) of 
benzhydrol was added 1 g of zinc chloride. The reaction mixture 
was heated in an open tube in a glycerin bath for 2 hr at approxi- 
mately 150O. 


After cooling, the solid residue was stirred with ethanol, result- 
ing in the immediate formation of fine crystals which melted at 
1 8 8 O  after several crystallizations from ethanol [lit. (4) mp 188' for 
the product of this reaction]; IR (mineral oil): 3390 and 3322 
(NHz) cm-'; NMR (CDCl3): T 2.82 (s,20H, C&,), 3.55 (9, 2H, aro- 
matic), 4.53 (s, 2H, methine), 6.74 (s, 2H, NHz, DzO exchangeable), 
and 8.03 (s, 3H, CH3). 


Anal.-Calc. for C33HzgN: C, 90.16; H, 6.65; N, 3.19. Found C, 
90.14; H, 6.54; N, 3.42. 
N-(2-Pyridyl)-~,3-dibenzhydrylsulfanilamide (1V)- 


Compound IV was obtained by fusing 1.0 g (0.004 mole) of sulfapy- 
ridine with 1.47 g (0.008 mole) of benzhydrol in the presence of 1.1 
g (0.008 mole) of zinc chloride at 150' for 10 min. The same prod- 
uct was also obtained from a similar reaction mixture fused for 45 
min a t  185'. Stirring with ethanol afforded a white product which, 
after three crystallizations from ethanol, melted at 232.5-234.5'; 
IR (mineral oil): 3390 (NH) and 1147 (S02) cm-l. 


Anal.-Calc. for C ~ ~ H ~ I N ~ O Z S :  C, 76.39; H, 5.37; N, 7.22. 
Found: C,.76.26; H, 5.43; N, 7.07. 
N-(2-Pyrimidyl)-1\P,3-dibenzhydrylsulfanilamide (V)- 


Compound V was prepared by fusing 2.2 g (0.005 mole) of benzhy- 
drol and 1.8 g (0.01 mole) of sulfadiazine in the presence of 1.36 g 
(0.01 mole) of zinc chloride at 150' for 5 min. Treatment of the 
cooled reaction mixture with ethanol yielded the title compound 
which, when recrystallized twice from an acetone-water mixture, 
melted at  249-250'; IR (mineral oil): 3367 (NH) and 1163 (Son) 
cm-'. 


Anal.-Calc. for CsH30N402S: C, 74.20; H, 5.19; N, 9.62. 
Found C, 74.24; H, 5.22; N, 9.48. 
3,5-Dibenzhydrylsulfanilamide (V1)-Fusion of 2.2 g (0.012 


com- 
pound 


I 
IV 
V 
VI 


VII 
VIII 
IX 
X 


XI 
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mole) of benzhydrol and 1.0 g (0.006 mole) of sulfanilamide in the 
presence of 1.6 g (0.012 mole) of zinc chloride for 30 min at  180' 
yielded a pasty material. On cooling and stirring with ethanol, the 
title compound was isolated, mp 296-297' (ethanol); IR (mineral 
oil): 3378,3300, and 3205 (NHz and S02NH2) cm-'. 


Anal.-Calc. for C ~ ~ H ~ S N Z O ~ S :  C, 76.16; H, 5.59; N, 5.55. 
Found C, 76.25; H, 5.81; N, 5.35. 
N'.3,5-Tribenzhydrylsulfanilamide (1X)-Fusion of 3.0 g 


(0.016 mole) of benzhydrol and 1.0 g (0.006 mole) of sulfanilamide' 
in the presence of 2.2 g (0.016 mole) of zinc chloride at  160' for 3 
min, followed by stirring in ethanol, yielded a white product. After 
several recrystallizations from ethanol, the compound melted at  
296'. A mixed melting point with VI showed no depression. 


The remainder of the solution was concentrated and the gummy 
residue was extracted with chloroform. Upon evaporation of the 
chloroform, a gummy material was again isolated. However, stir- 
ring the gum in ethanol yielded a white precipitate which, after 
several crystallizations from ethanol, melted at  193-194.5'; IR 
(mineral oil): 3390 and 3300 (NH2) cm-'. 


Anal.-Qlc. for C ~ ~ H ~ S N ~ O ~ S :  C, 80.56; H, 5.71; N, 4.18. 
Found: C, 80.69; H, 5.78; N, 4.42. 
N'-Xanthenyl-3,5-dibenzhydrylsulfanilamide (VI1)-Com- 


pound VII was prepared by reacting VI with xanthydrol following 
the procedure of Moskalyk and Chatten (1); mp 207-208' (ace- 
tone-water); IR (mineral oil): 3356, 3249, and 3289 (NH2 and 
S02NH) cm-'. 


Anal.-Calc. for C4&&02S: C, 78.92; H, 5.30; N, 4.09. 
Found: C, 78.38; H, 5.31; N, 4.40. 


The compound could not be purified further. 


RESULTS AND DISCUSSION 


The physical properties of the first few compounds isolated from 
the fusion reaction with several sulfanilamides did not appear to 
correspond to the type of structure illustrated by 11. Accordingly, 
the reaction of one of the compounds reported by Giraud (4). p- 
toluidine, was reexamined. Upon duplicating the procedure, a 
compound with an identical melting point (188') to that reported 
was recovered. Elemental analysis verified that the compound was 
a disubstituted derivative. However, examination of the NMR and 
IR spectra revealed that the product was 2,6-dibenzhydryl-4- 
methylaniline (111). 


The NMR spectrum consisted of five very well-resolved singlets. 
A 20-proton singlet a t  7 2.82 accounted for the aromatic protons on 
the two benzhydryl groups. Three two-proton singlets a t  T 3.55, 
4.53, and 6.74 accounted for the aromatic, methine, and amino pro- 
tons, respectively. The latter protons exchanged on deuteration. 
The last singlet, representing three protons, could be assigned to 
the methyl group ( T  8.03). In the IR, the spectrum still exhibited 
two peaks in the amino-stretching region, although these were de- 
pressed in intensity when compared to the pareht amine. 


In view of these results, the structure assigned to this compound 
by Giraud (4) (11, R = CH3) is incorrect. Furthermore, this same 
structural assignment made to the eight other para- substituted 
aniline derivatives represented in I1 now appear to be in doubt 
also. 


Sulfacetamide, when fused with benzhydrol at 150' for 2 hr, 
gave a product which did not exhibit any carbonyl or sulfonyl ab- 
sorption in the IR region. It was shown to be 2,6-dibenzhydrylani- 
line2, a compound that had been isolated previously from a reac- 
tion of p- aminobenzoic acid with benzhydrol(2). Fusion of the lat- 
ter two compounds also gave 2,6-dibenzhydrylaniline. 


Under similar reaction conditions, sulfapyridine failed to give a 
recoverable product. However, when the reaction was interrupted 
after 10 rnin at 150°, a white crystalline material was recovered 
which proved to be the dibenzhydryl derivative IV. The IR spec- 
trum showed but a single band in the amino-stretching region 
characteristic of N4- monosubstitution. The sulfonamide hydrogen 
was not substituted, as evidenced by the titratability of the com- 
pound as an acid3. The SO2 symmetric stretching frequency at  


Isolated from the reaction mixture after stirring with ethanol, mp 174- 
175.5' (acetone-water) [lit. (2) mp 17P175.5°]; IR (mineral oil): 3425 and 
3356 (NH2) cm-1. 


'Titrated in chloroform with 0.1 N KOH in methanol, using phenol- 


I11 


1147 cm-l suggested that the compound existed in the amido tau- 
tomeric form4, as illustrated in IV. Treatment of N4 -monobenzhy- 
drylsulfapyridine, prepared earlier (2), with benzhydrol under 
these fusion conditions gave IV, further supporting this structural 
assignment. 


Sulfadiazine also yielded a disubstituted derivative when fused 
with benzhydrol in the presence of zinc chloride for 5 min. This 
product was likewise shown to be substituted on the aminp nitro- 
gen and in the position ortho to the nitrogen (V). These com- 
pounds (IV and V) represent yet another type of substitution pat- 
tern possible under fusion conditions and thus cast further doubt 
on the validity of Giraud's structural assignments. 


Fusing sulfabenz with benzhydrol for 2 min afforded a mono- 
substituted product in very low yield. The compound was shown to 
be the N 4  -monobenzhydryl derivative5 reported previously. No 
disubstituted derivatives could be isolated from any of the fusion 
reactions carried out for longer periods. 


The preceding observations suggest that the first step in the al- 
kylation reactions under fusion conditions is the substitution of a 
hydrogen on the N4-nitrogen atom. This conclusion was borne out 
in the more detailed studies of the fusion reaction with sulfanila- 
mide itself. 


Sulfanilamide, when fused with a 2 molar ratio of benzhydrol a t  
180' for 30 min, afforded the dibenzhydryl derivative VI. Reaction 
of VI with xanthydrol gave VII. Employing a 3:1 molar ratio of 
benzhydrol to sulfanilamide, under identical reaction conditions, 
again gave VI, as did the reaction with a 5 1  molar ratio. The fail- 
ure of these reactions with large excesses of benzhydrol to give de- 
rivatives alkylated also at  the N' -position was puzzling in view of 
the ease with which this site can be alkylated with either benzhy- 
drol(2) or xanthydrol(1) in solution. 


Since alkylation at  the N' -position with xanthydrol proceeds 
readily a t  room temperature and that with benzhydrol proceeds 
readily a t  about 70', it seemed probable that N'-benzhydryl deriv- 
atives were being formed in the reaction but that they were subse- 
quently cleaved at  these higher fusion temperatures ( 150-180'). In 
support of this postulate, when a 3 molar ratio of benzhydrol was 
fused with sulfanilamide at  100' for 5 min, VIIF was isolated in 
high yield. To exemplify further the influence of the temperature, 
fusion of benzhydrol with sulfanilamide (3:l molar ratio) a t  160' 
afforded two compounds: VI and IX. Reaction of VI with benzhy- 
drol in nitromethane and perchloric acid catalyst gave IX; with 
xanthydrol, it gave VII. 


The preceding results suggest the sequence of steps for the reac- 
tion of benzhydrol with sulfanilamide at  different fusion tempera- 
tures illustrated by Scheme I. 


Although I and XI were not isolated under fusion conditions, I 
had been recovered previously from the corresponding reaction in 


< 1000 
ZnClz 


X + (CSH~)ZCHOH + I* 


160' 1000 
IX + VIII + XI* 


VI 
Scheme I-*Not isolated under fusion conditions 


4The SO2 symmetric stretching frequencies in the 1160-1145 and 1145- 
1125 cm-' ranges have been assigned to the amido and imido forms, respec- 
tivolv (1 5 )  \_,  _,. 


5 Isolated by extraction of the gummy residue with chloroform, mp 215- 


6 With a melting point of 206-208O (dioxane-water) [lit. (2) mp 206208°]. 
2 1 6 O  (ethanol) (lit. (2) mD 216218"l. 


phthalein as the indicator. 
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solution (2) and the xanthenyl analog of XI had been reported (1). 
The formation of VIII from an equimolar reaction suggests that 
the monosubstituted derivative I is more reactive than the parent 
sulfanilamide X to further alkylation and that the resulting prod- 
uct XI is even more susceptible to further alkylation. 


The conversion of VIII to IX a t  160° involves the rearrangement 
of a benzhydryl moiety from the N4 -position to the second o h o  - 
position on the phenyl ring. Some evidence was obtained to imply 
that this migration is an intramolecular one and could either occur 
by a concerted process or through an ion-pair intermediate. When 
VIII was heated in the presence of zinc chloride and pure sulfanila- 
mide (X), the only product that could be isolated was IX, and 
there was no indication of any cross-products of an intermolecular 
process being formed. When this reaction was repeated using 
naphthalene rather than sulfanilamide, once again IX was the only 
product isolated. Fusion of I with sulfanilamide in the presence of 
zinc chloride somewhat surprisingly gave VI. Since no free benzhy- 
drol was present in the reaction mixture, the second benzhydryl 
radical must have come from another molecule of I. This result 
tends to support an intramolecular rearrangement uia an ion-pair 
mechanism. 


When VIII was heated at  210' with an equal weight of sulfanila- 
mide (X) in the absence of zinc chloride, only starting material was 
recovered. Therefore, these benzhydryl rearrangements are not 
simply thermodynamic, and the zinc chloride obviously functions 
as a Lewis acid in a manner analogous to that found in the benzi- 
dine rearrangement. 


Rearrangements involving benzhydryl groups have been re- 
ported, but the mechanistic aspects have not been studied in de- 
tail. The rearrangement of the benzhydryl ether of 0- cresol, in the 
presence of zinc chloride, to give the corresponding p -benzhydryl- 
o-methylphenol was reported (61, and the rearrangement of N- 
benzhydrylsalicylamide to the corresponding para-substituted 
phenol was observed (7). N-Benzhydryl-o-toluidine was found to 
yield two products, the p-benzhydryl- and the opdibenzhy- 
drylanilines, when heated in a hydrochloric-acetic acid medium 
(8). When the reaction was carried out in the presence of o-cresol, 
the cross-product, p-benzhydryl-o-methylphenol, was also recov- 
ered; accordingly, it was concluded that the rearrangement oc- 
curred through an intermolecular process. The apparent intramo- 
lecular rearrangement of the benzhydryl group observed in this 
study does not appear to have a precedent. 


Attempted fusion reactions with sulfamerazine, sulfamethazine, 
sulfachlorpyridazine, sulfamethoxypyridazine, sulfaphenazole, sul- 
faquinoxaline, sulfamethoxazole, sulfadimethoxine;sulfaproxyline, 
sulfisoxazole, sulfamethizole. sulfathiazole, sulfaethidole, and sul- 
faguanidine afforded gums which could not be crystallized. Nu- 
merous attempts employing different reaction temperatures, dif- 
ferent reaction times, and varying amounts of catalyst with each 


sulfanilamide invariably gave unresolvable gums. The only excep- 
tians were sulfaq~inoxaline~ and sulfamethizole8, both of which af- 
forded the corresponding N' -monobenzhydryl derivatives at lower 
fusion temperatures for shorter periods. Therefore, contrary to the 
report by Giraud (41, this reaction, under the conditions used in 
this study, did not yield N,N -dibenzhydryl derivatives with para - 
substituted anilines nor any other readily recoverable products 
with the majority of the sulfanilamides studied. 
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7Fusion at  130° for 10 min, mp 223-225O (acetone-water) [lit. (2) mp 


8 Fusion a t  130° for 5 min and stirring of the residue with ethanol, mp 
224-225'1. 


214-215.5' (chloroform-hexane) [lit. (2) mp 212-212.5']. 
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Kinetics of Sulfite-Induced Anaerobic 
Degradation of Epinephrine 


B. R. HAJRATWALA 


Abstract 0 The rate constant-pH profile of the rate of sulfite- 
induced disappearance of epinephrine from an aqueous solution 
under anaerobic conditions was determined a t  81' in the 3.63-5.00 
pH range at the ionic strength of 0.2. The profile shows a linear re- 
lationship with a positive slope. The anaerobic rate shows buffer 
catalysis above pH 4.4. Metabisulfite was found to be more cata- 
lytic than either bisulfite or acetone bisulfite. The concentration of 
epinephrine used was 5.5 X 


Keyphrases 0 Epinephrine-kinetics of sulfite-induced anaero- 
bic degradation 0 Antioxidants-effect on epinephrine degrada- 
tion, kinetics of sulfite-induced anaerobic degradation Degrada- 
tion-epinephrine, sulfite induced, kinetics Stability-epineph- 
rine, kinetics of sulfite-induced degradation 0 Sulfites-role in an- 
aerobic degradation of epinephrine, kinetics 


molebiter. 


Epinephrine degradation in aqueous solutions can 
occur via racemization or oxidation, either in the 
presence or absence of oxygen. Of various studies 
(1-5) on epinephrine degradation by racemization, 
only one (5) was a kinetic study and it was limited to 
the 0.05-1.40 pH range. The epinephrine concentra- 
tion ranged from 0.05 to 0.3 molehiter. The study 
shows that the racemization of epinephrine in acidic 
solutions is specific hydrogen-ion catalyzed. 


The kinetics of bisulfite-induced degradation of 
epinephrine were studied (6-lo), and the bimolecular 
kinetics of epinephrine with sulfite ion were estab- 
lished. The study was done in the 4-7 pH range. The 
kinetics of epinephrine degradation in solution by 
molecular oxygen are a complex function of epineph- 
rine concentration and oxygen (11). 


The degradation kinetics of epinephrine when 
present in other products, e.g., lidocaine hydrochlo- 
ride injection (12), have not been published. The pur- 
pose of this investigation was to study the anaerobic 
degradation of epinephrine in aqueous solution over 
the 3.63-5.00 pH range (this generally covers the 
range of USP XVIII products containing epineph- 
rine) as a preliminary to stability studies on products 
containing epinephrine. The concentration of epi- 
nephrine used was 0.001% (5.5 X 10-5.mole/liter), the 
maximum allowed in lidocaine hydrochloride injec- 
tion. The degradation of epinephrine was induced by 
sodium metabisulfite. 


EXPERIMENTAL 


Materials-All materials used were of analytically pure grade. 
These included epinephrine (the l-form), anhydrous sodium ace- 
tate, acetic acid, sodium chloride, sodium bisulfite, sodium meta- 
bisulfite, and sodium acetone bisulfite. 


Standardization of Epinephrine-The epinephrine was 
standardized against primary standard epinephrine bitartrate 
USP using a spectrofluorometric method (12). It was found to con- 
tain 99.82% epinephrine. 


Kinetic Studies-An accurately weighed quantity (approxi- 


Table I-Effect of Acetate Buffer Concentration on 
Degradation of Epinephrine at 81" and  Ionic Strength 0.2 


Buffer 
Concentration, K x 103, 


PH mole/liter ll-' ti/?, hr 


3.63 0.02 
0.03 
0.07 


2.98 ~ ~~ 


2.78 
2.89 


4.15 0.02 3.96 
0.03 4.13 
0.07 3.86 


4.62 0.01 4.83 
0.03 5.01 
0.07 4.94 
0.10 4.90 


5.00 0.03 6.08 
0.07 6.35 
0.10 6.70 


233 
250 
241 
175 
168 
179 
144 
138 
140 
141 
114 
109 
103 


mately 10 mg) of epinephrine was added to a 1-liter amber-colored 
volumetric flask and dissolved in an appropriate buffer solution 
containing 0.05% sodium metabisulfite (sodium chloride added to 
desired ionic strength), which had been preheated to 81'. Type I 
glass vials (30 ml) were preheated to 81' and filled with approxi- 
mately 30 ml each of epinephrine solution under anaerobic condi- 
tions (using nitrogen). The vials were tightly sealed with rub.ber 
stoppers' and aluminum seals and were then, placed in a constant- 
temperature circulator bath previously adjusted to 81 f 0.1'. 


The vials were allowed to equilibrate thermally. A t  appropriate 
time intervals, vials were removed from the bath and chilled, and 
their contents were analyzed for epinephrine using the USP XVIII 
spectrofluorometric method (12). The pH of each sample was mea- 
sured to ensure the constancy of pH during the entire procedure. 
The degradation followed first-order kinetics (Fig. 1). The appar- 
ent first-order rate constants (Table I) were calculated using re- 


-4.20 I 


1 -5.00 


-5.20 t , , , , , , 


100 200 300 400 
HOURS 


Figure 1-Plot showing the overall first-order character of 
anaerobic degradation of epinephrine a t  various p H  values in 
0.03 M acetate buffer a t  81 '. Key: 0, p H  3.63; A, p H  4.15; 
D, pH 4.62; and (c, p H  5.00. 


' 1109 compound rubber stoppers, West Co., Phoenixville, PA 19460 
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Table 11-Effect of Various Antioxidants (2.63 X 10-8 
mole/liter) on Anaerobic Degradation of Epinephrine in 0.03 
M Acetate Buffer, p H  4.73, at 81 O and Ionic Strength 0.02 


Sodium bisulfite 3.81 182 
Sodium acetone bisulfite 3 .97  175 
Sodium metabisulfite 4 .92 141 


-2.1 1 
~ 


0.1 0.2 0.3 0.4 0.5 
dF 


Figure 2-Efect of ionic strength (I) on the degradation of 
epinephrine at 81' in 0.1 M acetate buffers at various p H  
values. Key:  0, p H  3.63; and A, p H  5.00. 


gression analysis and 5-10 points. Correlation coefficients were be- 
tween -0.918 and -0.999. 


Effect of Ionic Strength-The effect of ionic strength was in- 
vestigated at  pH 3.63 and 5.00, using 0.1 M acetate buffers adjust- 
ed to ionic strengths of 0.01,0.04,0.07,0.09, 0.12, and 0.20 by addi- 
tion of sodium chloride (Fig. 2). The concentration of metabisulfite 
used was 0.05%. 


Effect of Various Antioxidants-The antioxidants used were 
sodium bisulfite, sodium metabisulfite, and sodium acetone bisul- 
fite in concentrations of 2.63 X moleniter in 0.03 M acetate 
buffer a t  pH 4.63 and ionic strength of 0.02 (Table 11). 


Degradation in Acetate Buffers-The degradation of epi- 
nephrine 'was studied in buffer containing varying concentrations 
of acetate at pH 3.63,4.15,4.62, and 5.00 a t  constant ionic strength 
of 0.2. Figure 3 shows the relationship between buffer concentra- 
tion and the rate of degradation of epinephrine. The concentration 
of metabisulfite used was 0.05%. 


pH-Rate Constant Profile-Table I11 shows the effect of hy- 
drogen-ion concentration. The first-order rate constants ( k o )  were 
obtained by extrapolation from Fig. 3 at zero buffer concentration. 
The pH-rate constant profile is shown in Fig. 4. 


RESULTS AND DISCUSSION 


At  pH 5.00, the rate constant is independent of ionic strength. 
This indicates either the reaction of positive or negative ions with 
a neutral molecule or a unimolecular reaction of a positive, nega- 
tive, or neutral molecule. At pH 3.63, the rate constant decreases 
with increasing ionic strength with a slope much less than 1 (ap- 
proximately 0.1). A negative slope of less than 1 suggests that the 
reaction of ions of unlike sign is not dominating and that other 
reactions are occurring at this pH. 


Table I1 shows that metabisulfite-induced degradation i s  greater 
than that for bisulfite or acetone bisulfite at pH 4.63. Riegelman 


5 1 1 -  
I- 4 s 
-L( x 3 1 1  


* t  
I,.,,,,,,,,, 


0.01 0.03 0.05 0.07 0.09 0.11 
TOTAL ACETATE, rnole/liter 


Figure 3-Efect of acetate concentration on the rate of de- 
gradation of epinephrine at 81 O at various p H  values and ionic 
strength of 0.2. Key:  0, p H  3.63; A, p H  4.15; 0, p H  4.62; 
and a, p H  5.00. 


Antioxidant 
K x 103, 


hr-1 hr 


and Fischer (13) showed that boric acid, which chelates with the 
catechol nucleus of epinephrine, protects it from inactivation by 
sulfite (6). Unfortunately, boric acid is toxic and cannot be used in 
injectables. Hence, sulfites continue to be used as antioxidants in 
marketed epinephrine-containing products (14), although they are 
far from ideal. 


The effect of total acetate concentration on the rate of degrada- 
tion of epinephrine is shown in Fig. 3. The total acetate concentra- 
tion is: 


[ A c ] ~  [HOAC] + [OAC-] (Eq. 1) 


where [HOAc] is undissociated acetic acid and [OAc-] is dissociat- 
ed acetic acid. The rate constants shown in Table I were obtained 
from log concentration versus time plots a t  each buffer concentra- 
tion. 


Only a t  pH 5.00 does increasing total acetate concentration in- 
crease the rate of degradation of epinephrine. Using the Harned 
and Owen equation (15), the pKa for acetic acid was calculated as 
4.88 at 81'. The epinephrine pKa is 8.55 (16). Since this value is 
far removed from the pH range used in this study, the temperature 
effect on pKa of epinephrine was ignored. 
In the pH range studied, epinephrine exists almost entirely as 


the positively charged (EpH+) species. At pH 4.62 and below, nei- 
ther the HOAc nor the OAc- species is catalytic to the EpH+ 
species. At pH 5.00, acetate (probably OAc-) appears to be cata- 
lytic to the EpH+ species. 


The pH-rate constant profile is a valuable way of presenting ki- 
netic data for reactions that are pH sensitive, e.g., degradation of 
epinephrine. The pH-rate constant relationship of Table 111 can 
be expressed by the linear equation: 


L$hr-') = 2.10 X 10-3pH - 4.76 X (Eq. 2) 


with a standard error of 3.7 x 


rine, the following reactions are taken into account: 
In considering the effect of pH on the degradation of epineph- 


Ep + products (Reaction 1) 


Ep -I- H+ products (Reaction 2) 


(Reaction 3) 


E p e  A products (Reaction 4) 


EpH+ + H+ products (Reaction 5) 


EpH' -t O H  products (Reaction 6) 


where Ep is unprotonated base and EpH+ is protonated base, and: 


Ep + H,A -+ products (Reaction 7) 


(Reaction 8) Ep + HA- a products 
Ep f A-L - k, products (Reaction 9) 


EpH+ + H,A - products (Reaction 10) 


E p V  + HA- 4 products (Reaction 11) 


E p p  + A-2 5 products (Reaction 12) 


k, 


Ep + OH- % products 


k. 


k 


k,,, 


k 


k 
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7t Table 111-Catalytic Effect of Hydrogen Ion on 
Degradation of Epinephrine at 81 O and Ionic Strength 0.2a 


ko X lo3, 
PH hr -1 hr -1 


3 . 6 3  2 . 8 5  2 .867  
4 . 1 5  4 . 0 0  3 .960  
4 . 6 2  4 . 9 2  4 .947  
5 . 0 0  5 . 7 5  5 . 7 4 6  


koaic X lo3,  


a The ko valuea were obtained by extrapolation from Fig. 3; the keaio values 
were obtained using Eq. 2. 


where HzA, HA, and A-* are undissociated, monodissociated, and 
didissociated species of sulfurous acid, respectively. Kinetically, 
Reactions 1 and 6, 2 and 4, 7 and 11, and 8 and 12 are equivalent 
and cannot be distinguished from each other. Thus, Reactions 1,2,  
3, 5 , 7 , 8 , 9 ,  and 10 are considered. The overall velocity of the reac- 
tion should be equal to the sum of the rates of these reactions: 


h,(EpH+XH+) + h7(Ep)(H,A) + k,(Ep)(HA-) + 
~ ~ E P N A - ~ )  + kdEpH+XH,A) (Eq. 3) 


Because of the overall first-order character of the reaction: 


combining Eq. 4 and: 


(Eq. 4) 


(Eq. 5 )  


and substituting in Eq. 3 gives: 


kS(H+)L + k7K,‘AT(H+)2 
( K :  + H+) ( K :  + H+K(H+Y + K,,W + K,,*K,, ,*I + 


k,K,‘K,,*A,(H+) + (KOi  + H+)[(H+)’ + K,;H+ + K,,‘K,,  ] 


+ ksK,‘K,,’K,,’AT 
(K,: + H+)[(H+)’ + K,,’H+ + K , , ’ K , ’ ]  


~ I ~ ( H + ) ~ A T  
(Es. 8)  ( K :  + H+X(H+Y + K,,’H+ + K,>,’K, ’]  


where A T  = (H2A) + (HA-) + (A-2), (Ep), = (EpH+) + (Ep), and 
K, = autoprotolysis constant. 


For the pH range studied, H+ >> K,‘ and Kazs << H+ << KaIh 
[K,,” = 1.54 X lo-* and K.,s = 1.02 X (19)]. Thus, Eq. 8 re- 
duces to: 


kOh = a + b ( p )  + c/(H+) + d/(H+)L 


where a = kzK,‘ + (k7KoA~/Ka1’), b = k g  + ( ~ ~ ~ A T I K , ~ ~ ) ,  c = 
klKa‘ + k$(aeATI and d = k8a‘Ku + ksKaeK,,l’AT However, 
Eq. 9 does not fit the experimental data. 


There are three possible reasons for the apparent failure of the 
proposed mechanism to fit the experimental results: 


1. The mechanism is more complex than the one proposed, 
probably involving free radicals. 


2. The proposed mechanism is incorrect and the various as- 
sumptions made in proposing the set of 12 reactions are incorrect. 


(Eq. 9) 


5 
7 


2 3 4 5 
PH 


Figure 4-The pH-rate constant profile for sulfite-induced 
epinephrine degradation in aqueous solution at 81 O and ionic 
strength of 0.2. 


However, this is not very likely; the complex degradation of mor- 
phine and ascorbic acid was successfully described on the basis of 
similar principles (18,19). 


3. The mechanism may hold good, but over the narrow pH 
range the polynomial (Eq. 9) has an approximately linear segment. 


SUMMARY AND CONCLUSION 


The pH dependence of sulfite-induced anaerobic degradation of 
epinephrine was determined at  8 l0  over the 3.63-5.00 pH range at 
the ionic strength of 0.2. The rate of disappearance of epinephrine 
was obtained by determining the concentration of unreacted epi- 
nephrine versus time using the USP XVIII spectrofluorometric 
method. An apparent first-order rate of degradation was observed. 


The primary salt effect was almost zero at  pH 3.63 and 5.00. Ac- 
etate ions, undissociated and monodissociated, are not catalytic to 
protonated epinephrine at  pH 4.62 and below. At pH 5.00, mono- 
dissociated acetate ions appear to be catalytic to protonated epi- 
nephrine species. The pH-rate constant profile shows a linear rela- 
tionship in the pH regions studied (Eq. 2). 


The pH-rate constant profile is not readily explained on a 
mechanism based on a set of 12 reactions (among species present). 


The effects of various antioxidants show that metabisulfite is 
more catalytic to epinephrine degradation than bisulfite or acetone 
bisulfite. 
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Solubility of Nonelectrolytes in Polar Solvents 111: 
Alkyl p -  Aminobenzoates in Polar and Mixed Solvents 


S. H. YALKOWSKY x, G. L. AMIDON *, G. ZOGRAFI *, and 
G. L. FLY”* 


Abstract 0 The relative solubilities of n- alkyl p- aminobenzoates 
in water, propylene glycol-water mixtures, propylene glycol, and 
several other pharmaceutically important solvents can be predict- 
ed on the basis of a theoretical equation. This equation relates the 
activity coefficient of the hydrophobic portion of the molecule to 
the product of its surface area and itsinterfacial tension [free ener- 
gy per unit area of a hydrocarbon (tetradecane) against the polar 
or semipolar solvent of interest]. The assumptions, conclusions, 
and applicability of the theoretical relationship are compared to  
those of the Scatchard-Hildebrand approach. 


Keyphrases 0 p- Aminobenzoates, alkyl-solubility in polar and 
mixed solvents, equation developed for predicting solubility 0 Al- 
kyl p- aminobenzoates-solubility in polar and mixed solvents, 
equation developed for predicting solubility 0 Solubility-alkyl 
p- aminobenzoates in polar and mixed solvents, equation devel- 
oped for predicting solubility, compared to Scatchard-Hildebrand 
approach 0 Solvents, polar-solubility of nonelectrolytes (alkyl 
p- aminobenzoates) 


From a pharmaceutical point of view, the most im- 
portant physical-chemical property of a substance is 
its aqueous solubility. In addition to designating the 
maximum concentration (blood level) attainable for a 
drug, aqueous solubility is a dominant factor in parti- 
tioning and adsorption onto biological surfaces. Solu- 
bility in water-miscible polar solvents and in mixed 
aqueous solvents is also of great potential utility in 
the design of parenteral, topical, and liquid vehicles 
for drugs. 


The ability to predict the effects of even simple 
structural modifications or vehicle modifications on 
solubility can be of great value in the design of im- 
proved drugs and drug delivery systems. Theoretical 
descriptions of solubility have mainly been restricted 
to either nonpolar solutes in nonpolar solvents (1-4) 
or to salts and other highly polar solutes in water (5) 
and are thus not directly applicatie to either aqueous 
(or polar) solvents of pharmaceutical interest. Sever- 
al empirical correlations between structure and aque- 
ous solubility have been published (6-8) but have not 
received wide acceptance. 


Recently, the authors (9, 10) applied an “interfa- 
cial” model to the solubilities of aliphatic alcohols 


and hydrocarbons in water. This model equates the 
combined attractive and repulsive forces between the 
hydrocarbon portion of the molecule and water with 
the product of the molecular surface area and the 
free energy per unit area (the latter being related to 
the curvature corrected hydrocarbon-water interfa- 
cial tension). It has been used successfully for pri- 
mary, secondary, tertiary, linear, branched, and cy- 
clic alcohols and hydrocarbons (10) and also for other 
liquid series1. I t  is also applicable to series whose 
members are crystalline provided that the ideal solu- 
bility (determined from thermal data) is taken into 
account. 


THEORETICAL 


In an ideal solution, the solute-solute and solvent-solvent inter- 
actions are equivalent to the solute-solvent interactions, and there 
is no change in heat or volume on mixing. Thus, the only thermo- 
dynamic.factor affecting solubility is the entropy of mixing, which 
results in infinite miscibility or a mole fractional solute solubility 
( X 2 )  of unity. This is frequently written as: 


(Es. 1) -1% (X,)ideal = 0 


If the solute is a solid, the crystal lattice energy opposes the so- 
lution process. The magnitude of this effect on solubility is ap- 
proximately: 


where AH/ is the molar heat of fusion of the crystal having an ab- 
solute melting point of T,, R is the gas constant, and T is the abso- 
lute temperature. At the melting point, where the solute becomes a 
liquid, (Tf - T) vanishes and Eq. 2 becomes Eq. 1. 


Virtually all pharmaceutically important solutes have aqueous 
and polar solvent solubilities well below their ideal values. For 
these solutes, the deviation from ideality is described by an activi- 
ty coefficient (ac) defined so that: 


-log X p  = log X p a ’  + IO!gg(ac) (Eq. 3) 


The activity coefficient reflects the sum of: (a) the work required 
to remove a solute molecule from its surrounding of other solute 
molecules, W22; (b)  the work required to create a cavity in the sol- 


’ S. H. Yalkowsky and G. L. Amidon, unpublished observations. 
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REVIEWS 


Terpenoids and Steroids, Vol. 3. Senior Reporter, K. H. OVER- 
TON. Specialist Periodical Reports, The Chemical Society, Bur- 
lington House, London WIV OBN, England, 1973. 527 pp. 15 X 
22 cm. Price $12. (Orders should be addressed to The Publica- 
tion Sales Officer, The Chemical Society, Blackhorse Road, 
Letchworth, Herts., SG6 IHN, England) 
This is the third volume on terpenoids and steroids in a valuable 


series first published 3 years ago. The aim of the various series of 
Specialist Periodical Reports is to provide systematic, compre- 
hensive, and critical review coverage of progress in the major areas 
of chemical research. The various series are being published annu- 
ally or biennially on such topics as Amino Acids, Peptides, and 
Proteins; Alkaloids; Photochemistry; Foreign Compound Metabo- 
lism in Mammals; Carbohydrate Chemistry; and Biosynthesis. 


This volume does not contain a subject index but is organized in 
a systematic manner which facilitates finding any information 
being sought. The six pages in the Table of Contents outline this 
reference in detail. The chapters are divided into many sections 
which are identified in boldface type in the text as well as in the 
Table of Contents. These sections are further divided into subsec- 
tions. Chapter titles are found at  the top of every second page of 
the text. There is an author index which is helpful to those fol- 
lowing the research of a given individual. 


This review is illustrated with drawings of over 2500 chemical 
structures. It is documented with 1800 references which are listed 
a t  the bottom of the first page of each chapter where used. 


Part I, which covers the terpenoids, is divided into six chapters 
covering the usual chemical classes of terpenoids and a seventh 
chapter on biosynthesis of terpenoids and steroids. Pharmaceuti- 
cal scientists will find many sections of special interest, e.g., ana- 
lytical methods, biological activity, cannabinoids, and diterpene 
alkaloids. 


Part 11, which covers steroids, is divided into two large chapters. 
The chapter on steroid properties and reactions is divided into sec- 
tions based upon more common functional groups, a section on 
compounds of nitrogen and sulfur, and sections upon such impor- 
tant subjects as molecular rearrangements, stereochemistry and 
conformational analysis, functionalization of nonactivated posi- 
tions, and photochemical reactions. The chapter on steroid synthe- 
sis includes sections on oestranes, androstanes, pregnanes, choles- 
tanes, and total synthesis as well as  sections of special interest to 
pharmaceutical scientists which include insect and plant hor- 
mones, alkaloids, sapogenins, bufodienolides, and cardenolides. 


It is a credit to the eight reporters who wrote this volume that it 
is so well done. It meets the standards set by the Chemical Society 
for these “Reports.” Although this volume includes a comprehen- 
sive review of chemical studies of terpenoids and steroids, it de- 
votes no space to the isolation and structure determination of 
these substances from plant or animal sources. This was the only 
disappointment to the reviewer. 


Everyone interested in the chemistry of terpenoids and/or ste- 
roids should have access to this volume and others in the series. It 
would be a great time saver. The cost will tend, however, to  limit 


the distribution of this series to libraries and the more dedicated 
researchers and scholars in these fields. 


Reoiewed by Norman J. Doorenbos 
School of Pharmacy 
University of Mississippi 
University, M S  38677 


Reaction Mechanisms in Organic Analytical Chemistry. By 
KENNETH A. CONNERS. Wiley, New York, N.Y., 1973. xiii + 
634 pp. 14.5 X 22.5 cm. Price $18.50. 
Since the early 1950’s, when chemical kinetics became a popular 


tool for studying drug stability, there has been a need for a suitable 
graduate level text covering drug-oriented physical organic chem- 
istry and stressing kinetics and mechanisms in aqueous solutions. 
This problem has been made more acute by the trends of graduate 
level chemistry courses in these areas toward more sophisticated 
theoretical concerns a t  the expense of the subject matter most use- 
ful in pharmaceutical research and many other applied sciences. 
Some biochemistry departments have countered this trend by in- 
troducing in their programs new courses which make use of rela- 
tively recent books in the field of bioorganic mechanisms. While 
these are useful texts, they are not entirely appropriate for consid- 
ering either stability or analysis of drugs. 


Dr. Conners, a well-established author, has done an excellent job 
in providing a text on the kinetics and reactivity of organic func- 
tional groups in aqueous solutions for both the pharmaceutical and 
analytical chemist. Many examples used in the book are drugs. 
The book is well suited for self study or formal courses. There are 
13 chapters and each chapter is followed by practice problems. 


The book is unique in many ways. It presents the most compre- 
hensive section on pH-rate profiles that I have seen in a text to 
date. In this treatment, errors which are commonly made in the lit- 
erature are clearly pointed out. 


In yet another section, a unique summary of reactions used in 
organic analysis is provided. The book is comprehensive, clearly 
and skillfully written, well referenced (more than 1000 citations), 
and effectively organized. The chapter titles are: Introduction, 
Chemical Equilibria, Reaction Rates, Extrathermodynamic Rela- 
tionships, Selectivity, Sensitivity, Electrophilic Aromatic Substi- 
tution, Nucleophilic Aromatic Substitution, Nucleophilic Aliphatic 
Substitution, Addition to Carbon-Carbon Multiple Bonds, p- 
Elimination, Addition to Carbon-Heteroatom Multiple Bonds, 
and Acyl Transfer. 


In summary, I would highly recommend this book to anyone in- 
terested in the reactivity, analysis, or aqueous stability of organic 
functional groups. 


Reoiewed by Robert E. Notari 
College of Pharmacy 
Ohio State Unioersity 
Columbus, OH 43210 
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NMR (deuterochloroform): 6 2.00 (s, 3H, C&), 2.67 (t, 2H, 
CH2C02R),4.34 (t, 2H, CHZOCOCH~), 5.14 (9, 2H, CHzCsHs), and 
7.32 (s,5H, ArH). 


And-Calc. for C12Hl404: C, 64.85; H, 6.34. Found C, 65.01; H, 
6.27. 


cis-Benzyl 2-Acetoxycyclopropanecarboxylate (XU)-A 
procedure similar to that described for XI11 was utilized with 10.9 
g (0.05 mole) of IX and 57.2 g (0.44 mole) of trifluoroperacetic acid. 
The 3.3 g of crude oily product was treated with 4.8 g of Girard's 
reagent P2 and 3 ml of acetic acid in 40 ml of refluxing methanol 
for 4 hr. Ice water (50 ml) was added to the hot solution, and it was 
brought to neutrality with solid potassium carbonate. This solu- 
tion was extracted with methylene chloride, and the extract was 
washed with water and dried over magnesium sulfate. Removal of 
the solvent and distillation of the residual liquid at 113O (0.035 
mm) gave 2.5 g (25%) of product; IR (film): 1730 (ester C=O) 
cm-'; NMR (deuterochloroform): 6 1.08-2.23 (m, 3H, ring H), 1.93 
(s, 3H, CH3), 4.00-4.44 (m, lH,  CHOCOCH3), 5.16 (5, 2H, CH2- 
C ~ H J ) ,  and 7.38 (s, 5H, ArH). 


Anal.-Calc. for C13HI4O4: C, 66.66; H, 6.02. Found: C, 66.49; H, 
6.18. 


* Eastman. 
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Synthesis and Biological Evaluation of 
2 - (9 - Acridinyl) et hy 1 -N- substituted Car bamates and 
Their Hydrochlorides and 10-N- Oxides 


JAMES T. STEWARTX and RICHARD E. GAMMANS 


Abstract The syntheses of 2-(9-acridinyl)ethyl-N-substituted 
carbamates and their hydrochlorides and 10-N-oxides are reported 
along with biological results in the areas of antineoplastic, antima- 
larial, and CNS activity screening. The compounds showed nega- 
tive biological activity in the areas tested. 


Keyphrases 2-(9-Acridinyl)ethyl-N-substituted carbamates, 
hydrochlorides, and 10-N-oxides-synthesis, pharmacological ac- 
tivity Antineoplastic activity-synthesis and screening of 2-(9- 
acridiny1)ethyl-N-substituted carbamates, hydrochlorides, and 
10-N-oxides 


Acridine derivatives have been tested extensively 
for potential medicinal activity. Antibacterial (1, 2), 
antimalarial (3), anthelmintic (4), analeptic (9, and 
antineoplastic (6-10) activities have been reported 
for many substituted acridines. The synthesis of new 
acridine derivatives containing urea, thiourea, thio- 
carbamate, and carbamate groupings has been re- 
ported from this laboratory (11,12). While possessing 
little or no anticancer activity, a general pharmaco- 
logical screen revealed activity in antibacterial, meta- 
bolic, parasitologic, and GI screening procedures for 
some derivatives. 


In a continuation of a study into the synthesis and 
potential biological activity of new acridine com- 
pounds, this paper reports the synthesis and antineo- 
plastic screening data for 2-(9-acridinyl)ethyl-N-sub- 


stituted carbamates and their hydrochlorides and 
10-N-oxides. In addition, biological results for some 
compounds in antimalarial and central nervous sys- 
tem (CNS) activity screening procedures are re- 
ported. 


DISCUSSION 


The incorporation of the carbamate and acridine moieties into 
one structure is of special interest, since each structure is singly 
present in compounds that have shown various degrees of antineo- 
plastic activity (610,  13-15). The interaction of acridines with nu- 
cleic acids and inhibition of nucleic acid synthesis is well docu- 
mented (16,17). Acridines tend to  accumulate selectively in tumor 
tissue (18, 19) showing inhibition of tumor growth, reduction of 
rate of growth, and, in some cases, regression of tumor size. Never- 
theless, no clinically useful agent has been found among the acrid- 
ines tested, most of which have been substituted 9-aminoacridines. 
Structures containing carbamate esters also have been reported to 
have potent antitumor activity (13,14). Ethyl carbamate itself has 
been used both for the production of tumors in experimental ani- 
mals and for the treatment of chronic leukemia and multiple mye- 
loma (15). Some evidence also indicates that carbamates are in- 
volved in alkylation of DNA (20). 


The mechanism by which these new acridine carbamates were 
expected to exert their antineoplastic effect was by selective ab- 
sorption in cancerous tissue followed by a two-pronged attack 
upon the nucleic acids of the cancer cells. The acridine ring would 
be expected to interact with the nucleic acid bases, thus holding 
the carbamate portion in close proximity to the bases to facilitate 
alkylation by the carbamate. 
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C H , - C H I - O - ~ 0 - ~ ~ - ~  


Table 1-2- (9-Acridinyl) ethyl-N-substituted Carbamates, Hydrochlorides, and 10-N-Oxides 


Compound R 
Method Analysis, % Melting of Syn- Yield, 


Found Calc. Point  thesis" % Xmax (ethanol), n m  


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


213-215' 


125-126 O 


183-184' 


133-135 ' 


200" dec. 


126-130 ' 


159-160' 


135' dec. 


169-171' 


142-145' 


218-220 ' 


180-181° 


Ab 50 


B 74 


B 94 


B 92 


10-Hydroc hlorides 
C 95 


C 97 


C 97 


C 98 


10-N-Oxides 
D 30 


D 40 


D 72 


D 10 


252 (2 .0  x 105) 


252 (1.2 x 1 0 5 )  


252 (8 .1  X 104) 


250 (1.3 x 105) 


252 (1.7 x 1 0 5 )  


252 (8.2 X lo4) 


252 (1.4 x 105) 


252 (1 .4  X lo6) 


266 (8.0 X lo4) 


266 (4.9 x 104) 


265 (9.0 x 1 0 4 )  


266 (1.7 x 105) 


C 72.16 
H 5.30 
N 10.52 
C 69.64 
H 5 .84  
N C 77.17 9 .06  


H 5.30 
N 8 . 1 8  
C 63.29 
H 4.62 
N 6.42 


C 63.47 
H 4 .99  
N 9 .25  
C 65.35 
H 5 . 7 9  
N 8 .47  
C 69 .71  
H 5 .05  
N 7.40 
C 60.46 
H 4 .63  
N 6.13 


C 68.07 
H 4.99 
N 9 .92  
C 69.64 
H 5 .84  
N 9.06 c 73.73 
H 5.06 
N 7.82 
C 63.29 
H 4.62 
N 6 .42  


71.92 
5 . 5 1  


10.40 
69.72 
5.88 
8 . 9 7  


77.30 
5 . 3 9  
8.17 


63.07 
4 . 7 1  
6 . 2 8  


63.53 
5 . 0 4  
9 . 2 3  


65.52 
5.86 
8.44 


69.92 
5.15 
7.33 


60 .58  
4.77 
6 . 0 6  


67.70 
4 .94  
9 .55  


69.72 
5 . 8 8  
8 . 9 7  


73.84 
5 . 1 9  
7 . 7 1  


63.07 
4 . 7 1  
6 . 2 8  


" Letters refer to the experimental procedures. Procedure modified from general method described in Ref. 17. 


The hydrochloride salts of the various acridine carbamates were 
prepared to increase polarity of the molecules and, therefore, their 
water solubility. The 10-N-oxide derivatives were also synthesized, 
since it has been reported that oxidation of the acridine ring nitro- 
gen reduces the toxicity of the agent by increasing renal clearance 
(21). 


EXPERIMENTAL' 


Chemistry-The carbamates were synthesized by reaction of 
a-(g-acridinyl)ethyl alcohol with sodium cyanate, trifluoroacetic 
acid (22), and/or the respective isocyanate (23). The starting alco- 
hol was obtained in a few synthetic steps from commercial materi- 
als (24,251. The hydrochlorides were prepared from the respective 
carbamates with ethereal hydrogen chloride solution, and the 10- 
N-oxides were prepared using rn-chloroperbenzoic acid. The syn- 
thesized compounds are shown in Table I, together with their 
melting points, UV maxima, and elemental analysis data. 
2- (9-Acridiny1)ethyl Carbarnate (Procedure A)-A solution of 


4.5 g (0.02 mole) of 2-(9-acridinyl)ethyl alcohol in 25 ml of meth- 
ylene chloride was treated with 2.6 g (0.04 mole) of sodium cya- 
nate. The resulting suspension was slowly stirred while 3.2 ml(O.04 
mole) of trifluoroacetic acid was added dropwise over 5 min. The 


1 Melting points were taken in capillary tubes on a Thomas-Hoover appa- 
ratus and are uncorrected. Elemental analyses were obtained from Atlantic 
Microlaba, Atlanta, Ga. IR spectra were recorded on a Perkin-Elmer model 
237 B spectro hotometer and were as expected. UV spectra were recorded 
on a Perkin-ELer model 202 spectrophotometer. 


reaction mixture was then stirred at  room temperature for 2 hr. 
After washing with one 5-ml portion of water, the methylene chlo- 
ride layer was separated and dried over anhydrous sodium sulfate. 
The filtered solution was then evaporated to dryness on a steam 
bath, followed by neutralization of the residue with a saturated so- 
lution of sodium bicarbonate. The resulting precipitate was recrys- 
tallized from aqueous ethanol to give the 2-(9-acridinyl)ethyl car- 
bamate. 
2-(9-Acridinyl)ethyl-N-substituted Carbarnates (Procedure 


@--The respective isocyanate (0.03 mole) was added to a solution 
of 4.5 g (0.02 mole) of a-(g-acridinyl)ethyl alcohol in 100 ml of dry 
benzene. The solution was heated at reflux for 4 hr. The reaction 
mixture was evaporated to dryness, and the residue was recryetal- 
lized from aqueous ethanol (Compound 2), benzene-cyclohexane 
(Compound 3), or acetone-petroleum ether (Compound 4). 
2-(9-Acridinyl)ethyl-N-substituted Carbarnate Hydrochlorides 


(Procedure Cj-A solution of 0.02 mole of the respective carba- 
mate in 30 ml of ether was saturated with hydrogen chloride gas. A 
precipitate, which formed immediately, was collected by filtration 
and purified by trituration in acetone (Compounds 5-7) or ethanol 
(Compound 8) to yield the desired hydrochloride salt. 
2-(10-Oxido-9-acridinyljethyl-N-substituted Carbarnates (Pro- 


cedure D)-A solution of 0.025 mole of m-chloroperbenzoic acid in 
5-10 ml of chloroform was added to a solution of 0.02 mole of the 
respective carbamate dissolved in 25 ml of chloroform. The mix- 
ture was stirred for 3 hr a t  room temperature followed by evapora- 
tion to dryness. The resulting residue was washed with four 10-ml 
portions of ether followed by recrystallization of the residue with 
cyclohexane-chloroform. 
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Table 11-Antineoplastic Screening Results 


L-1210 
~ 


Dose, Survi- Weight 
Compound mg/kga vors Difference T / C ,  % 


I* 400 ~~ ~ 


203 
100 


2c 400 
200 
100 


3 e  400 
200 
100 


4d 400 
200 
100 


5’ 400 
200 
100 
50 
25 


6’ 400 
200 
100 


7r 400 
200 
100 


8h 400 
200 
100 


9C 400 
200 
100 
50 


1 o c  400‘ 
200 
100 


1 l C  400‘ 
200 
100 


3/3 
3/3 
3/3 
3,/3 
3/3 
3/3 
3/3 
3/3 
3/3 


3/3 
3/3 
3/3 
3/3 
3/3 
3/3 
3/3 
3/3 
3/3 
3/3 
3/3 
3/3 
3/3 


3/3 
3/3 
2/3 
3/3 
3/3 
3/3 
5/6 
6/6 
6/6 
6/6 
6/6 
6/6 


0 /3  


0 /3  


-0 .2  
+ 0 . 5  
-0 .5  
+ 0 . 4  
- 0 . 3  
- 0 . 6  
-1.0 
+0 .6  
+ 0 . 5  
-1 .2  
-0 .4  
-0.0 
-0.1 
- 1 . 2  
- 0 . 1  
-0 .3  
- 0 . 5  
- 1 . 1  
- 0 . 1  
- 0 . 3  
-1.0 
+ 0 . 3  
-0 .4  
-1 .2  
-2 .0  
-0 .2  
-0 .7  
- 0 . 8  
+0.2  
+ 0 . 5  
+ 0 . 3  
-0.0 
+0.5 
- 1 . 0  
+ 1 . 4  
+ 0 . 2  


105 


105 
94 
97 


105 
90 
94 
94 


109 
97 


103 
93 
93 
96 
97 
90 


102 
97 
94 


97 
97 
95 
98 
95 
98 
90 


102 
96 


102 
99 
91 


Doses were administered every 4th day for two doses unleas otherwise 
noted. b Cell culture (KB): E D ~ O  at 44 pg/ml. c Cell culture (KB):  ED&^ at 
1.0 X 10zpg/ml. Cell culture (KB): EDSO at 73 pg/ml. 6 Cell culture (KB): 
EDso at 14 rg/ml. f Cellculture (KB): EDso at 94 rg/ml. I Cell culture (KB): 
EDro at 90 pg/ml. h Cell culture (KB): EDsa at 23 pg/ml. i Doses were ad- 
ministered every 4th day for three doses. 


Biological2-Compounds 1-11 were tested against L-1210 leu- 
kemia according to the standard protocol3 of the Division of Can- 
cer Treatment, National Cancer Institute, National Institutes of 
Health. None of the compounds screened exhibited anticancer ac- 
tivity patterns considered adequate to justify expanded testing or 
further extension of the present group (Table 11). Activity is de- 
fined as percent T/C (test/control) of 125 or greater. The term 
“survivors” in Table I1 is a measure of toxicity and was determined 
at  Day 5 after the first injection. 


Compounds 3 and 6 were tested for antimalarial activity. The 
activity was assessed against Phsmodium berghei in mice by the 
method of Osdene et al. (28). Both compounds were found to be 
inactive. 


Compound 4 was tested for potential CNS activity by the meth- 
od of Iturrian and Johnson (29). In the procedure, the carbamate 
was administered to audioconditioned mice at  a level of 150 mg/kg. 
Data showed that the compound failed to block the running or 


The antineoplastic screening data were made available through courtesy 
of Drug Development Branch, Drug Research and Development, Division of 
Cancer Treatment, National Cancer Institute. The antimalarial test results 
were provided by the Walter Reed Army Institute of Research. The CNS ac- 
tivity data were provided by the Department of Pharmacology, School of 
Pharmacy, University of Georgia. 


For general screening procedure and data interpretation, see Refs. 26 
and 27. 


tonic components of the audiogenic seizure. 


sufficient quantities available from the synthetic program. 
Compound 12 was not submitted for biological testing due to in- 
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Bioavailability of Micronized Griseofulvin from 
Corn Oil-in-Water Emulsion, Aqueous Suspension, and 
Commercial Tablet Dosage Forms in Humans 


THEODORE R. BATES” and JOEL A. SEQUEIRA 


Abstract 0 The purposes of this investigation were to determine 
and to compare the oral absorption characteristics of micronized 
griseofulvin (500 mg) after its administration to humans in the 
form of a corn oil-in-water emulsion containing dispersed drug, an 
aqueous suspension, and two different commercial tablets (A and 
B). The four dosage forms were administered in a random cross- 
over fashion to five fasting subjects, and drug absorption was as- 
sessed from urinary excretion data for the major metabolite of the 
antibiotic (6-desmethylgriseofulvin). The drug was most rapidly, 
uniformly, and completely absorbed from the corn oil-in-water 
emulsion. As compared to either the aqueous suspension, Tablet 
A, or Tablet B, three- to fourfold increases in the maximum body 
levels and a twofold enhancement in the bioavailability of the anti- 
biotic were observed after administration of the emulsion dosage 
form. A mechanism based on the ability of the linoleic and oleic 
acids liberated during the digestion of corn oil to inhibit GI motil- 
ity and stimulate gallbladder evacuation may explain the marked 
enhancing effect of emulsified corn oil on griseofulvin absorption 
in humans. This new lipid-in-water emulsion dosage form of mi- 
cronized griseofulvin appears to offer several clinical advantages in 
the treatment of fungal infections. 


Keyphrases 0 Griseofulvin, micronized-bioavailability from 
corn oil-in-water emulsion, aqueous suspension, and commercial 
tablet dosage forms, humans Emulsions, corn oil-in-water- 
hioavailability of micronized griseofulvin, humans Bioavailabil- 
ity-griseofulvin, emulsion, suspension, and tablet dosage forms, 
humans 0 Dosage forms-micronized griseofulvin, bioavailability 
from corn oil-in-water emulsion, aqueous suspension, and commer- 
cial tablets, humans 


Griseofulvin [7-chloro-2’,4,6-trimethoxy-6’~-meth- 
ylspiro[benzofuran - 2(3H),1’ - [2] - cyclohexenel- 
3,4’-dione], a chemically neutral systemic antifungal 
antibiotic, is commonly used in the treatment of der- 
matophyte infections in humans (1, 2). As a result of 
its low aqueous solubility (-15 mgfiiter at 37”), the 
drug is slowly, erratically, and incompletely absorbed 
from the GI tract of humans (3-6). Although oral ad- 
ministration of the micronized form of griseofulvin 
alone (7-9), with meals high in fat content (7, 9), or 
as a 1:9 (w/w) drug-polyethylene glycol 6000 solid 
dispersion (10) considerably enhances the bioavail- 
ability of the drug, its absorption from commercial 
tablet (11) and methylcellulose suspension (12) dos- 
age forms is poor and quite variable. 


An average of 52.7% of a 500-mg dose of micron- 
ized griseofulvin as a commercial tablet was slowly 
absorbed for as long as 30 hr after its oral administra- 
tion to five fasting subjects (range of 38.5-52.3% of 
dose; coefficient of variation = 19.5%) (11). One to 
two months later, the absorption study was repeated 
in four of the five subjects and an average of 49.3% of 
the dose was absorbed (range of 27.0-72.5%; coeffi- 
cient of variation = 40.6%). Similar results were also 
obtained after administration of a methylcellulose 


suspension of micronized griseofulvin to five fasting 
subjects (12). In this study, the average amount of 
drug absorbed was 50% of the dose (range of 31.0- 
63.0%; coefficient of variation = 23.2%). 


As suggested by several investigators (5, 7, 8), the 
slow rateand low extent of absorption, as well as the 
appreciable intersubject differences in the amount of 
micronized griseofulvin absorbed from conventional 
dosage forms, are undoubtedly the most common 
reasons for subtherapeutic blood levels in some pa- 
tients and, thus, for clinical failure with griseofulvin 
therapy. Therefore, a convenient, acceptable, and im- 
proved dosage form of micronized griseofulvin is 
needed from which the drug is uniformly, rapidly, 
and maximally absorbed in humans. Such a dosage 
form should assure that therapeutic blood levels of 
the antibiotic would be consistently attained in all 
patients. 


Previous studies from these laboratories (13) indi- 
cated that one can markedly enhance the bioavail- 
ability and uniformity of absorption of micronized 
griseofulvin in rats by orally administering the drug 
dispersed in a corn oil-in-water emulsion vehicle as 
compared to administration in either an aqueous or 
corn oil vehicle. If similar results occur in humans, 
then an emulsion dosage form would offer obvious 
advantages in the treatment of fungal infections. The 
purposes of the present investigation were to deter- 
mine and to compare the oral absorption characteris- 
tics of micronized griseofulvin after its administra- 
tion to fasting subjects as a corn oil-in-water emul- 
sion, as two different commercial tablets, and as a 
control aqueous suspension. 


EXPERIMENTAL 


Dosage Forms-Four dosage forms containing micronized 
griseofulvin (specific surface area of 1.32 m2/g) were subjected to 
bioavailability testing in humans. The corn oil-in-water emulsion 
and control aqueous suspension dosage forms were prepared as de- 
scribed previously (13). Both preparations contained 300 mg of po- 
lysorbate 601 and 500 mg of suspended griseofulvin/30 g. The other 
two dosage forms were commercial tablets containing 500 mg of 
micronized griseofulvin (Tablets A2 and B3). All dosage forms were 
assayed in triplicate for drug content by the spectrophotometric 
method described earlier (13). 


Absorption Studies in Humans-Five healthy, nonobese, male 
subjects, 23-29 years old and weighing 61-82 kg (mean 69 kg), par- 
ticipated in this study. They were instructed not to consume any 
drug product or alcoholic beverage for 7 days prior to, and for 4 
days following, griseofulvin administration. A single 500-mg oral 


Tween 60. * Grifulvin V, Control No. SJ2901, McNeil Laboratories. 
3 Fulvicin-U/F, Control No. OAUG17P35531, Schering Corp. 
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Figure I-Cumulative excretion of total 6-desmethylgriseo- 
fulvin as a function of time after a 500-mg oral dose of micron- 
ized griseofulvin as an aqueous suspension (O), as Tablet A 
(A), as Tablet B ( O ) ,  and as a corn ail-in-water emulsion, 30 
g (e). Each point represents the mean of five fasting subjects. 
Bars denote standard errors of the mean. 


dose of micronized griseofulvin in the form of the corn oil-in-water 
emulsion (30 g), aqueous suspension (30 g), and commercial Tab- 
lets A and B was administered a t  800 am in a random crossover 
fashion to each subject after an overnight fast (a t  least 8 hr). At 
least 1 week was allowed between drug administrations. 


A time zero urine specimen was collected immediately prior t o  
drug administration. The dosage forms were ingested with 100 ml 
of water, and urine specimens were collected at 2,4,6,8,12, 24.48, 
72, and 96 hr after drug administration. The pH and volume of 
each specimen were recorded, and an aliquot was stored in the fro- 
zen state until assayed in duplicate for 6-desmethylgriseofulvin 
content. No food was permitted until 4 hr after drug administra- 
tion. 


By using the same protocol, the effects of the amount of emulsi- 
fied corn oil administered and of the anticholinergic agent pro- 
pantheline (a potent inhibitor of GI motility) on the absorption of 
micronized griseofulvin were assessed in Subject JAS. In the for- 
mer preliminary studies, a 500-mg dose of the drug was adminis- 
tered in 7.5, 15, or 30 g of corn oil-in-water emulsion. These 
amounts correspond to 3,6,  and 12 g of emulsified corn oil, respec- 
tively. The volume of water ingested with the dose was appro- 
priately adjusted so as to maintain the total fluid intake constant. 
In the latter studies, a single 30-mg oral dose of propantheline bro- 
mide4 was administered 30 min prior to a 500-mg dose of the drug 
as the aqueous suspension dosage form. Drug absorption was also 
evaluated in the same subject after oral administration of a corn 
oil suspension dosage form (13). The dose of this suspension was 
such that the subject received 500 mg of micronized griseofulvin 
and 12 g of unemulsified lipid. 


Free 6-desmethylgriseofulvin in the urine was determined by the 
double-extraction, differential spectrophotometric method of 


Rowland and Riegelman (14). Total 6-desmethylgriseofulvin (free 
and the glucuronide conjugate) was assayed by the same procedure 
after incubating an aliquot of the urine specimens with 500 units 
of P-gluc~ronidase~ for 2 hr a t  pH 6.8 and 37O. Blank urine speci- 
mens collected over the previously mentioned time period after ad- 
ministration of the aqueous suspension and corn oil-in-water 
emulsion vehicles yielded zero absorbance readings when treated 
by this assay procedure. Only minor amounts of intact griseofulvin 
and its 4-desmethyl metabolite are excreted in human urine (12). 
However, they were found not to interfere with the determination 
of 6-desmethylgriseofulvin. 


Differences among more than two mean values were statistically 
evaluated by an analysis of variance (15), and differences between 
any two means were compared using Tukey’s multiple-range test 
(15). 


RESULTS AND DISCUSSION 


The urinary excretion rate of free and total 6-desmethylgriseo- 
fulvin in humans has been shown to be proportional to plasma 
griseofulvin levels (10, 12). A proportionality also exists between 
the amount of 6-desmethylgriseofulvin excreted and both the oral 
dose of griseofulvin (9) and the area under the griseofulvin plasma 
concentration-time curve (16). Therefore, the urinary excretion of 
6-desmethylgriseofulvin may be used to assess the absorption 
characteristics of orally administered griseofulvin (9, 16). However, 
6-desmethylgriseofulvin is a weakly acidic metabolite (pKa 4.27) 
and its elimination may be affected by changes in urinary pH and/ 
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Figure 2-Excretion rate of total 6-desmethylgriseofulvin as a 
function of time after a 500-mg oral dose of micronized griseo- 
fulvin as an aqueous suspension (O), as Tablet A (A), as 
Tablet B (O) ,  and as a corn oil-in-water emulsion, 30 g (e). 
Each point represents the mean of five fasting subjects. 


Two 15-mg Pro-Banthine tablets. Searle Co., Chicago, Ill. 
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Table I-Maximum Excretion Rate of Total 6-Desmethylgriseofulvin after Oral Administration 
of a 500-mg Dose of Micronized Griseofulvin in Four  Dosage Forms 


Maximum Excretion R a t e  of Total 6-Desmethylgriseofulvin, mg/hr 


Aqueous Commercial Commercial Corn Rat io  


Subject (AS) (CT-A) (CT-B) Emulsion (COE) C O E  :AS C O E  : CT-A C O E  : CT-B 
Suspension Tablet A Tablet B Oil-in-Water 


SIF 
JPL 
P J C  
AVT 
J A S  
Mean 
SEa cv, % b  


4 . 2 7  3 .06  3.70 18.61 4.36 F, nx TC nfi 
6.85 6 .96  8 . 0 7  23.60 3 .45  3 . 3 9  2.92 
5 . 9 8  8.77 12.30 24.49 4 .10  2 .79  1 .99  
3 .17  7.50 6.10 1 9 . 0 1  6 .OO 2 . 5 3  3.12 
4 . 8 9  3 .97  14.49 20.19 4 .13  5 . 0 9  1 .40  
5.03 6 .05  8 . 9 3  21.18 4 .41  3 . 9 8  2.89 
0 .64  1 .09  1.98 1 . 2 1  0.43 0 .69  0 .62  


- - 28.58 40.14 49.57 12.74 - 


Statistical Comparisons 
Differences among four dosage forms: p <0.001 (Fc = 31.8; df = 3,16) (analysis of variance) 
Difference between any  two dosage forms [Tukey's allowable difference (p = 0.05; df = 4,16) = 5.351: 


A S  - CT-A = 1.02; not  significant 
A S  - CT-B = 3.90; not  significant 
CT-A - CT-B = 2.88; not  significant 


C O E  - A S  = 16.15; significantd 
COE - CT-A = 15.13; significantd 
COE - CT-B = 12.25; significantd 


a Standard error of the mean. * Coefficient of variation. Critical F value for 3 and 16 dfat the 0.1 % level is 9.00. Also significant at 1% level. 


or urine flow rate. Analysis of variance tests indicated that at the 
collection periods examined, neither urinary pH nor urine volume 
was significantly altered by the nature of the dosage form orally 
administered. Consequently, differences noted in the amounts of 
total 6-desmethylgriseofulvin excreted in the urine accurately re- 
flect differences in the absorption profile of griseofulvin from the 
four dosage forms employed in this investigation. 


The mean cumulative amount of total 6-desmethylgriseofulvin 
excreted in the urine as a function of time after oral administra- 
tion of 30 g of the corn oil-in-water emulsion, 30 g of the aqueous 
suspension, and the two commercial tablets to the five fasting 
subjects is shown in Fig. 1. In all cases, a plateau value was reached 
in 72-96 hr, indicating that the experimental time period selected 
was adequate to assess completely the excretion and, thereby, the 
absorption characteristics of micronized griseofulvin. 


The mean excretion rate profiles depicted in Fig. 2 indicate that 
micronized griseofulvin was absorbed a t  a considerably faster rate 
from the corn oil-in-water emulsion than from the aqueous suspen- 
sion, Tablet A, or Tablet B. In addition, it is evident from an ex- 
amination of the data presented in Table I that the maximum ex- 
cretion rate of total 6-desmethylgriseofulvin, which is proportional 
to the maximum body level of griseofulvin, was substantially high- 
er and less variable after administration of the corn oil-in-water 
emulsion (30 g) as compared to that observed after oral adminis- 
tration of any one of the other three dosage forms. The three- to 
fourfold increases experienced with the emulsion dosage form are 
highly significant, as determined by the method of Tukey (Table 


I). No significant differences in the mean maximum excretion rates 
of total 6-desmethylgriseofulvin exist between the control aqueous 
suspension and either tablet dosage form or between the two tablet 
formulations (Table I). 


Analysis of the representative semilogarithmic excretion rate 
plots for total 6-desmethylgriseofulvin (Fig. 3) reveals that micron- 
ized griseofulvin was absorbed at  a rapid rate during the first 3-7 
hr after oral administration of the four dosage forms to Subject 
JPL and was then slowly absorbed over an additional period of ap- 
proximately 29-33 hr. Subsequently, the drug was eliminated from 
the body in a monoexponential fashion. The terminal linear seg- 
ments of the four plots are parallel, indicating that no significant 
absorption occurred after 40 hr irrespective of the dosage form 
orally administered to the subject. Similar prolonged absorption 
profiles were also observed in the other four subjects and are con- 
sistent with the results first reported by Rowland et al. (11) and 
later confirmed by Chiou and Riegelman (10) for micronized 
griseofulvin in humans. 


The cumulative amounts of total 6-desmethylgriseofulvin ulti- 
mately excreted in the urine for each subject after each dosage 
form, expressed as percent of the oral dose of griseofulvin, are list- 
ed in Table 11. The mean data indicate that the extent of absorp- 
tion (bioavailability) of micronized griseofulvin from the corn oil- 
in-water emulsion (30 g) was, on the average, significantly and 
markedly enhanced by 134, 100, and 70% as compared to that ob- 
served with the control aqueous suspension, commercial Tablet A, 
and commercial Tablet B dosage forms, respectively. No statistical 


Table 11-Bioavailability of Micronized Griseofulvin after Oral Administration of a 500-mg Dose in Four  Dosage Forms 
~~ 


Cumulative Amount of Total 6-Desmethylgriseofulvin Excreted 
in 96 hr, % of Dose 


Aqueous Commercial Commercial Corn Rat io  Suspension Tablet A Tablet B Oil-in-Water ~ .. 


_. 


Subject (AS) (CT-A) (CT-B) Emulsion (COE) COE :AS COE:  CT-A C O E  : CT-B 


SIF 
JPL 
P J C  
AVT 
J A S  


30.03 28.08 31.69 66.84 2 .23  2 . 3 8  2 .11  
34.96 45.30 51.43 78.24 2.24 1 . 7 3  1 . 5 2  
33.61 57 .oo 57.15 80 .93  2 . 4 1  1 . 4 2  1 . 4 2  
27.47 30.98 39.40 72.99 2.66 2 .36  1 . 8 5  
30.64 30 .91  40.76 65 .97  2.15 2 . 1 3  1 .62  


Mean 31.33 38.45 44.09 
SEa 1 . 3 3  5 . 5 3  4 . 5 3  cv, % b  9.50  32.15 23 .OO 


72.99 
2 .98  
9 . 1 3  


2.34 2 .oo 1 .70  
0.09 0 .19  0 . 1 2  
- - - 


Statistical Comparisons 
Differences among four dosage forms: p <0.001 (Fc  = 21.6; df = 3,16) (analysis of variance) 
Differences between a n y  two dosage forms [Tukey's allowable difference (p = 0.05; df = 4,16) = 15.921: 


COE - AS = 41.66; significantd 
C O E  - CT-14 = 34.54; significantd 
C O E  - C T - B  = 28.90; significantd 


AS - CT-A = 7.12; not significant 
AS - CT-B = 12.76; not  significant 
CT-A - CT-B = 5.64; not significant 


" Standard error of the mean. Coefficient of variation. Critical F value for 3 and ladfa t  the 0.1% level is 9.00. '' Also significant at 1% level. 
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Figure 3-Excretion rate of total 6-desrnethylgriseofuluin as a 
function of time after administration of a 500-mg oral dose of 
micronized griseofulvin to Subject JPL as an aqueous sus- 
pension (0), as Tablet A ( A ) ,  as Tablet B (D), and as a corn 
oil-in-water emulsion, 30 g (0).  


difference in bioavailability was found to exist between the aque- 
ous suspension and either commercial tablet or between the two 
commercial tablets (Table 11). 


Chiou and Riegelman (10) reported that 65.3% of an intravenous 
dose of griseofulvin was ultimately excreted in the urine by one of 
their subjects as total 6-desmethylgriseofulvin, and Lin et  al. (12) 
showed that total 6-desmethylgriseofulvin represented 84% (mean 
of five subjects) of the total radioactivity excreted in the urine 
after an oral dose of 14C-griseofulvin. Based on these values and 
the mean 96-hr cumulative excretion data obtained in this investi- 
gation (Table II), it would appear that  the oral dose of micronized 
griseofulvin was almost completely absorbed after administration 
as a corn oil-in-water emulsion. 


Of considerable clinical importance is the fact that  large inter- 
subject variations were observed in the amount of micronized 
griseofulvin absorbed from the two commercial tablet dosage 
forms, as reflected by the high coefficients of variation listed in 
Table 11. Similar variations in drug absorption from tablet formu- 
lations were reported by other investigators (11, 16). On the other 
hand, administration of the drug in the corn oil-in-water emulsion 
vehicle substantially reduced the degree of intersubject variability 
(Table 11). In addition, the presence of emulsified corn oil in the 
body caused no appreciable change in the ratio of the amount of 
free to conjugated 6-desmethylgriseofulvin ultimately excreted in 
the urine (Table 111). The mean ratios calculated from the corn oil- 
in-water emulsion and aqueous suspension data were quite similar 
(Table 111) and were comparable to literature values of 1.24-1.86 
(10, 12). The slightly, yet statistically significant, greater amount 
of 6-desmethylgriseofulvin glucuronide excreted by all subjects 
after administration of the corn oil-in-water emulsion is probably 
of no clinical significance but is worthy of additional study. 


The most plausible major mechanism underlying the marked 
enhancement noted in the absorption of micronized griseofulvin 
following its oral administration to humans as a corn oil-in-water 
emulsion is similar to that established in these laboratories in the 


Table 111-Ratio of the Amoun t  of Free 6-Desmethyl- 
griseofulvin to  6-Desmethylgriseofulvin Glucuronide 
Ultimately Excreted in the Urine af ter  Oral  Administration 
of a 500-mg Dose of Micronized Griseofulvin as an 
Aqueous Suspension and Corn Oil-in-Water Emulsion 
t o  Fast ing Subjects  


C o r n  
Oil-in-Water 


Aqueous Emulsion 
Subject  Suspension (30 g) 


JPL 2 . 0 3  1 . 8 1  
SIF 0 . 9 9  0 . 8 1  
P.TC 1 . 4 9  1 . 3 6  
kvr 
JAS 


~ ~~ 


1 . 5 1  
2.35 


1 . 1 3  
1 . 6 2  


Mean 1 . 6 7  1.35 
SEa 0 . 2 4  0.18 cv, .% 31 .57  29 .27  
Statist ical  p <0.05 


significance" 


a Standard error of the mean. Coefficient of variation. Determined by 
paired t test. 


rat (13, 17). The inhibitory effect of lipid (emulsified corn oil) on 
the gastric emptying process (17-19) could have allowed only small 
amounts of undissolved drug to be emptied into the small intes- 
tine, as compared to the rapid emptying and, therefore, signifi- 
cantly larger amounts of drug emptied when administered in non- 
lipid-containing dosage forms ( ie . ,  the aqueous suspension and 
commercial tablets). The smaller amounts of drug present in the 
upper region of the small intestine a t  any particular time after oral 
administration of the corn oil emulsion, coupled with the inhibito- 
ry effect of lipid on proximal small intestinal motility (17, 18), al- 
lows the drug more time to dissolve in, and be absorbed from, the 
region of the intestinal tract where absorption is optimal (20). 


It is also possible that the presence of emulsified corn oil in the 
intestinal tract stimulated bile secretion (21-24) which, because of 
the presence of increased micellar concentrations of physiological 
surfactants (bile salts and lysolecithin) in the intestinal fluids (22, 
23, 25), increased the rate of dissolution (26, 27) and, thereby, the 
rate of absorption and bioavailability of this poorly soluble antibi- 
otic. Additional support for this hypothesis was obtained from pre- 
liminary studies conducted in Subject JAS, which clearly demon- 
strate, apparently for the first time, the significant effect of GI mo- 
tility on the absorption of micronized griseofulvin in humans. 
When a 30-mg oral dose of propantheline bromide, a potent inhibi- 
tor of GI motility, was administered 30 min prior to a 500-mg oral 
dose of the antibiotic in aqueous suspension, the time of occur- 
rence and the magnitude of the maximum excretion rate of total 
6-desmethylgriseofulvin were increased by 9 hr and by 165%, re- 
spectively (Table IV). The anticholinergic agent also caused a 
1.53-fold increase in the amount of antibiotic absorbed from the 
aqueous suspension dosage form (Table IV). However, the absorp- 
tion-enhancing effect of propantheline was less than that experi- 
enced with 30 g of the corn oil-in-water emulsion (Table IV). 


In another series of experiments, the effect of varying the 
amount of emulsified corn oil administered to Subject JAS on the 
absorption of a 500-mg dose of micronized griseofulvin from the 
corn oil-in-water emulsion was examined (Table IV). As the 
amount of emulsified corn oil administered was increased from 
zero (aqueous suspension) to 12 g (equivalent to 30 g of corn oil- 
in-water emulsion), there was a progressive increase in both the 
maximum excretion rate and the cumulative 96-hr excretion of 
total 6-desmethylgriseofulvin, with both parameters reaching pla- 
teau values after 6 g of emulsified corn oil had been administered. 
Similar types of dose-response relationships also exist between the 
amount of fat or long chain fatty acid ingested and its effect on 
both GI motility (18, 28) and gallbladder evacuation (24) in hu- 
mans. The doses of emulsified corn oil employed in this portion of 
the investigation are comparable to those necessary for initiation 
of the reflexes that result in decreases in GI motility and increases 
in gallbladder contraction. 


In this connection, Card (18) reported that the minimum inhibi- 
tory effect of fat (arachis oil) on gastric motility can be rapidly 
(within 1-4 min) achieved in humans after administration of a 4-g 


796 1 Journal of Pharmaceutical Sciences 







Table IV-Factors Affecting Abiorption of a 500-mg 
Oral Dose of Micronized Griseofulvin from Corn Oil-in- 
Water Emulsion and  Aqueous Suspension Dosage 
Forms (Subject JAS,  Fasting State)  


~~ 


Cumulat ive 
Amoun t  of 


Maximum Tota l  
Excretion 6-Desmethyl- 


Rate of To ta l  griseofulvin 
6-Desmethyl- Excreted 
griseofulvin, in 96 hr, 


Regimen m g / k  % of Dose 


Aqueous suspension 4 . 8 9  (l)O 30.64 
Aqueous suspension, 13.01 (10) 46.96 


30 min af ter  a 30-mg 
oral dose of propan- 
theline 


Corn oil-in-water emulsion 
7.5 g (equivalent t o  3 g 15 .39  (3) 50 .17  


of lioid) 
15.0 giequivalent  t o  6 g 21.30 (3) 63 .97  


30.0 g (equivalent t o  12 g 20.19 (3) 65.97 
of lipid) 


of lipid) 
Corn oil suspension 


13.1 g (equivalent t o  1 2  g 10 .ll (3) 48 .57  
of lipid) 


~ ~~ ~ 


a Time of occurrence of maximum excretion rate (hours) in parentheses. 


dose of unemulsified fat or after only a 2-g dose of fat emulsified 
with bile salts. Also, considerable emptying of the gallbladder of its 
bile content can occur in humans within 30-60 min after an oral 
dose of approximately 5 g of lipid (one egg yolk), with complete 
emptying occurring after a 25-g dose of lipid (five egg yolks) (24). 


The total 6-desmethylgriseofulvin excretion patterns observed 
after oral administration of micronized griseofulvin (500 mg) to 
Subject JAS with 12 g of unemulsified corn oil (as a 13.1-g dose of 
corn oil suspension) and 12 g of emulsified corn oil (as a 30-g dose 
of corn oil-in-water emulsion) are compared with the excretion 
pattern for the control aqueous suspension in Table IV. An analy- 
sis of these data revealed that although the presence of 12 g of une- 
mulsified lipid in the GI tract caused an appreciable increase in 
the rate and extent of absorption and maximum body levels of the 
antibiotic, an even greater enhancement in drug absorption was 
realized with the same amount of lipid in an emulsified form. In 
fact, the potentiating effect of 12 g of unemulsified corn oil on 
griseofulvin absarption is comparable to that observed with only 3 
g of emulsified corn oil (Table IV). 


These results, which are similar to those previously observed in 
the rat with the same dosage forms (13), are consistent with the 
fact that to stimulate the fat-sensitive receptors in the duodenum, 
which cause inhibition of gastric emptying in humans, the fat must 
be digested (29); the rapidity and efficiency of the digestion pro- 
cess are increased by increasing, through emulsification, the effec- 
tive surface area of triglyceride exposed to the hydrolytic action of 
pancreatic lipase (30, 31). It has also been reported that some fat 
digestion must take place prior to  the appearance of any signifi- 
cant effect on gallbladder evacuation and that the latter process is 
fat digestion rate limited (24). 


The results obtained from this investigation suggest that to 
maximize the rate, extent, and, perhaps most importantly, unifor- 
mity of absorption of micronized griseofulvin, i t  should be admin- 
istered in a lipid-in-water emulsion dosage form to patients with 
fungal infections for which the drug is ‘indicated. The emulsion 
dosage form is also advantageous from the standpoint that only 
relatively small amounts (6-12 g) of emulsified, unsaturated lipid 
need be administered to the patient as compared to the considera- 
bly larger amounts (>60 g) needed when unemulsified lipid from 
dietary sources is used to enhance the absorption of micronized 
griseofulvin in humans (5,9). Since the enhanced bioavailability of 
the antibiotic from the corn oil-in-water emulsion appears to be 
solely dependent on the effect of emulsified corn oil and/or its di- 
gestion products (oleic and linoleic acids) on the physiological pro- 
cesses of GI motility and gallbladder evacuation, it is not unrea- 


sonable to expect similar increases in drug absorption if a compa- 
rable amount of any vegetable oil containing long chain (C14-Cle) 
saturated or unsaturated fatty acids is substituted for corn oil in 
the emulsion formulation. The applicability of the lipid-in-water 
emulsion as a dosage form vehicle for potentiating the bioavailabil- 
ity in humans of other poorky absorbed drugs is currently being as- 
certained in these laboratories. 
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Active Antitumor Components in a Decomposed 
Amino Sugar I: Effect of 
Sugar Structure on Activity 


A. HAMEED KHAN and JOHN S. DRISCOLL 


Abstract 0 While pure methyl 5-(2-chloroethylamino)-5-deoxy- 
2,3- 0 -isopropylidene-j3-D-ribofuranoside hydrochloride has no L- 
1210 leukemia activity, a decomposed sample was found to be very 
active. One of several approaches taken to determine the nature of 
the active component involved a study of how sugar structure af- 
fects antitumor activity. A number of aminoribose derivatives were 
prepared and tested against the murine L-1210 and P-388 leuke- 
mia and the B-16 melanoma tumor systems. Compounds were test- 
ed as pure materials and as synthetically degraded mixtures. Both 
the @-haloethyl group and a secondary amine were required for 
highest activity. 


Keyphrases Amino sugar, decomposed-active antitumor com- 
ponents, effect of sugar structure on activity Sugars, amino- 
active antitumor components in decomposed samples, effect of 
structure on activity Antitumor activity-decomposed amino 
sugar Structure-activity relationships-decomposed amino 
sugar-antitumor activity 


The one-arm sugar mustard, methyl 5-(2-chlo- 
roethylamino)l-5 - deoxy,- 2,340 '-(isopropylidene$3-~-ri - 
bofuranoside hydrochloride (I), was prepared during 
studies of the antitumor activity of ribose alkylating 
agents (1). Although I was inactive in the murine L- 
1210 leukemia system when first tested, it was dis- 
covered later that a decomposed sample of I was 
highly active (T/C > 200%11 in that system. The en- 
tire sample was utilized, however, in the testing pro- 
gram. Resynthesis of I again confirmed the inactivity 
of the pure material. 


A two-pronged approach was taken to determine 
the structure(s) of the active component(s) in the de- 
composed mixture of I. One study attempted pur- 
posely to degrade pure I and isolate and identify the 
active components2. The second approach, the 
subject of the study described here, was an investiga- 
tion of the effect of chemical structure on the activity 
of purposely degraded samples. A method was de- 
vised to accelerate the production of active material 
from 5 years to 5 hr, and it was planned to prepare 
and degrade certain aminoribose derivatives to pro- 
vide information about the structural characteristics 
required to produce active material from I. 


RESULTS AND DISCUSSION 


The first series of compounds prepared (Scheme I) was designed 


1. Was the nitrogen mustard group necessary for activity since 


2. Was a secondary amine required or would a tertiary amine 


to answer the following two questions: 


it imparted no activity to I? 


produce activity? 


In an attempt to answer the first question, Compounds VI-IX 
were synthesized. The first key intermediate prepared was the tos- 
ylate (IV). It was SO poorly reactive with the required amine nu- 
cleophiles, however, that the mesylate (V) had to be synthesized to 
obtain the desired amino sugars. The N -propyl derivative (VI) was 
synthesized, because in this compound, the reactive chlorine was 
replaced with a completely inefi methyl group whiIe leaving the 
partition coefficient relatively undisturbed (7rc1-1~ = 0.5; 7ra = 0.39) 
(3). The other three derivatives should be somewhat more hydro- 
philic than I. The bromo analog of I (XV) was also synthesized. 


Compounds VI-IX and XV were tested in the leukemia L-1210 
system. They were tested both as analytically pure materials and 
as the product from the synthetic degradation process shown to 
produce an active mixture from pure, inactive I. None of the non- 
halogen-containing derivatives were L-1210 active in either form 
(pure or decomposed) when tested at  400,200, and 100 mghg QD 
1-9 or Q4D (2). The bromo analog (XV), however, was active both 
as a pure compound and after degradation (Table I). This activity 
is in contrast to that of the chloro compound (I), which was active 
only after degradation. Pure XV was highly active in the leukemia 
P-388 system (2). Since the yield of XV was low (Table 11), it was 
not tested in the degraded form in the P-388 system and was test- 
ed only on the Day 1 schedule in L-1210. 


A comparison between pure and degraded XV (Day 1 only) in 
L-1210 shows the degraded form to be more active. It is also less 
toxic based on mouse weight loss. While pure XV is L-1210 active 
and pure I is not, there are not enough data on degraded XV to 
make a definitive comparison of the two materials. It appears, 
however, that a halogen atom is required in the molecule to pro- 
duce L-1210 activity in a degraded sample. 


Compound XVI was prepared to explore the effect of additional 
substitution on the amine nitrogen. Since compounds of general 
type XVIII were possible degradation products based on analogy 
with the aminoxylose system (4), it appeared mechanistically im- 
possible to produce XVIII from a tertiary amine such as XVI. Pure 
XVI had been prepared and tested (L-1210) in 1960, but that sam- 
ple was inactive in limited testing. When the isopropylidene block- 
ing group was removed from XVI, an active compound resulted 
(1). Compound XVI was resynthesized and a retest of the pure ma- 
terial showed reproducible L-1210 activity (Table I). Activity was 
also found in the leukemia P-388 and in the B-16 melanoma test 
systems. Degradation under standard conditions did produce a 
marginally L-1210 active mixture, but the activity was reduced, 
not enhanced as was found with secondary amhes I and XV. 
Doses of degraded XVI higher than 3.1 mg/kg were toxic. A con- 
clusion can be made that the change from a secondary to a tertiary 
amine in this series adversely affects the L-1210 activity of the de- 
graded product by destroying the pure active compound, by non- 
production of an active intermediate, or both. 


The two-arm mustard (XVII) also had been prepared and tested 
(1). Although the initial test of XVII showed L-1210 activity, con- 
firmation testing was negative. Compound XVII was resynthesized 
for this study but in considerably lower yield than XVI. For this 
reason, only the pure, nondegraded material was tested (Table I). 
The bis(j3-chloroethyl) compound was confirmed active in both the 


T/C = treated X 100%/control. For protocol details, see Ref. 2. 
This will be described in a subsequent report. 


0x0 
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1 
IV 


Xm: R3 = CH2CH20W2CH3, R4 = S02CH3 
XN: R3 = R4 = CH2CH@SO$HS 
XV: & = CH2CH2Br, R4 = H 


XVI: & = CH2CH2Cl, R4 = C,H, 


O X 0  
Vk R = C3H7 
W: R = CHZCHZOCH, 


WI: R = CH2CH20CH2CH3 X R1 = CHZCHZOH, R, = C2H5 
XI: R, = CH2CH20H, & = H M: R = CH2CH=CH2 


XII: R, = & = CH,CH,OH 


X W :  Rj = R4 =CH,CH&l 


Scheme I-Synthesis of amino sugars 


L-1210 and P-388 systems. This finding contrasts with the lack of 
L-1210 activity for the mono(&chloroethyl) derivative, I. Com- 
pounds 11-V and X-XIV (Scheme I) were evaluated both pure and 
as degraded materials in the L-1210 system and were inactive (T/C 
< 125%). 


NMR evidence2 indicates that acetone and methanol (loss of iso- 
propylidene and methylglycoside) are liberated early in the acidic 
degradation procedure. The initial product of these reactions 
should have structure XXIV (Scheme 11). This made the prepara- 


Table I-Murine Antitumor Activity 


tion of XXIV for testing desirable. Among all the amino sugars ini- 
tially prepared, however, only I could not be hydrolyzed to a stable 
deblocked product (1). 


Because of the suspected instability of XXIV, a reaction se- 
quence was devised (Scheme 11) that allowed the final step to pro- 
ceed under mild conditions. The debenzylation of XXIII by hydro- 
gen over palladium-on-charcoal in the aqueous acidic solution gave 
the reduced, hydrolyzed product, XXIV. A periodate oxidation 
was carried out to characterize this reaction product (11). Methyl 


Dose, 
Compound Form Tumor System Treatment  Schedule. mg/kg/day &YE;,% 


XVI 


XVII 


~~ ~ 


XV Pure L-1210 D a y  1 only 100 125 
Pure L-1210 Days  1, 5, 9 100 157 


50 131 
Pure L-1210 Q D  1-9 36 137 
Pure P-388 Q D  1-9 36 250 


18 205 
9 188 


Degraded L-1210 D a y  1 only 400 144 
200 126 


Pure L-1210 QD 1-9 18.5 144 
12.5 126 


Pure P-388 QD 1-9 12.5 188 
8.2 211 
4.0 195 
2.0 158 


Pure  B-16 Q D  1-9 7 .2  145 
4 .3  129 


Degraded L-1210 Q D  1-9 3.1 125 
Pure L-1210 Days 1, 5, 9 6.2 139 


4 . 1  130 
2.7 138 
1 .7  133 


Pure P-388 QD 1-9 3.1 227 
1 . 0  241 
0.3 154 


Reference 2. 
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Table 11-Physical Constants  for  Some Aminoribose Derivatives 


Com- 
pound R1 Rz 


Melting Yield, 
Point % Formula 


Analysis, % 
Calc. Found 


X 


XI 


XI1 


XI11 


X I V  


V I  CHzCHzCHa 


V I I  CHzCHzOCHa 


V I I I  CHzCHzOCzH5 


I X  CHzCH=CHz 


CHzCHzOH 


CHzCHzOH 


CHZCHzOH 


S02CHa 


CH2CHzOSOzCHa 


XVI 


X V I I  


CHzCHzCl 


CHzCHzCl 


H 


H 


H 


H 


CHzCHa 


H 


CHzCHzOH 


CHzCH~OSOzCHa 


CHzCHzOSOzCH3 


CzHs 


CHZCHzC1 


145 O 


104' 


150 O 


135 O 


135 O 


142 O 


148 O 


89 O 


80 O 


117' 


128' 


67 


76 


36 


37 


59 


86 


33 


52 


36 


82 


32 


C 51.16 
H. 8.52 
C1 12.61 
N 4.97 
C 48.35 
H 8.10 
C1 11.93 
N 4.70 
C 50.08 
H 8.35 
C1 11.40 
N 4.49 
C 51.62 
H 7.88 
C1 12.73 
N 5.02 
C 50.10 
H 8.35 
C1 11.49 
N 4.49 
C 46.56 
H 7.76 
C1 12.52 
N 4.94 
C 47.63 
H 7.93 
C1 10.84 
N 4.27 
C 38.70 
H 6.25 
N 3.47 
S 15.90 
C 40.27 
H 6.48 
N 3.13 
S 14.32 
C 47.28 
H 7.57 
C1 21.52 
N 4.24 
C 42.80 
H 6.58 
C1 29.22 
N 3.84 


51.46 
8.80 


12.56 
4.82 


48.10 
8.31 


11.70 
4.65 


50.10 
8.20 


11.20 
4.55 


51.93 
8.03 


12.52 
4.93 


49. SO 
8.29 


11.73 
4.41 


46.54 
7.57 


12.50 
4.90 


47.56 
8.06 


10.76 
4.21 


38.69 
6.23 
3.24 


15.80 
40.24 
6.28 
3.40 


14.62 
47.13 
7.87 


21.98 
3.98 


42.78 
6.83 


29.24 
3.62 


a-D-mannopyranoside was used to standardize the procedure (12). 
Compound XXIV consumed 2 moles of periodate with the forma- 
tion of l mole of formic acid. This result is consistent with the 
structure shown for XXIV but inconsistent with the structures ex- 
pected for a hydroxypiperidine rearrangement product or an open 
chain sugar. 


Compounds XIX-XXIII were inactive in the L-1210 system. 
Enough XXIV was obtained to  carry out an L-1210 dose-response 
test (800,400,200, and 100 mg/kg) on the Day 1 treatment sched- 
ule (2). This test was negative a t  all doses. Decomposed samples of 
I have given TIC values > 200% under the same treatment condi- 
tions. The search for the active component in decomposed I is con- 
tinuing. 


EXPERIMENTAL3 


Decomposition Studies-The deionized water used was deoxy- 
genated for 24 hr with nitrogen prior to being warmed to 60' in a 
three-necked, round-bottom flask equipped with a reflux condens- 
er, magnetic stirrer, and a gas inlet tube. A slow stream of nitrogen 
was passed into the flask during the reaction period. The material 


Melting points were determined on a Thomas-Hoover apparatus and are 
uncorrected. Elemental analyses were carried out by Dr. W. C. Alford, Na- 
tional Institute of Arthritis and Metabolic Diseases, National Institutes of 
Health. 


to be degraded was added to the warm solution to give a concen- 
tration of 100 mglml. The stirred solution was maintained at 60° 
for 5.0 hr, cooled, and lyophilized to give the test mixture. 


Methyl 2,3-O-Isopropylidene-~-D-ribofuranoside (111)- 
This compound was prepared as a yellow syrup [method of Leon- 
ard and Carraway (5)J- in 6296 yield on a 30-g scale. 


Methyl 2,3-OIsopropylidene-5-O-ptoluenesulfonyl-~-D- 
ribofuranoside (1V)-This material was prepared as white nee- 
dles (14.9 g, 8%), mp 82-83O [lit. (6) mp 83.5-84.5OI by the meth- 
od of Sbunk et al. (6). 


Methyl 2,3- O-Isopropylidene-5- Omethanesulfonyl-j3-D- 
ribofuranoside (V)-This material was prepared by the proce- 
dure of Kissman and Weiss (7), as a white crystalline solid (49 g, 
88%), mp 75-76' [lit. (7) rnp 73-74'). 


Methyl 5-Alkylamino-5-deoxy-2.3- Oisopropylidene-8-D- 
ribofuranosides (General Procedure for VI-IX)-A solution of 


aoH N+ 


5 cl- 
R 


X W I  
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OH OH 
XIX O X 0  


xx 
J 


ox0 
XXI 


HO -r"w - 
6 0  
X 


XXII 


xxm 
c1 
L 


OH OH 
XXIV 


Scheme II-Synthesis of deblocked I 


V (5.0 g) in 25 ml of the appropriate amine was heated in a pres- 
sure bottle a t  115O for 17 hr. The solution was cooled and concen- 
trated in uacuo. The residue was dissolved in water and extracted 
with ether (3 X 100 ml). The ether layer was washed with water 
and dried (sodium sulfate). Addition of dry hydrogen chloride to 
the ether solution caused the product to precipitate as the hydro- 
chloride salt. The products were recrystallized from methanol- 
ether (Table 11). 


Methyl 5-(2-Hydroxyethylamino-5-deoxy-2,3-Oisopropyl- 
idene-@-D-ribofuranoides) (General Procedure for X-XI1)- 
A stirred mixture of V (10 g) and the appropriate ethanolamine de- 
rivative (30 ml) was heated at  150' for 4 hr. The solution was 
cooled and diluted with chloroform (100 ml). The chloroform solu- 
tion was washed with four 10-ml portions of water, and the chloro- 
form solution was dried (sodium sulfate). The chloroform was re- 
moved in uacuo, and the residual oil was dissolved in dry ether to 
which dry hydrogen chloride was added. The resulting white crys- 
talline solids were isolated (Table 11). 


Methyl 2,3-OIsopropylidene-5-deoxy-5-[(2-hydroxyeth- 
yl)(methylsulfonyl)amino]-@-~-ribofuranoside Methanesul- 
fonate (Ester) (General Procedure for XI11 and XIV)-To a 
stirred, dry ice-acetone cooled solution of XI (6.7 g )  in dry pyri- 
dine (30 ml) was added, dropwise, methanesulfonyl chloride (5 
ml). After the addition was complete (0.5 hr), the reaction mixture 
was refrigerated overnight. The mixture was added slowly to a vig- 
orously stirred ice-water mixture. The resulting solution was ex- 
tracted with chloroform. The chloroform layer was washed with 
water, dried (sodium sulfate), and concentrated to dryness. The re- 
sulting solid was recrystallized from ethanol (Table 11). 


Methyl 5-(2-Bromoethylamino)-5-deoxy-2,3-O-isopropyl- 


idene-8-D-ribofuranoside Hydrobromide (XV)-A solution of 
XI (1.5 g) in dry methylene chloride (20 ml) and 2,6-lutidene (0.7 
ml) was heated gently on a steam bath under anhydrous condi- 
tions. To the refluxing solution was added a solution of thionyl 
bromide (1.0 ml) in dry methylene chloride (10 ml). After the addi- 
tion was complete (1 hr), the solvent was distilled and the residual 
solid was poured into a stirred ice-water mixture containing 10% 
sodium bicarbonate. The solution was extracted with ethyl acetate, 
and the extract was dried (sodium sulfate) and passed through a 
column of alumina. The eluate was distilled under reduced pres- 
sure to remove the solvent, and the residue was dissolved in  dried 
ether. A white crystalline solid precipitated (0.4 g, 26%, mp 138O) 
upon the addition of dry hydrogen bromide gas. 


Anal. -Calc. for CllH21Br~N04: C, 33.70; H, 5.37; Br, 40.92; N, 
3.58. Found: C, 33.30; H, 5.59; Br, 40.79; N, 3.45. 


Methyl 2,3-OIsopropylidene-5-[N-ethyl-(2-chloroethyl)- 
amino]-5-deoxy-@-D-ribofuranoside Hydrochloride (General 
Procedure for  XVI and XVI1)-A solution of X (9.48 g) in dry 
methylene chloride (25 ml) was saturated with dry hydrogen chlo- 
ride under anhydrous conditions. Thionyl chloride (10 ml) was 
added dropwise to the refluxing solution. After the addition was 
complete (2 hr), the solution was refluxed for 1 hr. Excess solvent 
was removed in uacuo. The residue was dissolved in dry ether (1 
liter) and saturated with dry hydrogen chloride. On standing over- 
night, a white crystalline solid separated from the solution (Table 
11). 


Benzyl 6-D-Ribofuranoside (X1X)-This compound was pre- 
pared by the method of Ness et al. (8) in 69% yield. The resulting 
semisolid syrup was recrystallized from ethyl acetate to give white 
prisms, mp 103' [lit. (8) mp 105OI. 


Benzyl 2,3-O-Isopropylidene-@-D-ribofuranoside (XX)-A 
mixture of XIX (6.6 g), anhydrous acetone (90 ml), 2,2-dimethoxy- 
propane (10 ml), and anhydrous copper sulfate (5 g) was stirred at 
room temperature overnight. The solution was filtered through a 
layer of charcoal, and the solvent was removed under reduced 
pressure. The residual solid was crystallized from ether to give 6.9 
g (88%) of white microneedles, mp 105' [lit. (9) mp 104-105O]. 


Benzyl 2,3-O-Isopropylidene-5-p-toluenesulfonyl-@-D-ri- 
bofuranoside (XX1)-This compound was prepared by the meth- 
od of Hanessian and Haskell (10) to give 10.2 g (66%) of white nee- 
dles, mp 95O [lit. (10) mp 93-95OI. . 


Benzyl 2.3-OIsopropylidene-5-[(2-hydroxyethyl)amino]- 
5-deoxy-@-D-ribofuranoside (XXI1)-A suspension of XXI (10.0 
g) in ethanolamine (40 ml) was heated at  160° for 4 hr. The cooled 
solution was diluted with chloroform (100 ml) and washed with 
three 10-mI portions of water. After drying (sodium sulfate), the 
solvent was removed in U ~ C U O  and the residual oil was distilled 
(175O/0.2 torr). The distillate solidified on standing overnight to 
give 6.2 g (86%) of white crystals, mp 45O. 


Anal. -Calc. for C17H25N05: C, 63.14; H, 7.74; N, 4.33. Found: 
C, 63.26; H, 7.89; N, 4.11. 


Benzyl 2,3-Isopropylidene-5-[(2-chloroethyl)amino]-~-D- 
ribofuranoside Hydrochloride (XXII1)-A solution of XXII 
(2.0 g) in dry methylene chloride (15 ml) was saturated with dry 
hydrogen chloride. Thionyl chloride (5 ml) in methylene chloride 
(20 ml) was added dropwise to the refluxing solution. After addi- 
tion was complete (1 hr), the solution was heated under reflux for 3 
hr. The solvent was removed in uacuo, and the residue was dis- 
solved in chloroform. The solution was washed once with a 10% 
ice-cold solution of sodium carbonate and twice with water and 
was dried (sodium sulfate). The chloroform was removed in uacuo, 
and the residue was dissolved in dry ether (100 ml). An oily residue 
resulted upon addition of dry hydrogen chloride. This residue so- 
lidified on standing overnight. Recrystallization from dimethylfor- 
mamide-ether gave 1.2 g (51%) of yellow prisms, mp 148'. 


Anal. -Calc. for C17H25C12N04: C, 53.96; H, 6.61; C1, 18.78; N, 
3.70. Found C, 53.85; H, 6.58; C1,18.39; N, 3.71. 
5-1 (2-Ch1oroethyl)amino ]-5-deoxy-~-ribofuranoside Hy- 


drochloride (XX1V)-A solution of XXIII (0.3 g) in water (20 ml) 
containing concentrated hydrochloric acid (0.3 ml) was reacted 
with hydrogen over 10% palladium-on-charcoal catalyst (0.2 g) for 
22 hr a t  23O in a Parr apparatus. The solution was filtered and ly- 
ophilized to give 0.2 g (88%) of a highly hygroscopic white crystal- 
line solid. 


Anal.-Calc. for C7H15C12N04-2HzO C, 29.58; H, 6.59; C1, 
25.00, N, 4.93. Found C, 29.70; H, 6.46; C1,24.60; N, 4.84. 


The periodate oxidation of XXIV was carried out using the 
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method of Jackson and Hudson (11, 12). Titration over 5 hr 
showed that 2.1 moles of periodate was consumed and that 0.98 
mole of formic acid had been produced by the oxidation, indicating 
a ribofuranose ring structure. 
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Effect of Ethanol on Theophylline Absorption in Humans 


BENU KOYSOOKO, ELLIOT F. ELLIS, and GERHARD LEVY” 


Abstract This study was carried out to determine if ethanol, 
which enhances theophylline absorption from the rat small intes- 
tine, has a similar effect when administered orally to human 
subjects. Seven normal adults received 200 mg of theophylline/m* 
of body surface area, in 50 ml of either aqueous solution or hy- 
droalcoholic solution containing 20% ethanol. There was no signifi- 
cant difference in the average plasma concentrations of theophyl- 
line produced by these two solutions, but three subjects (all fe- 
male) experienced nausea after taking the aqueous solution while 
none became nauseous after taking theophylline in the hydroal- 
coholic solution. 


Keyphrases 0 Theophylline-effect of ethanol on absorption, hu- 
mans Ethanol-effect on absorption of theophylline, hu- 
mans 0 Absorption-theophylline, effect of ethanol, humans 


Theophylline is an effective bronchodilator used 
widely for the treatment of asthma. It is desirable to 
have oral dosage forms available from which this 
drug is rapidly absorbed so that acute attacks of 
asthma can be treated and relieved promptly at  
home. There have been claims that the absorption of 
theophylline is enhanced if administered in hydroal- 
coholic solution, but the evidence is conflicting (1-4). 


Recently, an initial concentration of 5% ethanol 
was found to increase significantly the absorption of 
theophylline from a ligated segment of small intes- 
tine of anesthetized rats, and a constant concentra- 
tion of 2% ethanol (and even lower concentrations in 
unpublished studies) increased appreciably the ab- 
sorption of theophylline from the perfused small in- 
testine of anesthetized rats (5 ) .  This absorption-en- 
hancing effect of ethanol was associated with an in- 
crease in the net flux of water from the intestinal 


lumen and may be due to solvent drag (5). The study 
described here was initiated to determine if the rate 
of absorption of theophylline can be increased in hu- 
mans by administering the drug in hydroalcoholic 
rather than in aqueous solution. 


EXPERIMENTAL 


Seven healthy volunteers (four females and three males), 24-33 
years old and capable by education and background (registered 
nurses and graduate students in pharmaceutics) to give informed 
consent, participated in the study. They were instructed to abstain 
from coffee, tea, chocolate, cola drinks, and alcoholic beverages for 
24 hr before and during the study and to take no dmgs (except oral 
contraceptives if these were used regularly) for 3 days before and 
during the study. 


Theophylline, 200 mg/m2 body surface area, dissolved either in 
50 ml of water or in 50 ml of hydroalcoholic solution containing 
20% (v/v) ethanol, was administered in the morning 1 hr after a 
light breakfast. The two preparations were given in crossover fash- 
ion, 1 week apart. Fifteen milliliters of blood was withdrawn 
through an indwelling venous catheter into a heparinized syringe 
immediately before drug administration, and 10-ml blood samples 
were obtained at  10,30,60,120, 240, 360, and 480 min thereafter. 
Plasma was separated and stored in a freezer pending assay. 


At  the end of the experiment, each subject was given a card with 
the questions: “Did you notice any pharmacologic effects during 
the day? If so, what and when?” There was no additional question- 
ing, elaboration, or discussion to prevent any biased suggestive in- 
fluences on the response to the question. 


Theophylline concentrations in plasma were determined by the 
spectrophotometric method of Schack and Waxler (6), modified 
for smaller sample volumes and greater sensitivity (7). Blank 
values and recovery of theophylline were determined for each 
subject by assaying the zero-time plasma as such and after adding 
theophylline to yield a concentration of 10 pg/ml. The blank values 
ranged from 1.48 to 3.47 pg apparent theophylline/ml, and the re- 
covery of added drug ranged from 85.1 to 97.7%. The analytical re- 
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SYMPOSIUM 


Drug-Biomolecule Interactions: 
Interactions of Mononucleotides and 
Polybasic Amino Acids 


JAMES C. LACEY, Jr.=, and KENNETH M. PRUITT 


Abstract 0 Histones and ribosomal proteins are basic proteins 
that participate in gene regulation and protein synthesis, respec- 
tively. How these proteins interact with nucleic acids is not yet 
clear, although specificities in these interactions have been ob- 
served. Study of the interaction of mononucleotides with basic po- 
lyamino acids is one approach to understanding such interactions. 
The results of studies with the mononucleotides can help elucidate 
the normal molecular processes in biological systems and also shed 
light on some effects of drugs, such as puromycin and tubekicidin, 
that are nucleotide derivatives. A review of studies on the interac- 
tion of mononucleotides and basic polyamino acids such as poly- 
lysine and polyarginine is presented. In addition, a short review of 
the self-associative properties of mononucleotides is given. Studies 
of the mononucleotide-polyamino acid interaction have involved a 
wide variety of techniques including equilibrium dialysis, NMR, 
optical rotatory dispersion, circular dichroism, and precipitate 
analysis. 


Keyphrases 0, Mononucleotides-interactions with polybasic 
amino acids 13 Amino acids, polybasic-interactions with mononu- 
cleotides 0 Drug-biomolecule interactions-mononucleotides and 
polybasic amino acids Interactions-drugs with biomolecules, 
symposium 


Interactions of the components of nucleic acids 
and proteins are significant factors in the regulation 
of gene expression (transcription) and the control of 
protein synthesis (translation). These interactions 
are also involved in the reactions of mononucleotides 
and enzymes and, possibly, in the biological activity 
of nucleotide analog drugs such as puromycin. In 
vitro studies of the interactions of amino acids and 
nucleic acids and of polyamino acids and nucleic 
acids have shed some light on the nature of the inter- 
actions of nucleic acids and proteins in uiuo. 


There have been only a few reported studies of the 
interactions of amino acids and nucleic acids, but 
these studies indicate that there is little tendency for 
amino acids to bind to nucleic acids and that there is 
little or no specificity for the binding observed' (1). 
However, numerous studies of polyamino acid-nucle- 
ic acid interactions revealed significant instances of 
specific binding. These latter studies mostly utilized 
polybasic amino acids such as polylysine, polyargi- 
nine, and polyornithine because of the high electro- 
static affinity between these positively charged po- 
lyamino acids and the negatively charged ribose 
phosphate backbone of the nucleic acid. 


Although charge-charge interactions are the main 
attractive forces between polybasic amino acids and 
nucleic acids, other forces are also operative, result- 


ing in binding specificities. For example, Leng and 
Felsenfeld (2) found that polylysine has a preferred 
binding affinity for adenine-thymine-rich regions in 
DNA. A weaker specificity of interaction between 
poly-L-arginine and guanine-cytosine regions was 
also observed. Later, Shapiro et al. (3) showed that 
the preference of poly-L-lysine for adenine-thymine 
regions could be changed to guanine-cytosine regions 
by the addition of tetramethylammonium salts. 


Furthermore, RNA polymerase has been shown to 
bind to a greater extent to poly dA-T than to T4 
DNA (4). The mechanism leading to such specifici- 
ties is not known. Specificities in the binding of his- 
tones and nonhistone acidic proteins have also been 
found (5), but the mechanism behind these specific 
interactions is also unknown. 


Studies of the binding of ribosomal proteins to  ri- 
bosomal RNA recently showed that a t  least five ribo- 
somal proteins of the 30s subunit of Escherichia coli 
ribosomes have specific binding sites on the 16s ribo- 
somal RNA (6). Again, the basis for the specificity is 
not known. 


These comments are intended to place the present 
review of mononucleotide-polyamino acids in the 
proper perspective. This article is mainly a review1 of 
the literature reports on mononucleotide-polybasic 
amino acid interactions. However, also included are 
Some previously unreported studies from the authors' 
laboratory regarding the mechanism by which a lys- 
ine side chain might approach an adenine ring in a 
mixture of adenosine 5'-monophosphate and poly-L- 
lysine. 


DISCUSSION 


Properties of Interactants and Methods of Study-Basic Po- 
lyamino Acids-At pH values well below the pKa of the basic side 
chains, all of the side chains are positively charged and the poly- 
mers tend to assume a random coil configuration due to electro- 
static repulsion. The basic polyamino acids are very soluble due to 
the ionic nature of the side chains. As this charge is eliminated by 
elevation of pH or masked by the addition of salts, the basic po- 
lyamino acid tends to go into a helical form. 


The principal means for studying this transition have been opti- 
cal rotatory dispersion and circular dichroism (7, 8). The random 
coil to helix transition normally gives rise to perturbations of the 
spectra in the 220-230-nm range. It has been found that poly-~-  
lysine and poly-L-arginine form helixes much more readily than 
poly -L-ornithine. 


1 Literature search was completed in August 1972. 
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Mononucleotides-The 5'-mononucleotides have several inter- 
esting properties relevant to their interaction with basic polyamino 
acids. In solution, the ribose-phosphate moiety is capable of freely 
rotating so that it might be expected to occupy randomly all possi- 
ble positions relative to the plane of the organic base ring. How- 
ever, NMR studies (9) indicate that the anti-conformation (I) is 
preferred over the opposite syn- conformation. 


Another property of the mononucleotides is their propensity to 
self-associate so that their organic base rings are essentially paral- 
lel to each other and one above the other, forming a vertical array. 
This property is called base stacking and has been studied in solu- 
tion using NMR. As a consequence of base stacking, signals from 
protons attached to the purine and pyrimidine ring systems of nu- 
cleotides are shifted upfield (to lower frequencies). The magnitude 
of the shift is determined by the extent of interaction of the stack- 
ing ring systems (9). 


X-ray diffraction studies have confirmed the stacking tenden- 
cies of the nucleotides in the solid state (10). The tendency to self- 
associate by stacking is in the following order: guanosine 5'-mOnO- 
phosphate > adenosine 5'-monophosphate > cytidine 5'-mOnO- 
phosphate > uridine 5'-monophosphate. 


Interaction of Mononucleotides and Basic Polyamino 
Acids-The work discussed here is concerned with the specifici- 
ties of these interactions and with their physical-chemical basis. 
The effects on the interactions of changes in pH, ionic strength, 
length of amino acid side chain, and relative concentrations of 
reactants are also considered. 


The history of the study of mononucleotide-polyamino acid in- 
teractions is short. The first reports in the literature came from 
Woese's laboratory and appeared in 1968 (11). Using equilibrium 
dialysis and turbidity measurements, Woese studied the interac- 
tion of the various 5'-nucleotides with poly-L-arginine. Similar ex- 
periments were already underway in the authors' laboratory. 
Woese found that turbidity developed when solutions of guanosine 
5'-monophosphate, adenosine 5'-monophosphate, and cytidine 5'- 
monophosphate were mixed with solutions of poly-L-arginine. No 
turbidity changes were observed with uridine 5'-monophosphate. 
He also observed that the ease of formation of turbidity in 
mixtures with poly-L-arginine decreased in the order: guanosine 
5'-monophosphate > adenosine 5'-monophosphate > cytidine 5'- 
monophosphate > uridine 5'-monophosphate. Woese pointed out 
that this order is the same as that observed for the base stacking 
tendencies of the nucleotides. 


The authors found precisely the same order for the concentra- 
tion dependence of turbidity changes2 when the nucleotides were 
mixed with solutions of poly-L-lysine (Fig. 1) (12). These experi- 
ments were carried out in the absence of added salt to maximize 
the electrostatic attractions between the reactants. The addition of 
small amounts of sodium chloride blocked the turbidity-producing 
interactions. As shown in Fig. 1, the addition of nucleosides or po- 
tassium phosphate (K2HP04) to solutions of poly-L-lysine did not 
produce significant changes in turbidity. 


The changes in turbidity were due to the formation of small, 
translucent spheres which could he easily separated by centrifuga- 
tion. Because of this property, it was possible to separate the inter- 
action products and calculate their stoichiometry by analyzing the 
composition of the supernate. These data (Table I) can be inter- 
preted in terms of a model that specifies an initial charge-charge 
attraction between the negative phosphate groups on the nucleo- 


* A  Brice-Phoenix model ZOO0 light-scattering photometer was used (25"). 


a. GMP ++ CMP 0 URlDlNE 


8 .  UMP 0 @ CYTlDlNE 
GMP ->350 


130 AMP 0 0 K,HPO, iI I ADENOSINE 


AMP->350 
t 


CMP>Z56'6/1 Ratio 


~~ 


1 2 3 4 5 6 
MOLAR RATIO, NUCLEOTIDE-SIDE-LYSINE 


Figure 1-Changes in relative turbidity of solutions of poly- 
Irlysine (lO0,OOO nwl. wt.) as solutions of 5'-mononucleotides, 
nwnonucleosides, or potassium p h p h t e  were added at pH 
8.G9.0. The initial poly-Irlysine concentration wua I X 
M (lysine residue basis). Key shows symbols for duplicate 
samples of each additive. Numbers at top of guanosine 5'- 
monophosphate (GMP), adenosine 5'-momphosphate (AMP) ,  
and cytidine 5'-monophphate (CMP) c u m  are extreme 
turbidity d u e s  reached. All turbidity values were corrected for 
dilution and for solvent scattering. 


tides and the positively- charged c-amino group of the lysine. 
Aggregation follows as a consequence of base stacking of bound 
nucleotides. This model is based on the following interpretation of 
the data. 


A t  pH 8.0, all nucleotides have a net charge of -2 and the lysine 
residues have a charge of +l. The predicted stoichiometry for a 
simple charge-charge interaction would be two lysine residues for 
each nucleotide molecule. This is approximately the value ob- 
served for each nucleotide a t  pH 8.0. 


At very low pH, the net negative charge on the nucleotide de- 
creases because of protonation of both the phosphate and the pu- 
rine-pyrimidine rings. A t  high pH, the proton is removed from the 
c-amino group of the lysine. Thus, charge-charge interactions are 
different a t  pH extremes and the number of nucleotides hound 
should vary accordingly. This effect was confirmed for adenosine 
5'-monophosphate. A t  pH 4, approximately the pKa of the nucleo- 
tide ring, adenosine 5'-monophosphate has one negative charge on 
the phosphate group and an average of one-half of a negative 
charge on the ring. The average number of bound nucleotide resi- 
dues was found to increase to 1.0. 
As the pH is raised, the number of bound nucleotide residues 


decreases. As the pH approaches the pKa of the c-amino group of 
the lysine, the number of nucleotide residues bound decreases 
until no further precipitation is observed a t  pH 12.5. 


The fact that no significant turbidity increases were found when 
nucleosides (lacking the phosphate group) were added to poly- 
lysine solutions further substantiates the importance of charge- 
charge interactions in the binding process. 


The involvement of base stacking in the aggregation is suggested 
by the fact that the effectiveness of nucleotide precipitation of po- 
lylysine is in the order guanosine 5'-monophosphate > adenosine 
5'-monophosphate > cytidine 5'-monophosphate > uridine 5'- 
monophosphate and that this is the same order for nucleotide base 
stacking tendencies. 


The range of intensity of the nucleotide-polylysine aggregation 
reaction is very great down the series from guanosine 5'-mOnO- 
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Table I-Stoichiometry of Binding of Nucleotides t o  
100,000 Molecular Weight Poly-Glysine 


ADDroxi- -~ 
mate Initial 
Molar Rat io  Molar Ratio of 
Nucleotide Nucleotide t o  
t o  Lysine Lysine in 


Nucleotide pH Residues Residuesa 


Guanosine 8 .0 
5‘-monophosphate 


Adenosine 4 .O  
5 ‘ -monophosphate 


5.5 


8 .O 


11 .o 


12.5  


C ytidine 8 . 0  
5 ‘-monophosphate 


Uridine 8 .0 
5 ‘-monophosphate 


0.4 
1 .o 
1 . 5  
2 
4 
8 
1 
2 
3 
1 
2 
3 
4 
1 
2 
4 
2 
4 
8 
2 
4 
8 


10 
10 
10 


0.38 
0.40 
0 . 4 3  


N o  precipitate 
No precipitate 


1 .o 
N o  precipitate 


0.60 
0.47 


N o  precipitate 
0.50 
0.65 
0.50 
0.16 
0.22 
0 .23  


N o  precipitate 
No precipitate 
No precipitate 
N o  precipitate 


0.58 
0.61 
0.79 
0.60 
0 . 8 9  


a Each number is an average of duplicate analyses and was calculated by 
difference in concentrations before and after precipitation. Experimenta 
were carried out at room temperature. In each experiment, the initial poly-L- 
h i n e  concentration was 1 x 10-8 M (lysine residue basis). The pKa of 
the amino group of poly-L-lysine is 10.5. The nucleotides each have a 
phosphate pKa at about 6.5. 


phosphate to uridine 5’-monophosphate. A t  pH 8.0, with reactants 
present in equimolar amounts, guanosine 5’-monophosphate is 
quantitatively precipitated from polylysine solution; under the 
same conditions with a 10-fold molar excess of uridine 5’-mOnO- 
phosphate over lysine residues, only a small amount of precipita- 
tion is observed. The specificities are also clearly shown by the tur- 
bidity curves in Fig. 1. 


A t  the same time that these experiments were being done, 
space-filling models were constructed to explore the stereochemi- 
cal properties of the polylysine-nucleotide interactions. Around a 
poly-L-lysine molecule in an a-helical form, one could fit an associ- 
ated helix of base-stacked mononucleotides in the anti-conforma- 
tion (Fig. 2). This model suggested that the 2’-OH group might be 
an important factor in stabilizing the interaction. It also predicted 
a maximum binding of three nucleotides per lysine residue, a stoi- 
chiometry never observed in the laboratory. 


Wagner and Arav (13) also studied the binding of mononucleo- 
tides to poly-L-lysine and poly-L-arginine, using equilibrium dialy- 
sis at pH 7.0 in the presence of 0.02 M acetate. Under these condi- 
tions, the declining order of association constants for nucleotide 
interactions with both poly-L-lysine and poly-L-arginine was gua- 
nosine 5’-monophosphate > adenosine 5’-monophosphate > cytid- 
ine 5’-monophosphate > uridine 5’-monophosphate. The same hi- 
erarchy was found for turbidity development (phase separation). 


Wagner (14) was the first to point out that, a t  low nucleotide 
cohcentrations, binding of mononucleotides by polybasic amino 
acids was essentially noncooperative, followed Langmuir binding 
curves, and did not produce phase separation. However, as nucleo- 
tide concentration was increased at  constant polyamino acid con- 
centration, the binding became cooperative and phase separation 
occurred. Wagner also found that the binding affinities of nucleo- 
tides for poly-L-arginine was in the order guanosine 5’-monophos- 
phate > adenosine 5’-monophosphate > cytidine 5’-monophos- 
phate. 


Wulff et al. (15) reported a continuation of this work; they stud- 
ied the binding of 5’-ribonucleotides to poly-L-lysine using circular 


dichroism. These experiments were carried out a t  lo, pH 7, in the 
‘presence of 0.02 M KF. Poly-L-lysine and nucleotide concentra- 
tions were 1.4 and 0.5 mM, respectively. Under these conditions, 
only guanosine 5’-monophosphate showed circular dichroic spectra 
that differed significantly from the sum of the spectra of the indi- 
vidual components. The investigators concluded that the binding 
of guanosine 5’-monophosphate resulted in a cooperative ordering 
of guanosine 5’-monophosphate molecules, probably mediated by 
‘increased base stacking. There was some indication from the data, 
based on circular dichroism effects a t  -220 nm, that the poly-L- 
lysine was assuming a more helical conformation. 


Rifkind and Eichorn (16) carried out an extensive study of the 
effect of the 5’-ribonucleotides on the helicity of poly-L-lysine, 
poly-L-arginine, and poly-L-ornithine. They employed optica,l ro- 
tatory dispersion and used equimolar amounts of monomer and 
polymer at  either 1 X M. Phase separation did not 
occur. They studied the interaction at  pH 4 and 6 in both water 
and 60% dioxane. In water, the only nucleotides causing significant 
increases in helicity of any of the polyamino acids were 
guanosine 5’-monophosphate and inosine 5’-monophosphate (with 
poly-L-arginine at  pH 6). 


In 60% dioxane, all 5’-nucleotides induced helicity in poly-i-ly- 
sine at  pH 6. At pH 4, guanosine 5‘-monophosphate, inosine 5’- 
monophosphate, and adenosine 5’-monophosphate induced heli- 
city in poly-L-lysine. Poly-L-ornithine became more helical only 
with guanosine 5’-monophosphate a t  both pH 6 and 4. Poly-L-argi- 
nine became more helical with all nucleotides a t  pH 6 (guanosine 
5’-monophosphate > adenosine 5’-monophosphate > inosine 5’- 
monophosphate > uridine 5’-monophosphate > cytidine 5’-mOnO- 
phosphate) and with guanosine 5’-monophosphate > adenosine 
5’-monophosphate > inosine 5’-monophosphate at pH 4. Changes 
in the optical rotatory dispersion spectra at -233 nm were used to 
measure helicity in the polyamino acid. Greater helical ordering of 
the nucleotide was observed at  longer wavelengths where it was 
found that guanosine 5’-monophosphate became more ordered 
than the rest of the nucleotides, probably due to its greater ability 
to self-associate. Rifkind and Eichorn (16) concluded that the 
overall ability of the 5’-ribonucleotides to induce helicity in po- 
lyamino acids was guanosine 5’-monophosphate > inosine 5’-mo- 
nophosphate > adenosine 5’-monophosphate > cytidine 5’-mOnO- 
phosphate - uridine 5’-monophosphate, which is in agreement 
with base-stacking tendency (17). 


These results, together with those already mentioned, make it 
clear that the association of the nucleotides with the basic polyam- 
ino acids consists of a primary electrostatic attraction, without 
which the interaction does not take place, and a secondary one, the 


or 5 X 


Figure %-Photograph of a molecular model of an a-helix of 
poly-clysine inside and complementary helix of associated 
adenosine 5’-mnophsphate monomers outside. Note lysine 
side chains intercaluted between adenine rings. Adenine rings 
are base stacked, and the nucleotides are in an approximate 
anti-conformation. The outside of the complex is a continuous 
sequence of ribose phosphates stabilized by hydrogen bonding of 
2’-0H on one nucleotide to the phosphoryl oxygen of the next. 
Altllough the model shows hydrogen bonding of the -NH2 of 
one adenine to the -NH2 of the next, this is not a known prop- 
erty of adenine-adenine interactions and may not be operative 
in actuality. 
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association of the nucleotides with themselves. The extent of coop- 
eration of these two attractions then determines the final strength 
of binding. 


The cooperative nature of these interactions at  high nucleotide 
concentrations has been treated in detail (14,18). 


In model-building experiments (12), the 2’-OH groups of the nu- 
cleotides may have participated in nucleotide-nucleotide interac- 
tions through hydrogen bonding of the ribose on one nucleotide to 
the phosphoryl oxygen on a neighboring nucleotide. Several stud- 
ies (18, 19) examined the importance of the 2’-OH group. Circular 
dichroic spectra showed that guanosine 5’-monophosphate and 
guanosine 3’-monophosphate (with 2’-OH groups) both caused 
changes in the spectra of poly-L-lysine a t  short wavelengths, indi- 
cating polyamino acid conformational change, and at  high wave- 
lengths, indicating association of the bases. However, deoxygua- 
nosine 5’-monophosphate and deoxyguanosine 2’-monophosphate, 
lacking 2’-OH groups, caused only minor spectral changes. 


In equilibrium dialysis experiments with the same set of nucleo- 
tides, it was found that nucleotides having the 2‘-OH group pos- 
sessed considerably greater nearest neighbor interaction energies 
than those lacking the 2’-OH group. The stacking coefficients de- 
creased in the order guanosine 3’-monophosphate > guanosine 5’- 
monophosphate > deoxyguanosine 5’-monophosphate > guanosine 
2’-monophosphate. The 2’-OH group is obviously an important 
factor in stabilizing these interactions. 


Wagner (20) also explored the effect of variations in amino acid 
side-chain length on the interaction of polybasic amino acids with 
guanosine 5’-monophosphate. Polyarginine, polyhomoarginine, po- 
lyornithine. and polylysine were studied at  O”, pH 7, and in the 
presence of 0.02 M sodium acetate. The binding constants under 
these conditions decreased in the order polyarginine > polyho- 
moarginine > polyornithine > polylysine. Thus, the side chains 
with stronger basicity and shorter chain length had greater affinity 
for the nucleotide. The cooperativity of guanosine 5’-monophos- 
phate interaction was about the same with all polymers. Circular 
dichroism results showed that poly-L-lysine fit best into the or- 
dered guanosine 5’-monophosphate structure even though the 
other polymers had greater binding constants. 


NMR Studies of Adenosine 5’-Monophosphate with Poly- 
L-lysine-In an NMR study of monoamino acid-mononucleotide 
interactions at  high concentrations (21), the authors observed that 
adenosine 5’-monophosphate, but not the other three common mo- 
nonucleotides, caused changes in the chemical shifts of amino 
acids. Furthermore, all three amino acids studied (lysine, arginine, 
and proline) showed these changes. The changes in chemical shift 
were downfield from the reference signal. This kind of change indi- 
cates that the amino acid side chain is oriented in the same plane 
as the nucleotide base ring. Since none of the other nucleotides 
caused such changes, it was decided that there was a generalized 
amino acid-adenosine 5’-monophosphate association. 


The same interaction with poly-L-lysine and adenosine 5’-mOnO- 
phosphate was then studied. First a polymer having a molecular 
weight of about 100,OOO was tried. After the addition of adenosine 
5‘-monophosphate, the lysine protons were not easily resolved. A 
polymer with a molecular weight of 3000 was then used. A t  a poly- 
L-lysine concentration of 0.46 M and pH 8.0, additions of adeno- 
sine 5’-monophosphate did not cause phase separation but did 
cause downfield shifts of the lysine side-chain protons (Fig. 3) as 
the adenosine 5’-monophosphate concentration increased. In the 
presence of the poly-L-lysine, the ring protons of the adenine ring 
showed an upfield shift with the Hs proton shifting more than the 
Hz. Such upfield shifts result when base stacking occurs. 


Schweizer et al. (9) earlier reported such a shift of the adenine 
proton signals of adenosine 5’-monophosphate in the presence of 
poly-L-lysine, but these investigators did not mention changes in 
the position of the lysine proton signals. These data may indicate 
that the lysine side chain is approaching the edge of the adenine 
ring in the same plane as the ring and that polylysine induces 
tighter stacking of the adenosine 5’-monophosphate rings. The 
greater shift of the Ha proton signals would occur if the imidazole 
rings of the purines overlapped more than the six-membered rings. 
Such an offset of the rings suggests helical ordering. These data 
also suggest why poly-L-lysine hinds preferentially to adenine-thy- 
mine-rich regions of DNA. The hasis for this specificity of binding 
is probably the affinity of the lysine side chains for the adenine 
rings exposed in the grooves of the adenine-thymine regions of 
DNA. 
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Figure %(a) Positions of PMR signals of the protons of the 
adenine ring of adenosine 5’-monophosphat~ in aqueous (D20) 
solution at pH 8.0 and various adenosine 5f-momphosphate 
concentrations without (0) and with (0) poly-clysine (0.46 M 
residue basis). An internal standard, 2,2,3,3-tetradeutero-3- 
(trimethylsily1)propionic acid sodium salt, was used. (b)  
Positions of the amino acid side-chuin protons of lysine (0) 
and poly-dysine (a), as identified in the formula, at various 
adenosine 5‘-monophosphate concenti.atwns at pH 8.0. Posi- 
tions are relative to the internal standard. All data were col- 
lected at 25O. 


The important role played by base stacking in polyamino acid- 
nucleotide interactions suggests the possibility of ring-ring inter- 
actions between aromatic amino acids and DNA. There have been 
some reports of such interactions (22, 23). These studies have gen- 
erally shown ring stacking of the aromatic amino acids with the 
rings of the nucleic acid bases. 


SUMMARY 


The results reviewed here show that the interactions of nucleo- 
tides with polybasic amino acids are strongly influenced by the nu- 
cleotide-nucleotide interactions that occur once the monomers are 
bound to the polyamino acid. The charge-charge interactions be- 
tween negative phosphate groups and positively charged amino 
acid side chains are common features of all pairs of reactants. The 
specificity of the interaction is determined to a large extent by the 
variations in self-associating tendencies of the bound nucleotides. 


When the monomer binding sites on the polymer are close 
enough to each other to allow bound monomers to interact, a coop- 
erative binding occurs which is dependent on the specific nucleo- 
tide-nucleotide interactions. Polymer structure influences the 
binding process because the structure of the polymer determines 
the spatial relationships of the monomer binding sites. Thus, the 
monomer binding is influenced by such factors as the length of the 
amino acid side chain on the polyamino acid and helix+oil transi- 
tions in the polymer. 


Both specific and nonspecific interactions can be influenced by 
changes in experimental conditions affecting the forces responsible 
for the binding. Specificity is enhanced by conditions favorable to 
base stacking, and binding can be prevented entirely by conditions 
that interfere with charge-charge interactions. 


On the hasis of experience with mononucleotide-polybasic 
amino acid interactions, it is possible to make important inferen- 
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ces regarding the interactions of polypeptides and nucleic acids. 
The coplanar interaction of lysine side chains and adenine rings 
suggests that exposed adenine rings in adenine-thymine-rich re- 
gions of nucleic acids may serve as important binding sites for re- 
gions of polypeptide chains having amino acid residues of appro- 
priate structure. 


Finally, these studies have important implications for the syn- 
thesis of drugs intended to interact with specific regions of nucleic 
acids. Such drugs should be designed to take advantage of the 
specificity that can be achieved by cooperative self-association 
once initial attachment is made to  the nucleic acid. 
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Drug-Biomolecule Interactions: 
Mechanisms and Kinetics of Interactions of 
Biomolecules at Interfaces 


FEDERICO A. VILALLONGA 


Abstract At the air-water interface, the area occupied by the 
molecules of each component of mixed monomolecular layers of 
cholesterol with hexadecyl alcohol, hexadecylic acid, or hexadec- 
ylamine was independent of the presence of the other component. 
The values of the free energy of mixing of these lipids were within 
the range of the entropic factor of the free energy even a t  high sur- 
face pressures. Mixed monolayers of cholesterol and bovine serum 
albumin showed a similar independence of the area per molecule 
and of the free energy of mixing values when the concentration of 
the protein was expressed in terms of amino acid residues per mol- 
ecule of protein forming the mixed monolayer. Higher values of 
the free energy of mixing were obtained for mixed monolayers of 
cholesterol with dipalmitoyl lecithin and dipalmitoyl phosphatid- 
ylethanolamine than were expected from an entropic factor. The 


interaction between monomolecular layers of lipidic biomolecules 
with bulk subphase components, the energy of activation, interac- 
tion kinetics, and effects of added electrolytes were also studied. 
The implications of these data to a mechanism of action are dis- 
cussed. 


Keyphrases 0 Phospholipid monolayer interactions-mecha- 
nisms and kinetics at  interfaces 0 Interfaces-mechanisms and ki- 
netics of interactions, surface pressure and surface potential 


Monolayers, phospholipid-mechanisms and kinetics of interac- 
tions of biomolecules of interfaces 0 Drug-biomolecule interac- 
tions-mechanisms and kinetics of interactions of biomolecules a t  
interfaces Interactions-drugs with biomolecules, symposium 


Drug molecules incorporated into body fluids are 
distributed and directed to receptors located in tissue 
cells. If the receptors form part of the cell membrane, 
as seems to be the case for some local anesthetics (1) 


and bactericides (2), the interaction with the receptor 
alters the permeability of the cell membrane and 
thus completely defines the pharmacological activity 
of the drug. If the receptors are located in subcellular 
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Solubility of Nonelectrolytes in Polar Solvents 111: 
Alkyl p -  Aminobenzoates in Polar and Mixed Solvents 


S. H. YALKOWSKY x, G. L. AMIDON *, G. ZOGRAFI *, and 
G. L. FLY”* 


Abstract 0 The relative solubilities of n- alkyl p- aminobenzoates 
in water, propylene glycol-water mixtures, propylene glycol, and 
several other pharmaceutically important solvents can be predict- 
ed on the basis of a theoretical equation. This equation relates the 
activity coefficient of the hydrophobic portion of the molecule to 
the product of its surface area and itsinterfacial tension [free ener- 
gy per unit area of a hydrocarbon (tetradecane) against the polar 
or semipolar solvent of interest]. The assumptions, conclusions, 
and applicability of the theoretical relationship are compared to  
those of the Scatchard-Hildebrand approach. 


Keyphrases 0 p- Aminobenzoates, alkyl-solubility in polar and 
mixed solvents, equation developed for predicting solubility 0 Al- 
kyl p- aminobenzoates-solubility in polar and mixed solvents, 
equation developed for predicting solubility 0 Solubility-alkyl 
p- aminobenzoates in polar and mixed solvents, equation devel- 
oped for predicting solubility, compared to Scatchard-Hildebrand 
approach 0 Solvents, polar-solubility of nonelectrolytes (alkyl 
p- aminobenzoates) 


From a pharmaceutical point of view, the most im- 
portant physical-chemical property of a substance is 
its aqueous solubility. In addition to designating the 
maximum concentration (blood level) attainable for a 
drug, aqueous solubility is a dominant factor in parti- 
tioning and adsorption onto biological surfaces. Solu- 
bility in water-miscible polar solvents and in mixed 
aqueous solvents is also of great potential utility in 
the design of parenteral, topical, and liquid vehicles 
for drugs. 


The ability to predict the effects of even simple 
structural modifications or vehicle modifications on 
solubility can be of great value in the design of im- 
proved drugs and drug delivery systems. Theoretical 
descriptions of solubility have mainly been restricted 
to either nonpolar solutes in nonpolar solvents (1-4) 
or to salts and other highly polar solutes in water (5) 
and are thus not directly applicatie to either aqueous 
(or polar) solvents of pharmaceutical interest. Sever- 
al empirical correlations between structure and aque- 
ous solubility have been published (6-8) but have not 
received wide acceptance. 


Recently, the authors (9, 10) applied an “interfa- 
cial” model to the solubilities of aliphatic alcohols 


and hydrocarbons in water. This model equates the 
combined attractive and repulsive forces between the 
hydrocarbon portion of the molecule and water with 
the product of the molecular surface area and the 
free energy per unit area (the latter being related to 
the curvature corrected hydrocarbon-water interfa- 
cial tension). It has been used successfully for pri- 
mary, secondary, tertiary, linear, branched, and cy- 
clic alcohols and hydrocarbons (10) and also for other 
liquid series1. I t  is also applicable to series whose 
members are crystalline provided that the ideal solu- 
bility (determined from thermal data) is taken into 
account. 


THEORETICAL 


In an ideal solution, the solute-solute and solvent-solvent inter- 
actions are equivalent to the solute-solvent interactions, and there 
is no change in heat or volume on mixing. Thus, the only thermo- 
dynamic.factor affecting solubility is the entropy of mixing, which 
results in infinite miscibility or a mole fractional solute solubility 
( X 2 )  of unity. This is frequently written as: 


(Es. 1) -1% (X,)ideal = 0 


If the solute is a solid, the crystal lattice energy opposes the so- 
lution process. The magnitude of this effect on solubility is ap- 
proximately: 


where AH/ is the molar heat of fusion of the crystal having an ab- 
solute melting point of T,, R is the gas constant, and T is the abso- 
lute temperature. At the melting point, where the solute becomes a 
liquid, (Tf - T) vanishes and Eq. 2 becomes Eq. 1. 


Virtually all pharmaceutically important solutes have aqueous 
and polar solvent solubilities well below their ideal values. For 
these solutes, the deviation from ideality is described by an activi- 
ty coefficient (ac) defined so that: 


-log X p  = log X p a ’  + IO!gg(ac) (Eq. 3) 


The activity coefficient reflects the sum of: (a) the work required 
to remove a solute molecule from its surrounding of other solute 
molecules, W22; (b)  the work required to create a cavity in the sol- 


’ S. H. Yalkowsky and G. L. Amidon, unpublished observations. 
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vent large enough to contain a solute molecule, W11; and (c) the 
work gained on the insertion of the solute molecule into the cavity, 
W12. Mathematically, it can be shown that (1,2): 


where V2 is the solute partial molal volume, and 41 is the solvent 
volume fraction. For dilute solutions, 41 and @12 can be approxi- 
mated by unity. 


Systems for which the size and polarity of the solute and solvent 
do not differ greatly are termed regular solutions. For these regular 
solutions, the term Wl2 (which is difficult to evaluate) can be ac- 
curately approximated by the geometric mean of W11 and W22 
(which are easily measured): 


WI? = v a  (Eq. 5) 


and Eq. 4 becomes: 


for dilute solutions. The square roots of the work terms are fre- 
quently designated as solubility parameters, 61 and 62. Thus: 


(Eq. 7 )  


For aqueous or polar solvent solutions of most drugs, the geo- 
metric mean approximation (Eq. 5) is not valid and Eqs. 6 and 7 
are thus not applicable. However, Eq. 4 is still valid and would be 
useful if it were possible to measure W12 (or 612) conveniently. 


In a previous publication (lo), the authors discussed a two-di- 
mensional analogy to Eq. 4, where W11, WIZ, and W22 are re- 
placed by the surface and interfacial tensions 71, 7 2 ,  and 7 1 2  and 
the partial molal volume is replaced by molar surface area A2. 


Mathematically, the work required to remove a solute molecule 
from a hulk phase is equal to the surface area created times the 
surface tension of the liquid. (Curvature corrections will be dis- 
cussed later.) Since removal of a single molecule from a bulk liquid 
phase does not measurably change the bulk phase surface area, it 
is only necessary to consider half of the work of cohesion: 


XWC = yrA,  (Eq. 8 )  


Likewise, the work required to create a cavity in the solute 
phase capable of accommodating the solute is equal to half the sol- 
vent work of cohesion: 


XWC = y l A L  (Eq. 9 )  


Finally, the work involved in the insertion of the solute molecule 
into the solvent cavity is given by the work of adhesion between 
the two species: 


W A  = + Y i  + Y I  - Yii)A: (Es. 10) 


These three steps, which are strictly analogous to those used in 
deriving Eq. 4, cah be summed and used to give: 


Y1rAz log(ac) = -___ 2.303RT (Eq. 11) 


The main advantage of using the two-dimensional model over 
the more commonly used three-dimensional one is that, for the 
systems of interest, the term 7 1 2  is experimentally measurable 
whereas 612 is not. Interestingly, the interfacial tension is difficult 
to measure for substances of similar polarity where the geometric 
mean rule is valid; conversely, Eq. 11 is useful for situations where 
Eq. 7 is inapplicable so that the two equations are complimentary 
rather than competitive. 


Equation 11 can be obtained more intuitively by a modification 
of standard cavity theories of solubility. In general, these theories 
consider the energy required to create a cavity or hole in the sol- 
vent and then add a solute-solvent interaction term. The use of 
the interfacial rather than the surface tension eliminates the need 
to use a specific interaction term because 712 is already dependent 
upon solute-solvent interactions. 


Another means of obtaining Eq. 11 utilizes the relationship (1) 


Table I-Selected Hydrocarbon-Water Interfacial Tensions 


Interfacial Tension Reported 


Hydrocarbon Ref. 14 Ref. 15 Ref. 13 


- n-Pentane 49.0. - 


2-Methylbutane 49.64" - 
n-Hexane 50.8a 5 1 . 1  4 9 . 5  


50.2O 
- 


C yclohexane 
n-Octane 


51.25a 
5 1 . 2  


51.7a 5 0 . 8  
- - 


- 


50.  8a 
51.68" 


2.2.4-Trimethvl- 50.  la - - . .  
pentane 


5 1 . 2  _. n-Decane 
Decalin 5 1 . 4  - 
Tetradecane 5 2 . 2  5 1 . 9  
White mineral oil - 


- 
- 
- 


- 5 1 . 3  


0 These are literature values gathered by Pomerantz et al. (14). 


that yA = 62V which, when substituted into Eq. 4, gives: 


for dilute solutions. With Antanow's rule, which states that y1 + y2 
- 712  = 0, Eq. 11 derives directly from Eq. 4. This derivation is not 
to be preferred because it relies upon the geometric mean rule and 
Antanow's rule, both of which are not generally valid. It is present- 
ed only to illustrate the parallelism between the two approaches. 


To make Eq. 11 applicable to solutions of nonelectrolytes in 
polar solvents, consider how both y12 and A 2  vary with structure. 
It is convenient to consider, as did Langmuir ( l l ) ,  the aliphatic 
and nonaliphatic portions of the solute separately. The total sur- 
face area A2 of each solute is then equal to the area of the polar 
(p- aminobenzoate) moiety A, plus the area of the aliphatic hydro- 
carbon chain Ah: 


A? = A,  Ah (Eq. 13) 


When using this relationship, Eq. 11 becomes: 


(Eq. 14) 


where y 1h is the microscopic aliphatic hydrocarbon-solvent inter- 
facial tension, and y 1, is an analogous two-dimensional term de- 
pendent upon the interactions between the solvent and the polar 
portion of the solute. These terms are similar to those first pro- 
posed by Langmuir (11) in his principle of independent surface ac- 
tivity. 


If yl ,  and A, are both independent of the size of the alkyl 
group, the change in activity coefficient with homologation would 
be expected to be directly proportional to the change in the hydro- 
carbon surface area Ah. The quantity ylpAp could then be deter- 
mined from the intercept a t  A,. These values are presently under 
study for a large number of polar groups. However, the present 
paper considers only changes in the hydrophobic portion of semi- 
polar solutes with particular emphasis on normal aliphatic chains 
[branched chains were considered previously (lo)]. 


The method of calculating the surface area of a molecule has 
been described in detail (10, 12). Briefly, the calculation involves 
determining the most likely molecular conformation of the atomic 
centers and then determining the areas from the van der Waals 
radii of the atoms and the solvent. Overlapping areas and areas not 
accessible to solvent are not included. 


In the calculation of the interfacial tension, two factors must be 
considered: (a) the dependence of 7 1 2  on the hydrocarbon moiety, 
and (b) i ts  dependence on both the high curvature that exists at 
the microscopic interface surrounding a single molecule and the 
density difference associated with the change from a macroscopic 
to microscopic interface. Studies (13-15) have shown that hydro- 
carbon-water interfacial tension, although definitely dependent on 
hydrocarbon structure, falls within a narrow range and is not 
greatly affected by branching. Some selected values are listed in 
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Table 11-Logarithms of Mole Functional Solubilities of Alkyl p-Aminobenzoates in Various Solvents 
~~ ~~ 


Ester (Surface Area) 


Ethyl  Butyl Hexyl Octyl Dodeczl 
Solventn (391.5 A2) (455.2 Az) (518.8 Az) (582.4 A2) (709.6 A2)  


Ideal: 25' -0,619 -0.406 -0.669 -0.933 - 1.731 
37 O -0.490 -0,239 -0.426 -0.680 - 1.438 


Water: 25," -4.060 -4.378 -5.252 -7.647 
37 -3.734 -4.508 -5.715 -8.124 -9.544 


Methanol -0,950 -0.519 - 1,039 - 1.729 -2.798 
Ethanol - 1.080 -0,615 - 1.027 -1.509 -2.370 
Ethylene glycol - 1.588 -1.576 -2.374 -3.139 -4.750 
Propylene glycol, 37' -1.161 -0,710 -1,153 -1.688 -2 ,968 
Glycerin - 1.952 -2.660 -3.494 -4.520 -6.733 
Formamide -1.671 - 1.826 -2.656 -3.466 -5.063 


N,N-Dimethylformamide -0.371 -0,242 -0.359 -0.530 -2.113 
Hexane, 37' -2.778 -2.222 -2.285 -2.495 -3.015 
Silicone oil, 37' -1.005 -0,721 -0.890 - 1 .138 -1.771 


N-Methylformamide -0.695 -0.542 -0,678 - 1.168 -2.388 


a All data for 25" unless otherwise indicated. 


Table I, from which it is seen that 50 dynedin. is a good represen- 
tative value. Zografi and Yalkowsky (13) made similar observa- 
tions for all other solvents used in this study. 


A water molecule at a highly convex surface is in contact with 
more water molecules than if i t  were at  a planar surface. Since 
some of these neighboring molecules are on the hydrocarbon side 
of a plane tangent to the interface, there are stronger inward 
(toward the hydrocarbon) forces than there are a t  a flat surface. 
These inward forces counterbalance some outward attractive forc- 
es and thus reduce the interfacial tension. Also, a bulk interfacial 
tension involves void spaces in the hydrocarbon phase, which can- 
not be present at the microscopic interface as it has been defined 
here. 


rameter with which to correlate solubility. The exact value of C 
may be dependent upon the size of the solvent molecule and the 
degree of curvature (16, 17). However, since the solvents being 
considered do not vary greatly in size, this variation will be ignored 
in the present paper. 


From Eq. 15, one would expect the ability of each member of a 
group of solvents to solubilize a methylene group, i.e., the activity 
coefficient of a methylene group, to be directly proportional to the 
hydrocarbon-solvent interfacial tension. This could be extended to 
mixed solvents, provided that there is no preferential localization 
of either component at the bulk or molecular interface. 


EXPERIMENTAL 


Materials-The p -  aminobenzoate esters studied were selected 
from those used in Ref. 18. All solvents were of reagent grade and 
were used as received. The water was deionized. 


Solubility Measurements-Solutions cdntaining excess solid 
were allowed to equilibrate for 3 days with mild agitation. They 
were then filtered through a thermally equilibrated filter, diluted 
with methanol or hexane, and read spectrophotometrically. 


On this basis, Eq. 11 is modified to give: 


(Eq. 15) 
-CY,A, log(ac) = ___ 2303RT 


where C is a curvature correction factor [due cognizance is given to 
the complex nature of the molecular interface in defining C (lo)]. 


The important feature of Eq. 15 is that if C is a constant, the 
bulk hydrocarbon-solvent interfacial tension is a meaningful pa- 


Table 111-Logarithms of Mole Fractional Activity Coefficients of Alkyl p-Aminobenzoates in Various Solvents 


Slope, 
Ester A log (ac) 


Water -3.441 -4.472 -5.583 -6.654 - -0,537 


Methanol -0,331 -0.114 -0,370 -0.737 -1.068 -0.089 


Ethylene glycol -0.969 -1.170 -1.706 -2.146 -3.019 -0,212 
Propylene glycol, 37" -0.372 -0.472 -0.728 -1.009 - 1.530 -0,120 


 solvent^^ Ethyl  Butyl  Hexyl Octyl Dodecyl A n  


Water, 37" -3.245 -4.269 -5.299 -6.444 -8.106" -0,525 


Ethanol -0.461 -0,209 -0.359 -0.516 -0.639 -0.029 


Glycerin -1.334 -2.254 -2.825 -3.509 -5.002 -0.358 
Formamide - 1.053 - 1.421 - 1.987 - 2 :474 -3.332 -0.233 
N-Methylformamide -0,077 -0.046 -0.010 -0.175 -0.658 -0.059 
N,N-Dimethylformamide t-0.248 + O .  164 + O  ,309 +0.463 -0,383 -0.050 
Hexane, 37" -2.288 - 1.983 -1.859 -1 .815 - 1.668 + O  ,056 
Silicone oil, 37O -0,515 -0.482 -0,465 -0.458 -0,333 + O  ,017 


' All data for 25' unless otherwise noted. * Not used in calculation of slope because of uncertainty of experimental measurement. 


Table IV-Logarithms of Mole Fractional Solubilities of Alkyl p-Aminobenzoates in Propylene Glycol-Water Mixtures 


Solvent" 


Propylene 
Water, % Glycol, % 


Ester 


Ethyl  Butyl Hexyl Octyl Dodecyl 


100 0 
80 20 
60 40 
40 60 
20 80 


0 100 


-3.734 -4.500 
-3.329 - 3.909 
-2.720 -3.108 
-2.337 -2.250 
-1.828 - 1 ,345 
-1.161 -0,710 


-5.715 -7.142 -9.540 
-5.086 -6.168 -8.433 
-4.234 -5.245 -7.347 
-3.115 - 3.987 -5.470 
-2.321 -2.961 -4.386 
-1.153 -1.688 - 2.968 


a All data for 37". 
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Table V-Logarithms of Mole Fractional Activity Coefficients of Alkyl p-Aminobenzoates in 
Propylene Glycol-Water Mixtures 


Slope, 
Ester A log (ac) 


Solvent0 Composition Ethyl  Butyl  Hexyl Octyl Dodecyl An 


Water  -3.245 -4.268 -5.289 -6.444 -8.106* -0.525 
20% Propylene glycol -2.840 - 3.671 -4.661 -5.488 -6.995 -0,419 


60% Propylene glycol -1.848 -2.012 -2.690 -3.307 -4.032 -0.234 
80% Propylene glycol -1.339 -1,107 - 1.895 -2.281 -2.948 -0.183 


40% Propylene glycol -2.230 -2.870 -3.809 -4.566 -5.910 -0.375 


Propylene glycol -0.372 -0.472 -0.728 - 1.009 -1,530 -0.120 


5 All data for 37O. b Not used in calculation of slope because of uncertainty of experimental measurement. 


Ideal Solubility Determinations-These values were calculat- 
ed using Eq. 2, the heat of fusion, and the melting temperature. 
The heats of fusion were determined by a differential scanning cal- 
orimeter. The melting points were determined by hot-stage mi- 
croscopy and differential scanning calorimetry, both as described 
previously (18). 


Interfacial Tensions-The interfacial tensions were deter- 
mined against tetradecane using the Wilhelmy plate method. The 
experimental details along with the dependence of interfacial ten- 
sion on hydrocarbon density were described in a separate publica- 
tion (13). 


RESULTS 


The ideal mole fractional solubilities of ethyl, butyl, hexyl, octyl, 
and dodecyl p-aminobenzoates a t  25 and 37' are given in Table 11. 
These values were calculated from the experimentally measured 
heats and temperatures of fusion as described. Their relationship 
to changes in crystal structure with chain length was discussed 
previously (18). The experimental mole fractional solubilities of 
the five esters in each of the 11 pure polar solvents considered are 
also given in Table 11. 


The exDerimenta1 and ideal mole fractional solubilities of Table 
I1 and E i .  3 were used to calculate the activity coefficients of each 
ester in each solvent. The logarithms of these values are listed in 
Table 111. The expected linear decline in log (ac) with increasing 
chain length was observed in nearly all solvents. The sensitivity, u, 
of the solvent to an additional methylene unit can be defined as: 


(Eq. 16) 


(This relationship is generally not valid for n = 0 because the 
free acid can undergo donor hydrogen bonding and cannot be con- 
sidered part of the series.) The value of u for each solvent is given 
in the last column of Table 111. The values of u for water a t  25 and 
3 7 O  are close to each other and to the value determined for the al- 
cohols and hydrocarbons (10,ll) and other series (6-8). 


The logarithms of the solubilities and activity coefficients of the 
esters in mixed propylene glycol-water solutions are given in Ta- 


Table VI-Solvent Properties 


bles IV and V. Each mixed solvent behaves as a pure solvent hav- 
ing a value of u which is directly dependent upon its composition. 


The molecular surface areas of each normal alkyl ester of p-ami- 
nobenzoic acid were calculated by Hermann's (12) method using 
an effective solvent radius of 1.5 A as described previously (10). 
From these values, it is found that the surface area of the esters 
above propyl, like the alcohols and hydrocarbons, increases by 31.8 
AVmethylene unit (see Table 11). The interfacial tensions of each 
solvent against tetradecane (a representative hydrocarbon) are 
listed in Table VI. For mixed solvent systems the interfacial ten- 
sions were also calculated as the composition weighted average of 
the pure solvent values: 


Y l h  Y w h f w  + Y c h f r  (Eq. 17) 


where w and c represent water and cosolvent, respectively. The 
corresponding surface tensions, solubility parameters, and dielec- 
tric constants are also listed in Table VI for comparative purposes. 


DISCUSSION 


Semilogarithmic plots of mole fractional solubility uersus chain 
length for the alkyl p-aminobenzoates in any of the solvents stud- 
ied (mixed or pure) show a break in linearity a t  n = 4 (see Fig. 2 of 
Ref. 9 and Figs. 2-4 of Ref. 18). This break has been shown to be 
due to the fact that the butyl ester has the weakest crystal lattice 
energy of the series and thus has the greatest ideal solubility. 
When the ideal solubility is divided into the observed solubilities, 
good linearity between log (ac) and chain length is found. 


The slopes of these lines (Tables I11 and V) can be seen to be 
roughly dependent upon solvent polarity: Uhexene = f0.06, ugiScerln 
= -0.36, and uWster = -0.53. Comparisons of u with each parame- 
ter in Table VI were considered, but the best correlation was ob- 
tained with interfacial tension; therefore, the discussion will be 
confined to interfacial tension for which linearity may be expected. 


Since the increase in surface area per methylene unit is a con- 
stant (31.8 A2 above the propyl ester), Eqs. 15 and 16 can be com- 
bined to give: - 


* Y l h  
u = -  2.303RT (Eq. 18) 


Interfacial Tension 
Solubility Dielectric Surface against 


Solvent Parameter  Constant Tension Tetradecane 


Water  23.4 78.5 72 . O  51.9 
Methanol 14.5 33 23 .o 4.2 
Ethanol  12.8 24.3 22.2 
Ethylene glycol 17.1 37.7 48.8 19.3 
Propylene glycol 15 . O  32.1 37.1 12.5 
Glycerin 17.7 42.5 64.9 35.2 
Formamide 19.4 109.5 58.7 31.2 
N-Methylformamide 16.1 190 40.1 12.3 
N,N-Dimethylformamide 12.2 36.7 36.6 4.6 


18.5 0 . o  
- 0 .o Hexane 7.3 


Silicone oil - - 
65.2"-53.3' 44, la-34. 2b 20% Propylene glycol 21.4n 77.60 


40% Propylene glycol 19.80 59.9" 58.4a-47 . O b  36,2'-28.9' 
48.78 51.65-42.9' 28.3'-22.9' 60% Propylene glycol 18.2n 


80 % Propylene glycol 16.5a 41 .4b 44.8a-39. lb 20.4n-17.1h 


- 


Estimated as the sum of the properties of the pure solvent timea their volume fraction. * Experimentally measured. 
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Figure 1-Dependence .of methylene group activity coefficient 
in a solvent upon the solvent-tetradecane interfacial tension. 
Key: @, pure  solvents; O, experimental interfacial tension of 
mixtures; and B, calculated interfacial tension of mixtures. 


to predict the slight increase in log (uc) with chain length in some 
solvents, nor can the curvature of such data be predicted. Fortu- 
nately, as mentioned previously, these properties are handled well 
by regular solution theory. On the other hand, the use of Eq. 7 can- 
not predict the linearity of the log (ac) uersus n data observed in 
the polar solvents and the mixed solvents in this study. 


The limiting factor to the validity of the theory presented and of 
regular solution theory is the evaluation of the solute-solvent 
term, ylz or 812. The former can be measured for substances whose 
polarity is significantly different from one another while the latter 
is calculable for substances similar in polarity. Together, the two 
equations cover a wide range of solvents and solutes and bring one 
a step closer to being able to predict solubility u priori. Investiga- 
tions are already underway to determine the effects of common or- 
ganic substituents on activity coefficients. However, for the pres- 
ent, y 1 ~  applies only to saturated hydrocarbons which represent 
the alkyl portion of the solute. 


CONCLUSION 


A derivation is presented which equates RT log (ac) to YlhAh,  
the hydrocarbon-solvent interfacial tension times the molecular 
surface area of the hydrocarbon portion of a molecule. This equa- 
tion, which is a two-dimensional analogy to the Scatchard-Hilde- 
brand equation, avoids the need to rely upon the geometric mean 
rule and overcomes certain limitations on the application of the 
latter. It has been shown to be useful for predicting the effects of 
hydrophobic substituents on the activity coefficients of various 
semipolar substances in water, mixed aqueous solvents, and pure 
nonaqueous polar and semipolar solvents. 


The slope of u uersus y l h  (Fig. 1) is equal to -C/2.303RT (or 
-0.033C a t  25’). The observed slope is 0.01, which corresponds to 
a value of about one-third for C. This value is in good agreement 
with theoretical estimates (16, 17) and with the value obtained (10) 
for alcohols and hydrocarbons in water. Furthermore, the good lin- 
earity of Fig. 1 lends support to the assumption of a constant cur- 
vature correction factor and thus to the use of interfacial tension 
as a parameter with which to correlate solubility. The effects of 
chain branching and positional isomerism in each solvent having 
positive hydrocarbon-water interfacial tensions should be the 
same; reducing the surface area reduces the interfacial area and, by 
Eq. 11, increases solubility. 


In Fig. 1, both the experimentally measured and the calculated 
interfacial tensions are shown for the propylene glycol-water 
mixtures against tetradecane. The difference between the two is 
not unexpected. It is well known that semipolar components of 
aqueous solutions tend to be absorbed onto nonpolar interfaces. 
This accumulation of a surface excess of the less polar component 
causes a greater lowering of the surface or interfacial tension than 
would be observed for a completely homogeneous mixture. Since 
the calculated values are based upon complete homogeneity, they 
are, of necessity, higher than the measured values. At a microscop- 
ic interface within the bulk of the solution, i t  seems likely that 
there will be little or no accumulation of a surface excess of the co- 
solvents being considered. (Such an accumulation would effective- 
ly amount to complexation if it did occur to an appreciable extent.) 


While this postulate cannot be proved, it is interesting to con- 
sider the following possible reasons for its justification: 


1. The development of a surface excess is a slow diffusion-de- 
pendent process. The thermal motion of the particles (molecules) 
would tend to hinder the build-up of an absorbed layer. 


2. At the highly curved molecular interface, the interfacial ten- 
sion is much less than a t  a microscopic hydrocarbon or air inter- 
face. Thus, there would be a much smaller change in free energy 
per unit area when a third component (cosolvent) goes to the inter- 
face. 


The theory of regular solutions (Eqs. 2 and 7) has been used suc- 
cessfully to describe the solubilities of methyl through nonyl and 
dodecyl p- aminobenzoates in hexane (18) but was unable to han- 
dle the aqueous solubilities of these same compounds. The present 
approach (Eqs. 2 and 111, while giving satisfactory results for hex- 
ane, is not sensitive to changes in nonpolar solvents. This is be- 
cause it is mechanically impossible to obtain accurate interfacial 
tension of such solvents against pure hydrocarbon surfaces. 


Furthermore, since YIZ cannot be less than zero, it is not possible 
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method of Jackson and Hudson (11, 12). Titration over 5 hr 
showed that 2.1 moles of periodate was consumed and that 0.98 
mole of formic acid had been produced by the oxidation, indicating 
a ribofuranose ring structure. 
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Effect of Ethanol on Theophylline Absorption in Humans 


BENU KOYSOOKO, ELLIOT F. ELLIS, and GERHARD LEVY” 


Abstract This study was carried out to determine if ethanol, 
which enhances theophylline absorption from the rat small intes- 
tine, has a similar effect when administered orally to human 
subjects. Seven normal adults received 200 mg of theophylline/m* 
of body surface area, in 50 ml of either aqueous solution or hy- 
droalcoholic solution containing 20% ethanol. There was no signifi- 
cant difference in the average plasma concentrations of theophyl- 
line produced by these two solutions, but three subjects (all fe- 
male) experienced nausea after taking the aqueous solution while 
none became nauseous after taking theophylline in the hydroal- 
coholic solution. 


Keyphrases 0 Theophylline-effect of ethanol on absorption, hu- 
mans Ethanol-effect on absorption of theophylline, hu- 
mans 0 Absorption-theophylline, effect of ethanol, humans 


Theophylline is an effective bronchodilator used 
widely for the treatment of asthma. It is desirable to 
have oral dosage forms available from which this 
drug is rapidly absorbed so that acute attacks of 
asthma can be treated and relieved promptly at  
home. There have been claims that the absorption of 
theophylline is enhanced if administered in hydroal- 
coholic solution, but the evidence is conflicting (1-4). 


Recently, an initial concentration of 5% ethanol 
was found to increase significantly the absorption of 
theophylline from a ligated segment of small intes- 
tine of anesthetized rats, and a constant concentra- 
tion of 2% ethanol (and even lower concentrations in 
unpublished studies) increased appreciably the ab- 
sorption of theophylline from the perfused small in- 
testine of anesthetized rats (5 ) .  This absorption-en- 
hancing effect of ethanol was associated with an in- 
crease in the net flux of water from the intestinal 


lumen and may be due to solvent drag (5). The study 
described here was initiated to determine if the rate 
of absorption of theophylline can be increased in hu- 
mans by administering the drug in hydroalcoholic 
rather than in aqueous solution. 


EXPERIMENTAL 


Seven healthy volunteers (four females and three males), 24-33 
years old and capable by education and background (registered 
nurses and graduate students in pharmaceutics) to give informed 
consent, participated in the study. They were instructed to abstain 
from coffee, tea, chocolate, cola drinks, and alcoholic beverages for 
24 hr before and during the study and to take no dmgs (except oral 
contraceptives if these were used regularly) for 3 days before and 
during the study. 


Theophylline, 200 mg/m2 body surface area, dissolved either in 
50 ml of water or in 50 ml of hydroalcoholic solution containing 
20% (v/v) ethanol, was administered in the morning 1 hr after a 
light breakfast. The two preparations were given in crossover fash- 
ion, 1 week apart. Fifteen milliliters of blood was withdrawn 
through an indwelling venous catheter into a heparinized syringe 
immediately before drug administration, and 10-ml blood samples 
were obtained at  10,30,60,120, 240, 360, and 480 min thereafter. 
Plasma was separated and stored in a freezer pending assay. 


At  the end of the experiment, each subject was given a card with 
the questions: “Did you notice any pharmacologic effects during 
the day? If so, what and when?” There was no additional question- 
ing, elaboration, or discussion to prevent any biased suggestive in- 
fluences on the response to the question. 


Theophylline concentrations in plasma were determined by the 
spectrophotometric method of Schack and Waxler (6), modified 
for smaller sample volumes and greater sensitivity (7). Blank 
values and recovery of theophylline were determined for each 
subject by assaying the zero-time plasma as such and after adding 
theophylline to yield a concentration of 10 pg/ml. The blank values 
ranged from 1.48 to 3.47 pg apparent theophylline/ml, and the re- 
covery of added drug ranged from 85.1 to 97.7%. The analytical re- 
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Table I-Theophylline Concentration in Plasma of Healthy Adults after Oral Administration of an Aqueous Solution 
of Theophyllinea 


Minutes Body 
Age, Weight, Height, 


Subject Sex years  kg cm 10 30 60 120 240 360 480 


Theophylline Concentration, pg/ml 
1 F 24 49.5 160 3.59 11.91 11.80 13.35 10.05 7.43 4.83 
2 F 27 63.0 171 2.99 8.62 10.71 9.82 8.30 7.25 5.78 
3 F 33 63.0 162 6.75 14.88 13.64 11.78 9.37 8.07 6.75 
4 F 28 55.2 160 2.02 9.69 13.14 13.74 10.51 7.82 6.47 
5 M 27 71.4 169 6.96 9.95 11.41 11.16 9.37 8.07 7.65 
6 M 28 66.8 173 14.34 13.98 13.52 11.37 8.58 7.68 6.15 
7 M 29 75.0 188 14.08 13.46 12.70 10.94 8.13 6.15 5.02 
Mean 7.25 11.78 12.42 11.74 9.19 7.50 6.09 
SD 5.10 2.42 1.13 1.38 0.90 0.67 0.99 


a Two hundred milligrams of theophylline/ml of body surface area. 


sults were corrected for each individual according to these values. 
Ethanol concentrations in plasma were determined by the GC 
method of Cooper (8) with certain modifications (5). 


RESULTS 


The plasma theophylline concentrations after oral administra- 
tion of the drug in aqueous and hydroalcoholic solution are listed 
in Tables I and 11, respectively, 'and the average data are shown in 
Fig. 1. There was no statistically significant difference (by paired t 
test) between the theophylline concentrations produced by these 
two solutions at any time, but peak concentrations in four of the 
seven subjects appeared earlier with the aqueous solution. Theo- 
phylline concentration peaks in the other three subjects occurred 
at the same time with both solutions. 


The concentrations of ethanol in the plasma after administra- 
tion of theophylline in hydroalcoholic solution are listed in Table' 
111. Maximum concentrations were usually achieved at  30 min; the 
ethanol concentrations in plasma became negligible 2 hr after ad- 
ministration of the hydroalcoholic solution. The apparent biologi- 
cal half-life of theophylline, determined from the exponential por- 
tion of the individual plasma concentration curves, averaged 
slightly less than 7 hr (Table IV). Three of the seven subjects (all 
but one of the female subjects in the study) reported nausea after 
administration of the aqueous solution, while there were no reports 
of nausea after administration of the hydroalcoholic solution 
(Table V). 


DISCUSSION 


The minimum effective plasma concentration of theophylline is 
generally considered to be about 5 pglml, and the average thera- 
peutic concentration is about 10 pg/ml (9). The results of this 
study show that the minimum effective concentration could be 
achieved in most subjects within 10 min and maintained in the 
subjects for 480 min after administration of 200 mg theophylline/ 
m2 in either aqueous or hydroalcoholic solution. Therapeutically 


Table 11-Theophylline Concentration in  Plasma of 
Healthy Adults after Oral Administration of a 
Hydroalcoholic Solution of Theophylline" 


Minutes 
Sub- 
ject 10 30 60 120 240 360 480 


Theophylline Concentration in Plasma, pg/ml 
1 2.70 3.45 10.91 13.15 12.30 6.07 4.37 
2 5.13 8.88 11.33 11.72 9.89 7.86 7.00 
3 7.88 11.01 11.09 11.35 8.69 6.60 5.07 
4 5.73 8.69 10.51 11.11 9.88 7.79 6 .74  
5 8.10 11.12 12.15 11.70 8.94 7.99 7 .19  
6 9.26 8.51 13.23 10.41 8.54 7.55 6 . 2 2  
7 2.91 9.82 14.08 12.90 10.59 7.99 7.61 
Mean 5.96 8.78 11.90 11.76 9.83 7.41 6.31 
SD 2.58 2.58 1.32 0.97 1.32 0.76 1.19 


optimum concentrations occurred usually a t  60 min and only occa- 
sionally as early as 10 min after drug administration. 


Considering the desirability of achieving optimum plasma theo- 
phylline concentrations rapidly in case of an acute asthma attack, 
there is a rational basis for attempting to enhance the rate of theo- 
phylline absorption beyond that which can usually be achieved by 
oral administration of the drug in aqueous solution. While low con- 
centrations of ethanol were found to enhance theophylline absorp- 
tion in rats when a solution of the drug was introduced directly 
into the small intestine (5), a similar effect was not apparent upon 
oral administration to human subjects under the conditions of this 
study. It is possible that the absorption-enhancing effect of etha- 
nol on theophylline may have been dampened by the process of 
gastric emptying in this study. The amount of ethanol taken by the 
subjects may even have been sufficient to inhibit gastric emptying 
(10, 11) and thereby to decrease actually the rate of theophylline 
absorption. Use of smaller amounts of ethanol or of one of the 
other absorption-enhancing agents recently discovered in this lab- 
oratory' may be more rewarding. 


There have been reports (12, 13) of a feeling of mild inebriation 
in some subjects after oral administration of 75 ml of a hydroal- 
coholic solution of theophylline containing 20% ethanol. The re- 
sults of this study, using similar doses of ethanol, indicate that the, 
concentrations in plasma are well below those found to elicit a no- 
ticeable pharmacological effect (14, 15). Interestingly, none of the 
subjects complained of nausea after taking theophylline in hy- 
droalcoholic solution but three subjects, all women, reported nau- 
sea after taking theophylline in aqueous solution. Since the theo- 
phylline concentration in the plasma of these three subjects was 
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Figure 1-Mean plasma theoohylline concentrations in seven 
normal adult subjects after oral administration of 200 mg of 
theophyZline/m2 of body surface area in aqueous solution (0) 
and hydroalcoholic solution (0). The ethanol content of the 
latter was equivalent to 10 ml/m2 of body surface area and pro- 
duced the plasma concentrations represented by m and the 
dashed line. 


Two hundred milligrams of theophylliie/m' of body surface area. 
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Table 111-Ethanol Concentration in Plasma of Normal 
Adults after Oral Administration of a Hydroalcoholic 
Solution of Theophylline" 


Minutes 


Subject 10 30 60 120 


Ethanol Concentration in Plasma, pg/ml 
1 193 . O  204.2 165.9 -b 
2 8 2 . 2  132.8 21 .5  -b 
3 180.3 190.7 223 . O  -b 
4 
5 
6 


~~ 


7 3 . 3  204.3 172.1 53 . O  


229.5 221.3 143.2 38.7 
229.8 206.7 8 9 . 4  -b 


7 140.0 222.6 342 . O  6 9 . 2  
Mean 161.2 197.5 166.7 
SD 6 4 . 8  30 .6  102.3 


Ten milliliters of ethanol/m2 of body surface area. Less than 20 p g / m l .  


not unusually high and not higher than that of the other subjects 
in the study, the nausea probably was due to a local rather than 
central effect of the drug. The observations are a t  best suggestive, 
but they are in agreement with those of a previous investigation 
(2). J~rgensen and Mdler reported that two subjects who took 400 
mg theophylline in water suffered from severe abdominal colic and 
nausea while no such effects were noted in 16 patients when theo- 
phylline was administered in hydroalcoholic solution containing 
20% ethanol (2). 


The apparent biological half-life of theophylline found in this 
study ranged from about 4 to 9 hr and averaged slightly less than 7 
hr. These results are well within the range of previous studies on 
adult subjects but somewhat longer on the average than the mean 
values of 4.4 and 5.2 hr observed by Mitenko and Ogilvie (16) and 
Jenne et al. (17), respectively, after intravenous injection. It is 
possible that protracted absorption affected the biological half-life 


Table IV-Apparent Biological Half-Life of Theophylline 
in Normal Adults after Oral Administration of Aqueous 
and Hydroalcoholic Solutions 


Apparent Half-Life, hr 
Hydroalcoholic 


Subject Aqueous Solution Solution 


1 3 . 7 8  4 .19  
2 8 . 0 3  7 . 8 0  
3 
4 
5 
6 
7 
Mean 
SD 


7 . 0 6  
5 . 7 1  
8 . 5 6  
7 . 0 9  
5 . 3 0  


5 . 1 5  ~ 


7.23  
8 . 8 1  
8 . 3 1  
7 .43  


6 .50  6 . 9 8  
1 . 6 7  1 .69  


Table V-Incidence of Nausea after Administration of 
Theophylline in Aqueous and Hydroalcoholic Solutions 


Hydroalcoholic 
Subject Aqueous Solution Solution 


1 
2 
3 
4 
5 
6 
7 


estimates in this study and they have therefore been designated as 
apparent half-lives. 
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GLC Determination of Ibuprofen 
[d l -  2-(p- Isobutylphenyl)propionic Acid] 
Enantiomers in Biological Specimens 


GARRETT J. VANGIESSEN and DAVID G. KAISER 


Abstract To study the behavior of the d- and 1-isomers of ibu- 
profen in humans, a method for the determination of the individu- 
al enantiomers in plasma and urine was required. A specific proce- 
dure was developed based on (a) benzene extraction of the acidi- 
fied specimens, (b) TLC of the benzene extract residue, (c) forma- 
tion of the l-a-methylbenzylamides of the materials eluted from 
the chromatograms, and (d) quantification of the resulting dia- 
stereoisomeric amides by GLC in conjunction with flame-ionization 
detection. When using a 1-ml aliquot of the specimen, the method 
is sensitive to 1 pg of each enantiomer/ml of plasma or urine. As 
compared to simple aqueous solutions, the average recoveries of 
the enantiomers from plasma and urine ranged from 94 to 96%. 
Mass spectrometric analyses, in conjunction with GLC, confirmed 
the specificity of the method for the intact enantiomers. The pro- 
cedure was applied successfully to drug absorption studies in hu- 
mans. After oral administration of the racemic mixture, the pre- 
dominant enantiomer in peripheral circulation and excreted in 
urine was of the d-configuration. 


Keyphrases 0 Ibuprofen-GLC determination of enantiomers in 
biological specimens 0 GLC-determination, ibuprofen enantio- 
mers in biological Specimens 


Ibuprofen' [dl-2-(p-isobutylphenyl)propionic acid] 
(I) is reported (1 ,2)  to be one of the most potent oral- 
ly active anti-inflammatory, antipyretic, and analge- 
sic agents of a large number of substituted 2-phen- 
ylalkanoic acids based on a variety of tests in animals. 
The extensive toxicological and biochemical studies 
(3-5) in animals and humans (6) have been compre- 
hensively reviewed (7). 


Paper chromatographic (8) and GLC (5, 9) meth- 
ods have been used to study the absorption, metabo- 
lism, and excretion of 1 in animals and humans. None 
of these procedures separated the individual enan- 
tiomers of the intact drug from each other. After oral 
administration of I to humans, the major metabolites 
excreted in urine were found to be dextrorotatory (1, 
5). To study the behavior of the d- and 1-isomers of I 
in humans (lo), a specific GLC method for determin- 
ing the individual enantiomers of the intact drug in 
plasma and urine was developed. 


EXPERIMENTAL 


Reagents and Materials-The I used in this study was synthe- 
sized* and the d- and I-isomers were resolved. Tridecanoic acid3, 
l-a-methylben~ylamine~, and hydrocarbon-stabilized chloroform5 
were used as supplied. The stock solution of 1,l'-carbonyldiimida- 
zole4 (11) (65 mg/ml) in hydrocarbon-stabilized chloroform was 
prepared fresh daily. Stock solutions of I, the d-isomer of I (Il l) ,  
the I-isomer of I (IV), and n-tridecanoic acid (V) in ethanol (100 


Motrin, The Upjohn Co.; and Brufen, Boots Co., Ltd * Boots Drug Co., Nottingham, England. 
Applied Science Labs, State College, Pa. 
Aldrich Chemical Co., Milwaukee, Wis. 
Matheson, Coleman and Bell, Milwaukee, Wis. 


pg/ml) were stored in glass containers. All other solvents were ana- 
lytical reagent grade. Phenyl methyl silicone fluid (OV-17) on 60- 
80-mesh Gas Chrom Q3 and chromatography plates coated with a 
250-fim layer of silica gel F-2546 were used as supplied. 


Instrumentation-A two-speed reciprocating shaker7 was used 
for shaking the samples in a horizontal position. A mixer8 was used 
to aid in preparing the a-methylbenzylamide derivatives. GLC 
measurements were made with a gas chromatographg, equipped 
with a hydrogen flame-ionization detector and a -0.2-1.0-mv re- 
corder lo. All cylinders of gases used for chromatography (ie., heli- 
um, hydrogen, and oxygen) were fitted with filters coataining mo- 
lecular sieve 4A. 


TLC Conditions-All TLC was conducted on silica gel F-254; 
the plates were developed (ascending) in 10% (v/v) acetic acid in 
toluene. The separated materials were visualized by irradiation of 
the plates with a short wavelength (254 nm) UV lamp or by 
spraying with 0.05% (w/v) bromocresol green in isopropano16. 
Under these conditions, I, 111, IV, and V have similar Rf  values, 
i .e. ,  0.40-0.42. 


GLC Conditions-GLC was conducted on a U-shaped glass col- 
umn (1.5 m X 3 mm i.d.) of 3% (w/w) OV-17 on 60-80-mesh Gas 
Chrom Q. All newly prepared columns were preconditioned at 250' 
for 1 hr without carrier gas flow and for 16 hr with a carrier gas 
flow of 10 ml/min. During analysis, the column, injection port, and 
detector block were maintained isothermally a t  220,245, and 260°, 
respectively. Helium, hydrogen, and oxygen flow rates were 90,70, 
and 350 ml/min, respectively. Under these conditions, the La-  
methylbenzylamide derivatives of 111, IV, and V have retention 
times of 8.0,9.0, and 12.4 min, respectively (Figs. 1 and 2). 


Synthesis of Standard Materials-Place 200 mg of I11 in a 
200-ml round-bottom flask containing 25 ml of benzene. Slowly 
add 25 ml of thionyl chloride and reflux for 1 hr. Remove the sol- 
vent and excess reagent under reduced pressure (15 mm) a t  40°. 
Dissolve the residue in 25 ml of benzene and remove under re- 
duced pressure (15 mm) at 40'. Repeat the addition and removal 
of benzene. Dissolve the residue in 25 ml of chloroform and add 10 
ml of chloroform containing 1 ml of 1-a-methylbenzylamine. Stir 
for 30 min at  24'. Transfer the solution to a separator and extract 
successively with 10 ml of 1 N aqueous hydrochloric acid and two 
10-ml volumes of water. Transfer the chloroform layer to a fresh 
round-bottom flask and remove the sol&nt under reduced pres- 
sure. Recrystallize the residue from aqueous methanol. 


Synthesize standard materials for identification of the 1- a- 
methylbenzylamide derivatives of IV and V utilizing the same gen- 
eral reaction conditions as described for 111. Recrystallize the resi- 
dues from hexane. 


Assay Procedure-Preparation of Standards-Pipet aliquots 
of the I ethanol stock solution equivalent to 10, 20, 35, 50, and 65 
pg into glass-stoppered centrifuge tubes. Add an aliquot of the V 
stock solution equivalent to 50 pg and evaporate to  dryness with a 
gentle stream of nitrogen gas. Add 1 ml of control plasma or urine 
to each centrifuge tube and mix well with a mixer. Prepare an ap- 
propriate blank. Extract all standards in the same manner as de- 
scribed later for the plasma or urine samples. 


Preparation of Samples-Pipet 0.5 ml of the V stock solution 
(100 pg/ml) into a series of 15-ml glass-stoppered centrifuge tubes 
and evaporate to dryness with a gentle stream of nitrogen. Place 1 
ml of plasma or urine in each tube. Add 0.25 ml of 1 N aqueous hy- 


Brinkmann Instruments, Westbury, N.Y. 
Eberbach & Sons, Ann Arbor, Mich. 


a Scientific Industries, Queen's Villa e N Y 
F & M model 400, Hewlett-Packarj 60.; Avondale, Pa 


lo Honeywell Electronik 15. 
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Figure l 4 a s - l i q u i d  chromatograms of human plasma 
extracts. Left: normal plasma specimen. Right: plasma speci- 
men from subject a t  1 hr after single-dose oral administration 
of 800 mg of ibuprofen. Key: A, d-enantiomer; B, 1-enantiomer; 
and C, n-tridecanoic acid internal standard. 
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drochloric acid and 5 ml of benzene and shake in a horizontal posi- 
tion for 10 min. Centrifuge for 10 min at  2000 rpm. Transfer a 4-ml 
aliquot of the benzene layer to a fresh glass-stoppered centrifuge 
tube and evaporate to dryness with a gentle stream of nitrogen. 
Wash down the walls of the centrifuge tube with 0.5 ml of chloro- 
form and evaporate to dryness with nitrogen. 


Reconstitute the benzene extract residues from the standards 
and samples in 50 p1 of chloroform and spot on the silica gel F-254 
plates. Ascendingly develop each plate for a distance of 165 mm, 
air dry all chromatograms at room temperature (24'), and visual- 
ize the zones by irradiation with a 254-mm lamp. Scrape the zones 
corresponding to I and V into glass-stoppered centrifuge tubes. 
Add 1 ml of 1 N aqueous sodium hydroxide and mix thoroughly. 
Add 1 ml of 2 N aqueous hydrochloric acid and 5 ml of benzene 
and shake for 10 min in a horizontal position. Then centrifuge for 
10 min at 2000 rpm. Transfer 3 ml of the benzene layer to a fresh 
glass-stoppered centrifuge tube and evaporate to dryness with ni- 
trogen. 


Add 0.1 ml of I1 reagent to each benzene extract residue. Rotate 
each tube to permit the reagent to contact the lower 2.5 cm of the 
centrifuge tube wall; allow the reagent to react for 5 min. Then add 
10 111 of acetic acid and mix. Add 50 pl of I-a-methylbenzylamine, 
mix well, and allow the solution to react for 20 min. Inject a 1-5-pl 
aliquot for analysis into the chromatograph. 


Calculations-The peak heights for the I-a-methylbenzylam- 
ide derivatives of 111, IV, and V are measured. Peak height ratios 
are obtained by dividing the peak height of the I11 and IV amides 
by the peak height of the internal standard amide. Calibration 
curves from known concentrations of I11 and IV in plasma or urine 
are prepared by plotting peak height ratios uersus free acid con- 
centration, expressed as micrograms per milliliter of plasma or 
urine. Values for unknown concentrations of I11 and IV in plasma 
or urine specimens, obtained in the same manner, are then read di- 
rectly from the graphs or calculated from the slopes of the stan- 
dard curves. 


Drug Administration to Humans-Informed written consent 
was obtained from each of three normal human male volunteers 
prior to participation in this study. All subjects were between 26 
and 48 years; they ranged in body weight from 63.6 to 72.7 kg and 
in height from 1.62 to 1.81 m. All subjects were fasted for 16 hr 
prior to drug administration. Each then received an 800-mg dose 
of I as sugar-coated compressed tablets, and food was withheld for 
an additional 4 hr. 


Blood specimens (10 ml) were withdrawn in heparinized sy- 
ringes at 0, 1, 2, 4, and 8 hr after drug administration. The plasma 
was harvested and stored at -18'. Total urine specimens were col- 
lected for 12 hr prior to drug ingestion and a t  predetermined time 
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Figure B&as-liquid chromatograms of human urine ex- 
tracts. Left: normal urine specimen. Right: urine specimen 
from subject during 0-4-hr time interval after single-dose oml 
administration of 800 mg of ibuprofen. Key: A, d-enantiomer; 
B, 1-enantiomer; a n d  C, n-tridecanoic acid internal standard. 


intervals from 0 to 24 hr after drug administration. All specimens 
were stored at  -18' until assay. 


RESULTS AND DISCUSSION 


Synthesis and Identification of I-a-Methylbenzylamide De- 
rivatives of Ibuprofen Enantiomers and Internal Standard- 
Earlier investigations (9) showed that I1 was a useful reagent for 
the facile esterification of I in extracts of human plasma. The im- 
idazolide intermediate of I formed very rapidly (I1 rnin) and was 
highly reactive. A series of samples containing known amounts of 
111, IV, and V was prepared to determine the optimal reaction 
times for imidazolide formation and for amide formation from the 
imidazolides and l-a-methylbenzylamine. In studies with I11 and 
IV, known amounts of the 1-a-methylbenzylamide derivative of V 
were added as the internal standard. Similarly, in studies with V, 
known amounts of the I-a-methylbenzylamide derivatives of I11 
and IV were added as the internal standard. 


The results indicated that imidazolide formation from 111, IV, 
and V was complete within 1 min. Amide formation from the im- 
idazolides of 111 and IV was complete within 20 min, while amide 
formation from the V intermediate was complete almost instanta- 
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Figure 3-Effect of reaction time (1-a-methylbenzylamine) 
on formation of amide derivatives of ibuprofen enantiomem 
and n-tridecanoic acid (reaction time of 1,1'-carbonyldi- 
imidazole in  chloroform = 5 min). Key: 0, d-emntiomer; A, 
I-enantiomer; and 0, n-tridecanoic acid. 
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Table I-Structural Formulas and Physical Properties of 1-a-Methylbenzylamide Derivatives of 
Ibuprofen Enantiomers and n-Tridecanoic Acid 


GLC 


Structure" 


Mol. Wt. Analysis, % Retention 
Empirical Melting Time, 
Formula Calc. Foundb Calc. Found Point mine 


CH, CziHriNO 309.43 309 C 81.51 81.45 109-110" 8.0 
CH,, H 8.79 8.70 


HC--I.H,+I.-/' N 4.52 4.39 
/ I I  


CH , H NH 
d. H--C-CH, 


b 
CHJ C21H27NO 309.43 309 C 81.51 81.48 96-97" 9.0 


H 8.79 9.03 
>C-CH?*h-C / I I  N 4.52 4.46 


CH, 


CH, H NH 
1- I 


H-C-CH, 
I 


Cz1Ha5NO 317.49 317 C 79.43 79.79 72-73' 12.4 
H1l.ll 11.42 
N 4.41 4.35 


I 
HC-CH, 


I 


d -  and 2- refer to the optical rotalion of the free acids used as starting materials. Molecular weight of parent ion as determined by GLC in conjunction with 
maas spectrometry. GLC conditions as described in Experimental section. 


neously (Fig. 3). Reaction times of 5 min for imidazolide formation 
and of 20 min for amide formation were selected for convenience. 
Ancillary studies showed that a t  least 50 p l  of l-a-methylbenzyla- 
mine was necessary to form the amides of 111 and IV quantitatively 
in the concentration range of 0-50 pg/ml of human plasma or urine 
(Fig. 4). 


Synthesis of standard materials indicated that the l-a-methyl- 
benzylamides of 11, IV, and V were white crystals a t  room tempera- 
ture (Table I). GLC, using a solid sample injector, indicated that 
the materials submitted for elemental analyses were greater than 
99% pure. IR and mass spectrometric analyses, before and after 
GLC, supported the proposed structures and confirmed that the 
amides chromatographed as the intact molecules. 


Identification of N,N'-Di-I-a-methylbenzylurea-During 
assay development, a major peak (RT 10.1 min) unrelated to the 
individual enantiomers or internal standard was observed in the 
gas-liquid chromatograms from samples prepared with I1 and 1- 
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Figure 4-Relationship between amount of I-a-methylbenzyl- 
amine added and formation of amide derivatives of ibuprofen 
enantiomers (reaction time of 1 ,I '-carbonyldiimidazole in  
chloroform = 7 min; reaction time of I-a-methylbenzylamine = 
20 min) .  Key :  0, d-enantiomer; and A, I-enantiomer. 


a-methylbenzylamine. Mass spectrometric analysis of the materi- 
al(s) in the chromatographic peak suggested that the major com- 
ponent was the symmetrically disubstituted a-methylbenzyl deriv- 
ative of urea. GLC and mass spectrometric analyses of N,N'-di-I- 
a-methylbenzylurea, synthesized directly from I1 and ba-methyl- 
benzylamine (11). showed that it was identical to the material 
found in the major peak. As described in the assay procedure, ace- 
tic acid (10 pl) was added to react with the excess 11. Under these 
reaction conditions, little or no material responding in the assay as 
N,N'- di-1-a-methylbenzylurea was observed. 


Selection of Internal Standard-Pilot studies, using 2-(p-iso- 
butylpheny1)acetic acid as an internal standard, showed that the 
I-a-methylbenzylamide derivative had a retention time of about 
9.5 min as compared to 8.0 and 9.0 min for the l-a-methylbenzyla- 
mide of 111 and IV, respectively. As shown in Figs, 1 and 2, benzene 
extracts of plasma and urine specimens from normal human 
subjects contained interfering materials with approximately the 
same retention time (RT 10.0 min) as the La-methylbenzylamide 
derivative of 2-(p-isobutylphenyl)acetic acid. Based upon (a) ex- 
traction efficiency into benzene, (b) mobility in the TLC solvent 
system, (c) formation of an I-a-methylbenzylamide derivative, and 
(d) GLC separation from 111, IV, and endogenous materials pres- 
ent in extracts of plasma and urine, V was subsequently selected to 
replace the 2-@-isobutylphenyl)acetic acid as the internal 
standard. 


TLC of Plasma and Urine Extracts-Pilot studies were con- 
ducted with various TLC solvent systems to separate endogenous 
materials extracted from human plasma and urine that had rela- 
tively long GLC retention times (i.e., 34 and 36 min, respectively). 
A solvent system composed of 10% (v/v) acetic acid in toluene sep- 
arated the endogenous materials from I, 111, IV, and V. The total 
time required for GLC of each plasma or urine sample was reduced 
from 40 to 16 min. 


Assay Sensitivity and Specificity-At a sensitivity of 1.6 X 
amp/mv, 0.87 pg of 111 and 0.95 pg of IV as the l-a-methyl- 


benzylamides produced full-scale responses. However, under the 
assay conditions described, the lower limit of detection sensitivity 
for 111 and IV in extracts of human plasma or urine is 1.0 pg/ml of 
the original sample aliquot. This value is based on a sample signal 
equivalent to 2% of full-scale response. Under the assay conditions 
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Figure 5-Average ( +SD) plasma concentrations of ibupro- 
fen enantiomers versus time in humans (n = 3) after single- 
dose oral  administration of 800 mg of drug. Key: 0, d-enantio- 
mer; a n d  A, 1-enuntiomer. Bars indicate standard deviations. 


described, a linear relationship between detector response and 
concentration is obtained for 111 and IV over the range of 0-80 
jtg/ml. Quantification from a standard curve has been adequate. 
Analysis of plasma and urine specimens from drug-treated human 
subjects, using GLC in conjunction with mass spectrometry, has 
shown that the material responding to  the assay is identical to 
known 111- and IV-1-a-methylbenzylamide derivatives. 


Recovery Experiments-Known amounts of 111, IV, and V in 
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Figure 6-Cumulative ur inary excretion of ibuprofen enan- 
tiomers in humans after single-dose oral administration of 800 
mg of drug (open symbols = d-enantiomer; closed symbols = 
1-enuntiomer). Key: 0,e, Subject WW; A+, Subject PK; 
a n d  u,., Subject RT. 


ethanol were evaporated to dryness in centrifuge tubes; then 
water, plasma, or urine was added. The samples were thoroughly 
mixed and extracted with benzene. All extract residues were chro- 
matographed on silica gel F-254, derivatized, and analyzed uia 
GLC. The results indicated that, in the 5-35-jtg/ml concentration 
range, recoveries of I11 and IV from plasma (94.7 f 9.3 and 95.8 f 
11.1%, respectively) and urine (96.3 f 2.7 and 93.8 f 4.4%, respec- 
tively) were essentially quantitative as compared to simple aque- 
ous samples. 


Plasma and Urine Levels of Ibuprofen Enantiomers in Hu- 
mans-Results from the measurement of plasma I11 and IV con- 
centrations in three normal human subjects, after single-dose oral 
administration of 800 mg of I, demonstrated the utility of the ana- 
lytical methodology (Fig. 5). Peak mean (&D) levels of I11 (25.9 f 
19.6 pg/ml) and IV (22.6 f 17.9 jtg/ml) were observed a t  1 hr after 
drug administration, indicating rapid drug absorption. As estimat- 
ed graphically from the average plasma drug concentrations, the 
plasma drug disappearance half-lives for I11 and IV were 3.34 and 
2.01 hr, respectively. The concentration ratio of I11 to IV increased 
progressively with time (from 1.17 at 1 hr to 2.65 at  8 hr), suggest- 
ing a stereospecific metabolism, excretion, or isomeric inversion. 


Results from the measurement of I11 and IV in urine (Fig. 6) 
showed that I11 was the predominant isomer of the intact drug ex- 
creted. During the 0-24-hr time interval after drug administration, 
the concentration ratio of I11 to IV increased from 5.6 to greater 
than 9.0. The combined results from these investigations showed 
that the GLC method could be used for evaluating the pharmaco- 
kinetics and stereospecificity of metabolism, excretion, or isomeric 
inversion for the individual enantiomers of ibuprofen in humans. 
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Bioavailability of Aspirin from 
Commercial Suppositories 


MILO GIBALDI and BARBARA GRUNDHOFER 


Abstract A comparison of the bioavailability of salicylate from 
five brands of commercially available aspirin rectal suppositories 
in an adult panel is presented. All brands show slow absorption 
compared to oral administration of the drug in tablet form. A t  
best, about 40% of the dose (on the average) was absorbed when re- 
tention time in the bowel was limited to 2 hr. However, four out of 
the five brands gave substantially lower absorption rates so that 
only about 20% of the aspirin is available. 


Keyphrases Aspirin-bioavailability from commercial supposi- 
tories, humans Suppositories-bioavailability of aspirin, hu- 
mans Bioavailability-aspirin from commercially available sup- 
positories, humans 


Salicylate absorption after rectal administration of 
an aspirin suppository' to eight children and four 
adults was recently studied (1). The absorption of the 
drug from the suppository was exceedingly slow, 
about an order of magnitude slower than that ob- 
served after oral administration of conventional tab- 
lets. Accordingly, the amount of drug absorbed was 
highly dependent on the time between insertion and 
the first defecation (retention time). Retention times 
as long as 4-5 hr resulted in absorption of only about 
60% of the dose. 


Several other brands of aspirin suppositories were 
available locally in community pharmacies and still 
another brand was used exclusively in a local hospi- 
tal. Given the relatively poor bioavailability charac- 
teristics of suppository Product L, it was of interest 
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Figure I-Excretion rate of total salicylate versus time pro- 
files after rectal administration and prolonged retention of var- 
ious brands of 10-grain aspirin suppositories. 


A.S.A. suppositories, Lilly (USP) (coded L). 
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Figure 2-Excretion rate of total salicylate versus time pro- 
files after rectal administration of various brands of 10-grain 
aspirin suppositories. 


to study salicylate absorption from other brands of 
aspirin suppositories. Accordingly, five products were 
compared in adult subjects. The bioavailability char- 
acteristics of the four other brands of aspirin suppos- 
itory were substantially poorer than that observed 
with Product L. 


EXPERIMENTAL 


The various aspirin suppositories were either purchased from 
local pharmacies or obtained from the pharmacy of a local hospi- 
tal. The products were coded2 A, L, Pp, Pr, and V. Each product 
claimed to contain 10 grains (600-650 mg) of aspirin. Two supposi- 
tories of each brand were assayed in duplicate for total salicylate. 
Expressed in terms of label claim, they were found to contain 103 
and 105% (A), 108 and 105% (L), 106 and 86% (Pp), 117 and 115% 
(Pr), and 110 and 118% (V). 


The adult panel consisted of four male volunteers, 24-35 years 
of age, three of whom received all five products. Each subject was 
instructed to insert a suppository shortly after arising in the morn- 
ing and then either to evacuate his bowel as thoroughly as possible 
exactly 2 hr after insertion or to retain the suppository as long as 
possible. In the latter situation, retention times varied from 11 to 
>24 hr. In all cases, at least 1 week elapsed between studies. 


Immediately prior to drug administration, the subjects voided 
their bladders and a specimen was obtained to serve as a blank. 
Urine was collected at appropriate intervals for 28-32 hr. The vol- 
ume of each urine collection was determined and a sample was re- 
tained for drug analysis. Urine samples were hydrolyzed with an 
equal volume of concentrated hydrochloric acid in sealed ampuls 
overnight at looo. The samples were then analyzed for total salicy- 
late according to a modification of Brodie et al. ( 2 )  using carbon 
tetrachloride. Absorbance of the resulting ferric-salicylate com- 
plex was determined at  530 nm on a spectrophotometel.3 and cor- 
rected for blank values on an individual basis. Concentrations were 
determined from a previously constructed standard curve. 


A = APC suppositories (NDC-84-808-12, No. 808B), American Pharma- 
ceutical Co., Bronx, N.Y.; L = Lilly A.S.A. suppositories (USP) (NDC-2- 
S16-16, Control 7HL14A), Lilly, Indianapolis, Ind.; Pp = Purepac aspirin 
suppositories (NDC-228-1028-12), Purepac Pharmaceutical Co., Elizabeth, 
N.J.; Pr = Premo aspirin suppositories (B11747), Premo Pharmaceutical 
Laboratories, Inc., South Hackensack, N.J.; V = Vitarine aspirin supposito- 
ries (127309), The Vitarine Co., Inc., New York, N.Y. 


Hitachi Perkin-Elmer model 139. 
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Table I-Initial Excretion Rates" (Mil l igram per Hour) of Salicylate after Rectal Administration of 
10-Grain Aspirin Suppositories t o  Adult Subjects 


Product 


0 . 5  6 . 4  f 0 . 9  2 . 2  f 0 . 4  1.4 f 0 . 8  1 . 5  f 1.3 3 . 2  f 1 . 4  
6 . 1  f 2 . 8  5 . 6  f 2 . 3  8 . 2  f 2 . 9  1 . 0  16.2 f 3.7 5 . 6  f 2.5 


1 . 5  25.6 f 7.0 8 .9  f 4 . 9  10.9 f 4 . 9  9 . 7  f 3 . 9  13.2 =k 4 . 5  


a Mean f 1 SD. * Parenthetical values denote the number of subjects. 


RESULTS AND DISCUSSION 


Bioavailability is defined as the rate and extent of absorption of 
a drug from a dosage form. In the case of relatively low doses of as- 
pirin (as used in the present study), it is well known that initial 
urinary excretion rates of total salicylate reflect the relative ab- 
sorption rate of the drug and that the cumulative amount of total 
salicylate ultimately excreted in the urine serves as a quantitative 
index of the extent of absorption. 


Table I shows the average initial excretion rates of total salicy- 
late after rectal administration of the various products. The excre- 
tion rates a t  0.5,1.0, and 1.5 hr after insertion of Product L were at  
least two to  three times greater than those observed with any other 
product. This difference is further illustrated in Fig. 1, where the 
urinary excretion rates of total salicylate are plotted as a function 
of time after administration of Products L, A, and V. The time of 
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Figure 3-Excretion rate of total salicylate versus time pro- 
files after rectal administration of various brands of 10-grain 
aspirin suppositories. 
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figure 4-Excretion rate of total salicylate versus time pro- 
files after rectal administration of various brands of 10-grain 
aspirin suppositories. 


occurrence of maximum excretion rate was considerably less after 
Product L than that found after Products A and V. Moreover, the 
greatest peak excretion rate was observed after administration of 
L. Clearly, the absorption rate of aspirin must be considerably 
greater after rectal administration of Product L than after admin- 
istration of the other suppositories studied. This finding is indeed 
remarkable when one considers how slowly aspirin is absorbed 
from Product L (1). 


When drug products intended for rectal administration manifest 
such prolonged absorption patterns, the extent of absorption is ob- 
viously dependent on retention time. As shown in Table 11, even 
after administration of the product from which aspirin is most rap- 
idly absorbed (L), only about 40% of the dose was absorbed when 
the retention time was limited to  2 hr. During a similar 2-hr peri- 
od, only about half that amount of aspirin was available, on the av- 
erage, from Products A, Pp, Pr, and V, which released the drug 
still more slowly. 


Differences between products with respect to the amount of as- 
pirin absorbed in individual subjects are readily apparent in Figs. 
2-4 when the total area under the excretion rate versus time plot is 
considered. In all three subjects, the cumulative amount of total 
salicylate ultimately excreted after a 2-hr retention of an aspirin 
suppository was consistently greater after administration of Prod- 
uct L. No consistent differences were obvious among the other four 
products. 


The present results are readily extrapolated to permit one to 
conclude that the shorter the retention time the greater will be the 
difference between Product L and the other products tested with 
respect to the amount of drug absorbed, but in all cases the 
amount will be decreased. On the other hand, as shown previously 
(1) in studies with L, the greater the retention time the greater is 
the availability of aspirin. It follows that longer retention times 
tend to diminish differences among products with respect to the 
extent of drug absorption and that ultimately such differences dis- 
appear (Table 11). When the aspirin suppository was retained for 
periods exceeding 10 hr, in most cases absorption of the drug was 
nearly complete and no differences among products were appar- 
ent. 


Despite the substantial differences in bioavailability character- 
istics found to exist among various commercially available aspirin 
suppositories, the rate of absorption of aspirin from all products 
studied was sufficiently slow to raise considerable doubt as to 
whether efficacious body levels of aspirin or salicylate are attained 
after a single dose. The exceedingly slow absorption also suggests 
the possibility of a significantly reduced extent of absorption of 
the administered dose if the patient defecates even several hours 
after insertion of the suppository. It is anticipated that this prob- 


Table 11-Urinary Recovery of Salicylate after 
Rectal Administration of 10-Grain Aspirin 
Suppositories t o  Adult Subjects 


~~ ~ 


Retention Time 
Product 2hr >10 hr 


L ~ 


A 
Pr 
P P  
V 


38 f 8" (4)b 
17 f 6 13) 74.84 


81 =I= 11 (4) 


20 f id(>) 9 3 ' f  5 (3) 
88 f 2 (3) 
80 =I= 9 (3) 


16 f 4 (3) 
22 f 6 (3) 


Mean =t SD, expreased as percent of dose. b Parenthetical value8 de- 
note the number of subjects. 
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lem would be most pronounced with Producta A, Pp, Pr, and V. 
The slow absorption coupled with the inability to control the actu- 
al amount of drug available to a given patient raises serious ques- 
tions as to the usefulness of the presently available aspirin suppos- 
itory dosage forms for aspirin or salicylate therapy. 
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Central versus Peripheral Anticholinergic 
Activity as Assessed by Two I n  Vivo 
Procedures in Mice 


JEFFREY B. MALICK and ALLEN BARNETT 


Abstract The activity of tertiary and quaternary anticholinergic 
drugs was compared in two different test procedures designed to 
measure cholinolytic activity in mice. The four drugs utilized were 
atropine sulfate, atropine methylnitrate, scopolamine hydrobro- 
mide, and scopolamine methylnitrate. The results led to the con- 
clusion that one of these test procedures, the induction of mydri- 
asis (increase in pupil size), primarily measures peripheral anti- 
cholinergic activity whereas the other procedure, inhibition of phy- 
sostigmine lethality, primarily measures anticholinergic activity in 
the CNS. These two test procedures can be utilized to characterize 
the nature of the cholinolytic properties of prospective therapeutic 
drug candidates. 


Keyphrases Anticholinergic activity-determination of central 
uersus peripheral cholinolytic activity, tertiary and quaternary de- 
rivatives of atropine and scopolamine, mice 0 Mydriasis induction 
as measure of peripheral anticholinergic activity-tertiary and 
quaternary derivatives of atropine and scopolamine, compared to 
physostigmine-induced lethality inhibition (central activity), 
mice Physostigmine-induced lethality inhibition as measure of 
central anticholinergic activity-tertiary and quaternary deriva- 
tives of atropine and scopolamine, compared to mydriasis induc- 
tion (peripheral activity), mice 0 Atropine and scopolamine, terti- 
ary and quaternary derivatives-central versus peripheral cholino- 
lytic activity, mice Scopolamine and atropine, tertiary and qua- 
ternary derivatives-central versus peripheral cholinolytic activi- 
ty, mice 


The measurement of anticholinergic activity is im- 
portant in the evaluation of drug candidates for hu- 
mans. Peripheral anticholinergic liability is consid- 
ered to be an undesirable side effect of many thera- 
peutic agents, particularly with regard to antidepres- 
sants (1) and antihistamines (2). Central [ie., within 
the central nervous system (CNS)] anticholinergic 
activity may not be as troublesome (except at toxic 
doses) and, in fact, may even be desirable under cer- 
tain circumstances. Central anticholinergic drugs 
(e.g., scopolamine) produce sedation in humans, and 
amitriptyline, a potent central anticholinergic and 
sedative drug, may be the antidepressant of choice in 
cases of agitated depression, a condition in which 
sedative effects have utility (3). 


In the present studies, two test procedures in mice 
were evaluated for their ability to detect central uer- 
sus peripheral anticholinergic activity. To evaluate 
these procedures, tertiary and quaternary forms of 
atropine and scopolamine were utilized. The tertiary 
forms readily cross the blood-brain barrier whereas 
the quaternary forms are retarded by the blood- 
brain barrier and, consequently, are concentrated to 
a much lesser extent in the CNS than they are in the 
periphery following parenteral administration. Thus, 
by comparing the relative potency of these agents in 
the two procedures, the induction of mydriasis and 
the antagonism of physostigmine-induced lethality, 
the extent that each can predict central or peripheral 
anticholinergic activity was determined. 


EXPERIMENTAL 


Male CF No. 1-S mice, 18-22 g, were used. All drug doses were 
calculated in terms of milligrams per kilogram of free base, and all 
drugs were dissolved in distilled water. The volume of injection 
was 10 ml/kg for both the intraperitoneal and subcutaneous routes 
of administration. The drugs used were atropine sulfate, atropine 
methylnitrate, scopolamine hydrobromide, and scopolamine 
methylnitrate. 


Induction of Mydriasis (Increased Pupil Size) in Mice- 
Mice were administered test drugs and were tested for mydriatic 
activity 30 min later. These studies were performed under double- 
blind conditions such that the investigator did not know what 
drugs or doses were being tested. Normal pupil size was scored as 0 
and increases in pupil size were scored as 1,2, and 3 (slight, moder- 
ate, and maximal increases in size, respectively). A score of 2 was 
approximately 50% of maximal pupil size, which was a modifica- 
tion of the scoring system of Janssen and Niemegeers (4). 


Any mouse exhibiting a pupil size of 2 or greater was considered 
to be significantly affected. Mean pupil sizes for each group were 
also calculated. The dose intervals for each test drug were kept 
constant (0.5 loglo units). The MEDso (minimal effective dose) for 
producing a significant increase in mydriasis in 50% or more of the 
mice tested was determined for each test drug. The EDSO’S could 
not be calculated since there were very small intervals between 
doses a t  which no animals exhibited significant effects and doses 
producing effects in 100% of the mice. 


Inhibition of Physostigmine-Induced Lethality in Mice- 
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ces regarding the interactions of polypeptides and nucleic acids. 
The coplanar interaction of lysine side chains and adenine rings 
suggests that exposed adenine rings in adenine-thymine-rich re- 
gions of nucleic acids may serve as important binding sites for re- 
gions of polypeptide chains having amino acid residues of appro- 
priate structure. 


Finally, these studies have important implications for the syn- 
thesis of drugs intended to interact with specific regions of nucleic 
acids. Such drugs should be designed to take advantage of the 
specificity that can be achieved by cooperative self-association 
once initial attachment is made to  the nucleic acid. 
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Drug-Biomolecule Interactions: 
Mechanisms and Kinetics of Interactions of 
Biomolecules at Interfaces 


FEDERICO A. VILALLONGA 


Abstract At the air-water interface, the area occupied by the 
molecules of each component of mixed monomolecular layers of 
cholesterol with hexadecyl alcohol, hexadecylic acid, or hexadec- 
ylamine was independent of the presence of the other component. 
The values of the free energy of mixing of these lipids were within 
the range of the entropic factor of the free energy even a t  high sur- 
face pressures. Mixed monolayers of cholesterol and bovine serum 
albumin showed a similar independence of the area per molecule 
and of the free energy of mixing values when the concentration of 
the protein was expressed in terms of amino acid residues per mol- 
ecule of protein forming the mixed monolayer. Higher values of 
the free energy of mixing were obtained for mixed monolayers of 
cholesterol with dipalmitoyl lecithin and dipalmitoyl phosphatid- 
ylethanolamine than were expected from an entropic factor. The 


interaction between monomolecular layers of lipidic biomolecules 
with bulk subphase components, the energy of activation, interac- 
tion kinetics, and effects of added electrolytes were also studied. 
The implications of these data to a mechanism of action are dis- 
cussed. 


Keyphrases 0 Phospholipid monolayer interactions-mecha- 
nisms and kinetics at  interfaces 0 Interfaces-mechanisms and ki- 
netics of interactions, surface pressure and surface potential 


Monolayers, phospholipid-mechanisms and kinetics of interac- 
tions of biomolecules of interfaces 0 Drug-biomolecule interac- 
tions-mechanisms and kinetics of interactions of biomolecules a t  
interfaces Interactions-drugs with biomolecules, symposium 


Drug molecules incorporated into body fluids are 
distributed and directed to receptors located in tissue 
cells. If the receptors form part of the cell membrane, 
as seems to be the case for some local anesthetics (1) 


and bactericides (2), the interaction with the receptor 
alters the permeability of the cell membrane and 
thus completely defines the pharmacological activity 
of the drug. If the receptors are located in subcellular 
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Figure 1-Speculative diagrammatic representation of the changes of micellar form and the reversible transformation from the 
open to the closed configuration of biomembrane. Dashed lines represent the limits of the membrane; dotted lines represent the oriented 
layer of water. 


organelles, as seems to be the case for many antibiot- 
ics (2), the drug molecule must penetrate through the 
cell membrane to find its way to the receptor. 


It follows then that, in all cases, the first stage in 
the exercise of the pharmacological action of a drug 
must be the interaction of the drug molecule with the 
cell membrane components. 


DISCUSSION 


It is not possible here to discuss the many different models of 
membrane structure that have been proposed since the Danielli- 


Dawson model (3). The reader is referred to Ref. 4 for this pur- 
pose. Biological membranes are composed mainly of lipids and 
proteins and maintain their integrity because of the interactions 
between their components. Figure la  represents a speculation that 
brings together the “open-closed” hypothesis (5) with the exis- 
tence of lipid bilayers between repeating “integral protein” units 
(6). 


Changes in the local charge distribution in the thin crust of 
water that is oriented at the membrane interface provoke revers- 
ible variations of the micellar forms. In turn, they produce the re- 
versible transformation of an “open” state to a “closed” state of 
biomembranes (5). Drug molecules approaching the cell interface 
can produce these changes. 


The study of the interactions in the plane of the interface be- 
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S u r f a c e  pressure 
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a r e a  


Figure 2-Schematic representation of the surface pressure, surface potential, and  apparent surface dipole moment. 


tween biomolecules of the type found in biomembranes (Fig. l b )  
may yield useful information on the orgin and strength of the forc- 
es involved in the maintenance of the integrity of biomembranes. 


The study of the interaction between monomolecular layers of 
biomolecules similar to those that form the cell membranes with 
molecules that approach from the bulk subphase (Fig. l c )  can fur- 
ther the understanding of the role of specific components of bio- 
membranes in the interaction and of how the approaching mole- 
cule can affect the microstates of biomembranes. 


To define the state of the molecules forming a monomolecular 
layer (71, three primary parameters are used: (a) the area per mol- 
ecule, (b) the surface pressure, and (c) the surface potential. The 
area per molecule is simply obtained by dividing the total surface 
area of the interface by the number of molecules forming the 
monomolecular layer. 


The surface pressure, r (Fig. 2), a force acting in a plane parallel 
to the interface, is defined as the difference between the surface 
tension of the “clean” air-water interface and the surface tension 
of the water covered with the monomolecular layer. The surface 
potential, AV, which corresponds to the summation of the contri- 
butions of each molecule to the interfacial potential of the mono- 
molecular layer, is defined by the difference between the interfa- 
cial potential of the monomolecular layer and the interfacial po- 
tential of the clean air-water interface. The apparent surface di- 
pole moment per molecule, p, which is the contribution of each 
molecule to the interfacial potential of the monomolecular layer, is 
defined as proportional to the ratio of the surface potential to the 
number of molecules per unit area of the monomolecular layer. 


Interactions between Biomolecules in Plane of Interface- 
Pure, single lipids and proteins, when spread at  an interface, form 
monomolecular layers which can be studied and characterized by 
the measurement of their surface parameters. Binary mixtures of 
these substances spread at the air-water interface may show 
values of their surface parameters that adhere to or depart from 
those expected from the addition of the values corresponding to 
each single, isolated component. Analysis of the experimental data 
obtained can give information about interactions between the 
components. 


Figure 3 represents the plot of the mean area per molecule, A,b, 
obtained by dividing the total surface area by the total number of 
molecules that form the monolayer (Component a + Component 
b )  against the molar fraction of the binary mixed monolayer (No or 
Nb) (8) .  The broken line (Fig. 3, line I) is obtained with the experi- 
mental points when either nonmixing or ideal mixing of the com- 
ponents occurs. In both cases the area occupied by each molecule 
of Components a and b is identical to the area that these mole- 
cules occupy when they are in a single, pure monomolecular layer 
of each component. The additivity rule is obeyed and for any com- 
position of the mixed monolayer the mean surface area per mole- 
cule is given by: 


%b = NmAu + NbAh (Eq. 1) 


in which A,b is the mean area per molecule in the binary mixed 
monomolecular layer; and N,, Nb, A,, and f i b  are the molar frac- 
tions of Components a and b and the area per molecule of each of 
these components, respectively, when they are in a single, pure 
monolayer a t  the same conditions of surface pressure and tempera- 
ture. 


The enthalpy of mixing for an ideal mixing process, Md, is 
equal to zero and from Eq. 2: 


(Eq. 2)  AGM1 = AHMI - TAS,’  


it follows that: 


AG,\,‘ = - T A S  M ’ (Eq. 3) 


which states that the free energy of mixing, A G d ,  or the “driving 
force” of the mixing process is entirely of entropic origin, ASd, 
and is a function only of the molar fraction: 


AG,,,‘ = RTN,  In N ,  + RTNhIn N h  (Eq. 4 )  


in which R is the universal gas constant, T is the temperature 
( O K ) ,  and N ,  and Nb are the molar fractions of Components a and 
b in the binary mixed monomolecular layer, respectively. 


The full lines 11, 111, and IV (Fig. 3) are obtained when conden- 
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Figure %--Plot of the mean molecular area against  molar fraction in mixed monolayers. 


sation effects occur on an expanded Component b because of the 
presence of Component a in the mixed monomolecular layer. Plots 
of the I11 and IV type are typically obtained at  different surface 
pressures for mixed monomolecular layers of cholesterol and leci- 
thin (9-13). The presence of sharp changes of slope at  a given com- 
position was taken to indicate (9) the formation of molecular com- 
plexes. This concept involves the existence of some energy of inter- 
action between the cholesterol and lecithin molecules forming the 
complex. 


The negative departure from the additivity rule can be ex- 
plained in this particular case without referring to the postulation 
of complex formation (14, 15). In the expanded liquid state, adja- 
cent lecithin molecules with their fatty acyl chains could generate 
an empty volume similar to an inverted cone that constitutes a 
“cavity” which can be “filled” with cholesterol molecules without 
causing an increase in the monomolecular layer. 


A thermodynamic treatment (16) can be used with some restric- 
tions (8, 12, 16-18) for the experimental evaluation of the free en- 
ergy of mixing, AGM, of the components of a mixed monolayer. 
However, evidence was presented recently (19) which indicates 
that the thermodynamic interpretations in the case of dipalmitoyl 
lecithin systems are tenuous and probably incorrect. 


The excess free energy of mixing, A G P ,  is given by: 


AG,$E = lr (6,,b - Nod,  - Nh6h)dx  (Eq. 5 )  


where bab, a,, and 6 b  represent the area of the mixed monolayer 


and the areas of the pure, single monolayers of Components a and 
b, respectively; N, and Nb represent the respective molar frac- 
tions, n is the surface pressure, and n* is usually taken as zero. 


db dr can be 
separately evaluated by weight integration of the compression 
curve of the mixed monolayer, the monolayer of pure Component 
a, and the monolayer of pure Component b. 


The integrals dab dn, I+* 8, dn, and 


The free energy of mixing can be calculated (20) using: 


AG,,, = AGIrE + AG,$,‘ (Eq. (i) 


in which A G d  (see Eq. 4), being independent of the chemical na- 
ture of the components, can be numerically calculated for each 
value of the molar fraction. 


Table I represents the results obtained by the application of this 
method of mixed monolayers of cholesterol and dipalmitoyl leci- 
thin, dipalmitoyl cephalin, hexadecylamine, hexadecanol, and pal- 
mitic acid (17). 


The significance of cholesterol-phospholipid interactions in the 
maintenance of the integrity of some biological membranes has 
been emphasized (21, 22). The free energy of mixing for a binary 
system is a measure of the tendency of its components to undergo 
a dissolution process. From Table I, it can be seen that the most 
negative value for all mixtures studied corresponds to the systems 
of cholesterol-dipalmitoyl lecithin and cholesterol-dipalmitoyl 
cephalin, which are roughly 200 cal/mole more negative than those 
corresponding to the ideal system or to cholesterol-hexadecanol 
and cholesterol-palmitic acid. The greater tendency for dissolution 
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Table I-Free Energy of Mixing ( A G ~ ,  cal/mole) at Air-Water Interface for Mixtures of Cholesterol with 
Phospholipid or C16 Hydrocarbon Chain Compounds" 


Molar Fraction 
~ 


0.20 0.33 0.50 0.67 0.80 


p, r-Dipalmitoyl-DL-a-lecithin - 330 - 480 - 630 -510 - 300 
( - 210) ( - 450) ( - 460) ( - 460) ( - 300) 


p, 7-Dipalmitoyl-DL-a-cephalin - 430 - 440 - 640 -430 - 340 
( - 300) ( -250) ( - 430) ( -310) ( - 220) 


Hexadecylamine ( - 240) ( - 350) ( - 390) ( - 340) ( - 280) 
1 -Hexadecanol - 180 - 260 - 370 - 250 - 200 


( - 220) ( - 290) ( - 380) ( - 280) ( - 230) 
Palmitic acid - 380 -460 - 450 - 350 - 280 


( - 330) ( - 430) ( - 430) ( - 350) ( - 280) 
Ideal system, A G ~  = - 290 - 370 - 400 - 370 - 290 


RT(N,  In N1 + Nz  In N 2 )  


Temperature, 20°; suhphaae, phosphate buffer (pH 7.2, ionic strength 0.15). Integration limits are 0 and 40 dynes/cm. Figures in parentheses correspond 
to the integrals between0 and 27.5 dynes/cm. 


of the phospholipids in equimolecular amounts of cholesterol a t  
the air-water interface could originate from some interaction be- 
tween cholesterol and these phospholipids. 


The difference between the values of the free energy of mixing 
for both pairs of integration limits in the cholesterol-phospholipid 
systems seems to indicate that a closed, packed configuration is 
necessary for enhancement of mutual dissolution. Since this effect 
is not observed for systems containing cholesterol and hexadecanol 
or palmitic acid, it may be concluded that some geometrical molec- 
ular arrangement of the phospholipid molecules is necessary to in- 
crease the mutual dissolution between these molecules. 


This type of deviation from the additivity rule has been ob- 
served in many mixed monomolecular layers involving lipids 
known to form biomembranes. From the results reported (8,12,13, 
17, 23), it seems that specific interactions between groups cannot 
explain all of the experimental facts. Cavity effects and van der 
Waals forces between the methylene groups of the hydrocarbon 


chains probably are involved in this interaction. The overall pic- 
ture obtained with the results points out that dispersive or van der 
Waals forces may constitute a main factor in the maintenance of 
the structure of the lipid rnicelles of biomembranes. 


Biomembrane models suggest that proteins could be structural 
as well as functional components of biomembranes and that lipid- 
protein interactions could play an important role in the structure 
of biomembranes. It was suggested (24) that cholesterol monomo- 
lecular layers a t  the air-water interface interact with proteins in- 
jected into the subphase because of specific forces that involve the 
hydroxy group of cholesterol and the peptide bond of bovine 
serum albumin. However, the compression curves of mixed mono- 
molecular layers of cholesterol and bovine serum albumin show no 
significant departure from the additivity rule in the plot of the 
mean molecular area as a function of the molar fraction (Fig. 4) 
(25). 


In this case, the protein molecules were spread directly a t  the 
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Figure 4- Surface pressureareu curves of mixed monolayers of bovine serum albumin and cholesterol. K e y :  1 ,  100% albumin; 
2,20% cholesterol; 3,33% cholesterol; 4 ,  50% cholesterol; 5, 67% cholesterol; 6, 80% cholesterol; and 7,100% cholesterol. 
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Figure 5-Surface pressure-area curves of mixed monolayers of cetyl alcohol and  cholesterol. Key: 1, 100% cetyl alcohol; 2,20% 
cholesterol; 3, 33% cholesterol; 4, 50% cholesterol; 5, 67% ch-iiksterol; 6, 80% cholesterol; and  7, 100% cholesterol 


plane of the cholesterol monomolecular layer and the mean molec- 
ular area was calculated using the number of amino acid residues 
per molecule of bovine serum albumin. Similar plots are obtained 
for mixed monomolecular layers of cholesterol and cetyl alcohol 
(Fig. 5).  In both cases (Fig. 6), the calculation of the free energy of 
mixing shows that the values obtained are those to be expected 
from an entropic factor only, without any contribution of an excess 
of free energy of mixing. 


Furthermore, when bovine serum albumin is added at  the plane 
of the interface in which a cholesterol monolayer was previously 
spread, the plot of the increment of the surface pressure against 
the number of bovine serum albumin molecules is of the Langmuir 
type (Fig. 7). If the concentration is expressed in molar fraction 
calculated with the number of amino acid residues per molecule of 
bovine serum albumin, the plot is then a straight line (Fig. 8). The 
same type of linear plot of the increment of surface pressure 
against concentration is obtained for the addition (in the plane of 
the interface) of sodium hexadecyl sulfate, sodium lauryl sulfate, 
bovine growth hormone, insulin, or 5-valineangiotensin when (in 
the last three cases) the concentration is expressed as molar frac- 
tions of amino acid residues (Fig. 9). 


Within the limits of the experimental error, all cases studied ad- 
hered to: 


in which xtot represents the total surface pressure after the spread- 
ing of the protein, polypeptide, or surfactant in the plane of the 
cholesterol monolayer; ?r:hol represents the surface pressure of the 
cholesterol monomolecular layer before the spreading of the other 
substances; and N R  is the molar fraction in the monomolecular 
layer of the added substance calculated, in the case of proteins and 
peptides, with the number of amino acid residues. 


The adherence to this equation, which represents the total vapor 


pressure of a tridimensional system as a function of the molar frac- 
tion, strongly suggests that the process is simply a bidimensional, 
nonspecific mutual dissolution between the amino acid residues 
(or the long hydrocarbon chains of the surfactants) and the choles- 
terol monomolecular layer. 


Here, again, the experimental evidence seems to indicate that '  
nonspecific forces of the van der Waals type are likely involved in 
the interaction of proteins with monomolecular layers of cholester- 


0 0.2 0.4 0.6 0.8 1.0 
MOLAR FRACTION OF CETYL ALCOHOL [OR 


CHOLESTEROL FOR CURVE 21 


Figure 6-Free energy of mixing, A G ~ I ,  as a function of molar 
fraction. Key: I, A, cetyl alcoholkcholesterol; 2, 0, cholesterol- 
bovine serum albumin; 3, X, ideal system, calculated from Eq. 
4; 4, A, cetyl alcohol-ClrH2s. CH(CH3)OS03Na calculated 
from Ref. 1; and 5, 0, cetyl alcohol-sodium hexadecyl sulfate 
calculated fmm the data of Ref. 10. 
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Figure 7-Increment of surface pressure, A T ,  in a cholesterol 
monolayer at 10 dyneslcm initial surface pressure with the 
number of bovine serum albumin molecules added at the plane 
of the interface at constant area. 
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Figure 8-Total surface pressure, T,  as a function of molar 
fraction of amino acid residues of bovine serum albumin, NR, 
at constant area. Initial surface pressure of cholesterol mono- 
layer = lOdynes/cm. 


01 and, consequently, that these forces could play an important 
role in the maintenance of the integrity of biomembranes. 


Interactions of Biolipid Molecules with Subphase Compo- 
nents-Studies of this type have been used since the 1930's with 
biological processes. A review on this subject is not intended here, 
and the reader is referred to Refs. 2628.  


The process of the interaction of a molecule approaching to a 
, 
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Figure %Total surface pressure as a function of molar fraction 
for: I ,  sodium hexadecyl sulfate; 2, bovine growth hormone, 
amino acid mid=;  3, sodium lauryl sulfate; 4, insdin, 
amino acid residues; and 5, 5-valineangwtemin. amino acid 
residues. Initial surface pressure of cholesterol monoluyer = 10 
dynes/cm. 
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Figure l&-Experimental assembly for the recording of 
changes in surface pressure and surface potential. 


monomolecular layer from the subphase can be followed by the 
measurement of the variations of the surface parameters as a func- 
tion of time. The study can be performed at  constant surface pres- 
sure or a t  constant surface area. When energetic values are sought, 
the parameter of choice is the variation of surface pressure at  con- 
stant surface area after the injection of the desired molecule in the 
subphase beneath the monomolecular layer. This variation is a 
function of the excess surface concentration and the changes in the 
monolayer properties that could affect its surface pressure such as 
conformational changes and phase transitions. 


Figure 10 shows a simple experimental device (29). A Teflon 
dish containing a final and constant volume of water provided with 
a Teflon-coated magnetic stirring bar is used as a trough. The tips 
of two identical microburets are immersed in the water. One mi- 
croburet contains the solution of the substance to be injected. The 
other microburet is used to withdraw, prior to the injection, exact- 
ly the same volume of water to avoid effects of the variations of 
buoyancy on the platinum plate. 


The Wilhelmy platinum plate for the measurement of the sur- 
face pressure is attached to an electrobalance. The 241Am, air-ion- 
izing electrode for the measurement of the surface potential is at- 
tached to an electrometer. The outputs of both instruments are fed 
into a dual-pen recorder, allowing measurement of the variation of 
the surface pressure and surface potential as a function of time at 
constant surface area and temperature. 


The study of the interaction concerns two aspects: the kinetics 
of approach to equilibrium and the resultant equilibrium. The 
equilibrium has been studied by the application of a modified 
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Figure 11-Plots of h increment of surface pressure against 
time after the injection of sodium cetyl sulfate (-) or cetri- 
monium bromide (- - -) beneath a dipalmitoyl lecithin mono- 
layer at 5 dynes/cm. Curves are labeled as to micromolar f i d  
concentrations of h injected surfactant. 


Gibbs adsorption equation (30,31) and by the postulation of an os- 
motic equilibrium (32) between two presumed phases. A systemat- 
ic study of the kinetics of these processes was performed only re- 
cently (29). 


Figure 11 shows typical plots of the increment of surface pres- 
sure, AT, against time after the injection of sodium cetyl sulfate or 
cetrimonium bromide beneath a dipalmitoyl lecithin monolayer a t  
5 dyneshm (29). Both the kinetics and the final equilibrium vary 
with the nature of the polar head of the injected molecule. The in- 
teraction of cetrimonium bromide is virtually completed in the 
first few minutes after the injection and the effect on the surface 
pressure is relatively small. The interaction of sodium cetyl sulfate 
takes a much longer time to achieve equilibrium, and the effect on 
the surface pressure is more than three times greater than the ef- 
fect of the cetrimonium bromide. 


Energetics-The final value of the increment of the surface 
pressure (AT,  dynes/cm) as a function of the concentration in the 
bulk subphase of the injected molecules (n, molecules/cm3) per- 
mits the estimation of the energy of activation of the process on 
the premise of a collision model and a constant entropy factor (29, 
33) from: 


l / A r  = l / A r m  + ( B / A r m N I / n )  (Eq. 8 )  
B = ( N s / A ) ( ' ~ , , , / h T ) ' ' ~ ( v j ( e - ~ ~ T )  (Eq.9) 


in which (NsIA) is the number of molecules per unit area that 
form the lipidic monolayer; T = 3 .14 . .  . ; m is the mass of the ap- 
proaching molecule (or ion); k and T are the Boltzman constant 
and the absolute temperature, respectively; and q is the energy of 
activation. The frequency factor, Y ,  that corresponds to the vibra- 
tion of an oscillator perpendicular to the plane of the interface can 
be assumed to be lo-'* sec (34). 


Figure 12 shows the values of the energies of activation for the 
interaction of cetyl sulfate and cetyl sulfate-cetrimonium ions 
with several lipid and phospholipid monolayers (40). 


Taking as a reference the dipalmitoyl glycerol molecule, it can 
be observed that the attachment of a complex phosphoryl group 
with a net negative charge produces a significant difference be- 
tween the energies of activation of the interaction of the molecules 
that form the monolayer with the positive or the negative long 
chain hydrocarbon ion injected. The zwitterionic dipalmitoyl leci- 
thin and dipalmitoyl phosphatidylethanolamine, with a net charge 
equal to zero in the conditions of the experiments, differentiate, 
however, through the value of the energy of activation the charge 


10.6 


1 Z E H ~ . ( C H ~ \ ~ I  
Dipalmitoyl 
lecithin 


9.4 11.8 


)'O.P,(C H2&.N+(Ctl& 
~ 


Dipalmitoyl 
phorphatidyl- 
ethanolarnine 10.9 11.3 


Figure 12-Energies of activation for the interaction of cetyl 
sulfate a n d  cetrimonium ions with different lipids. Initial sur- 
face pressure of the monolayers = 5 dynes/cm. 


of the injected ion. This seems to indicate that even for the zwit- 
terionic phospholipids the ionic groups of the polar hydrophilic 
moiety are not equivalent in the perturbation that an attached hy- 
drocarbon chain produces in the surface pressure of the phospho- 
lipid monolayer. 


The energy of activation is a function of the chain length of the 
injected molecule (33). Figures 13-15 show the plots of the ener- 
gies of activation against the chain length for the interaction of se- 
ries of alkyl sulfate and alkyl trimethylammonium ions with dipal- 
mitoyl glycerol, dipalmitoyl phosphatidylethanolamine, and dipal- 
mitoyl lecithin. The slope of the best straight line passing through 
the experimental points is related to the energy of activation per 
methylene group of the hydrocarbon chain of the injected ion, and 
the intercept could be interpreted as related to the contribution of 
the polar head to the total energy of interaction. 


Table I1 shows the value of the energy of activation per methy; 
lene group and per polar group for the interaction of alkyl sulfate 
and alkyl trimethylammonium ions with dipalmitoyl glycerol, di- 
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Figure 13-Energies of activation as a function of the chain 
length of alkyl sulfate and  alkyl trimethylammonium ions for 
the interaction with dipalmitoyl glycerol monolayers a t  5 
dynes/cm initial surface pressure. 
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Table 11-Energies of Activation of the  Interaction of Alkyl Sulfate and  Alkyl Trimethylammonium Ions with 
Dipalmitoyl Glycerol, Dipalmitoyl Phosphatidylethanolamine, and Dipalmitoyl Lecithin 


'p, kcal/mole 
Energy of Activation, 


Interaction n =  kcal/Group mole 


Lipidic Monolayer Surfactant Ion 6 8 12 16 SO,- N+(CH3) CHZ 


-0.58 Dipalmitoyl C"He"+ 1) .SO,- - 4 . 8  -6 .0  -8.3 -10.6 -1.30 - 
glycerol CnH(m+i).NC(CH3)s -4.4 -5.8 -8.4 -10.8 - -0.60 -0.64 


Dipalmitoyl CnH(zn+ 1).SO,- - 4 . 9  - 6 . 1  -8.5 -10.8 -1.4 - -0.62 


ethanolamine 
D ipalmitoyl CnH(rn+ I ) . S O ~ -  -4.4 -5.5 -7.6 -10.0 -1.0 - 


lecithin CnH(zn+l).N + ( C H ~ ) O  -4.7 -6.3 -9 .3  -12.4 - -0.10 -0.77 


phosphatidyl- CnH(2.+ I ) . N  +(CH3)3 -5.1 -6.4 -8.8 -10.3 - -1.4 -0.62 


-0.56 


palmitoyl phosphatidylethanolamine, and dipalmitoyl lecithin. As 
it can be observed, the energy of activation per methylene group is 
in the range of from -0.56 to -0.77 kcal/mole, and the contribu- 
tion to the energy of activation of the sulfate or the trimethylam- 
monium group always has a negative value. 


The energy of adsorption at  the air-clean water interface of long 
chain hydrocarbon ions has been measured by different investiga- 
tors. Table I11 represents the numerical values obtained for the en- 
ergy of adsorption per methylene group and per polar head calcu- 
lated using literature data (36-38). 


The energy of activation per methylene group in the interaction 
process of the long chain hydrocarbon ion with the lipidic mono- 
layers is energetically equivalent to that of the adsorption of meth- 
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Figure 14-Energies of activation as a function of the chain 
length of alkyl sulfate and alkyl trimethylammonium ions for 
the interaction with dipalmitoyl phosphatidylethanolamine 
monolayers at 5 dynes/cm initial surface pressure. 
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Figure IS-Energies of activation as a function of the chain 
length of alkyl sulfate and alkyl trimethylammonium ions for 
the interaction with dipalmitoyl lecithin monolayers at 5 
dynes/cm initial surface pressure. 


ylene groups at  an air-clean water interface in all cases studied, 
with the exception perhaps of the interaction of alkyl trimeth- 
ylammonium ions with dipalmitoyl lecithin monolayers. 


The energy of activation per polar head of the injected long 
chain hydrocarbon ion, because of its numerical value and the 
negative sign, is closer to the values obtained for the energy of ad- 
sorption of sulfate and trimethylammonium polar heads at a hydro- 
carbon-clean water interface. 


The picture that emerges from these energetic findings is by far 
more complex than that associated with the mechanical effects 
suggested by the semantics of "monolayer penetration" coined by 
Schulman and Rideal(39). The comparison of the values obtained 
in the interaction processes with those obtained for the adsorption 
at  clean interfaces (without any monolayer) suggests that the polar 
head group of the injected long chain hydrocarbon ion could be lo- 
cated near to a hydrocarbon environment with its hydrocarbon 
chain more likely near to an aqueous environment. 


This suggestion and the differences observed in the energies of 
activation of the interaction of alkyl sulfate and alkyl trimeth- 
ylammonium ions with the zwitterionic phospholipids point out 
that both the polar hydrophilic moiety of the phospholipid and the 
polar head of the long hydrocarbon chain determine the different 
perturbation that identical hydrocarbon chains can produce in the 
state of the monolayer. The presence of this type of phospholipids 
is almost constant in biomembranes and, consequently, these facts 
strongly suggest that the microstates of the lipid micelles of bio- 
membranes could be differently affected according to the nature of 
the approaching molecule. 


Kinetics-The effective change in surface pressure for the in- 
teraction of cetrimonium ions with dipalmitoyl lecithin, dipalmi- 
toy1 phosphatidylethanolamine, and dipalmitoyl glycerol mono- 
layers is essentially an extremely fast process under the experi- 
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5 10 15 20 25 30 35 
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Figure 16-Typical apparent first-order plots for the inter- 
action of 4 X 10- M cetyl sulfate ion with: 1,  dipalmitoyl 
lecithin; 2, dipalmitoyl glycerol; and 3,  dipalmitoyl phosphatid- 
ylethanolamine monolayers. 
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Table 111-Energies of Adsorption per Group of Alkyl 
Sulfate and Alk 1 Trimethylammonium Ion at the 
Hydrocarbon-dater and Air-Water Interfaces- 


Energy of Adsorption, kcal/Group mole 


Hydrocarbon-Water Air-Water 


SO,- N+(CH3)3 CH, SO,- N+(CH3)3 CH, 
- 1 . 2  -0.70 -0.81 + 2 . 4  +2.7 -0 .63  


a From Refs. 34 and 36-38. 


mental conditions. The new steady-state values are reached within 
a few minutes after the injection. 


The interaction of cetyl sulfate ions with these three lipids is 
comparatively a slower process. Figure 16 shows the plots of the 
logarithm of the difference between the value of the increment of 
the surface pressure at equilibrium, Areq, and the increment a t  a 
time t ,  A s ,  as a function of time for the interaction of cetyl sulfate 
a t  a final concentration of 4 X M with dipalmitoyl glycerol, 
dipalmitoyl lecithin, and dipalmitoyl phosphatidylethanolamine 
(40). The linear plot suggests an apparent first-order increase of 
the surface pressure to a new steady-state value with almost iden- 
tical values of the apparent first-order rate constant. 


The presence of an inert electrolyte affects the kinetics of these 
processes and permits the evaluation of the apparent first-order 
rate constants even in the cetrimonium-ion interaction. Figure 17 
shows the decrease of the apparent first-order rate constant in the 
presence of an increasing concentration of sodium chloride, from 
0.15 to 0.45 M for the interaction of cetrimonium ion at  a final con- 
centration of 4 X M with dipalmitoyl lecithin monolayers'. 
This same effect can be observed using potassium chloride as the 
added electrolyte (Fig. 18). 


The plot of the logarithm of the apparent first-order constant 
against the square root of the ionic strength gave straight lines in 
both cases, with an identical negative slope of approximately unity 
(Fig. 18) but with a different intercept. The adherence to the 
straight-line equation, the negativity, and the numerical value of 
the slope indicate that the interaction between cetrimonium ions 
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Figure 17-Typical apparent first-order plots for the inter- 
action of 4 X 10-6 M cetrimonium ions with dipalmitoyl lecithin 
monolayers. Key: I ,  0.15 M NaCl; II, 0.30 M NaCl; and III, 
0.45 M NaCl. 


' E. R. Garrett and F. A. Vilallonga, unpublished results. 


486 f Journal. of Pharmaceutical Sciences 


2 


2 1  , 0.9 
0.8 C 0.7 


4 0.6 
0.5 


0.4 


0.3 


0.2 


0.1 
2 4 6 8  


t ,  min 


figure 18-Typical apparent first-order plots for the inter- 
action of cetrimonium ions with dipalmitoyl lecithin mono- 
layers. Key: I ,  0.15 M KC1; II, 0.30 M KCI; and III, 0.45 M 
KCZ. 


with the dipalmitoyl lecithin monolayer could be described as an 
interaction between ions of opposite charge (40) and suggests that 
the first event in the process is the attachment of the polar head of 
the cetrimonium ion, possibly to the phosphate group of the zwit- 
terionic polar hydrophilic moiety of dipalmitoyl lecithin. 


The difference observed between the plots of the logarithm of 
Aueq - AT as a function of time for subphases containing sodium 
chloride or potassium chloride indicates that for a given ionic 
strength the interaction of cetrimonium ions with dipalmitoyl leci- 
thin monolayers is a faster process in the presence of potassium 
ions than in the presence of sodium ions. This experimental find- 
ing could be related to selective effects observed in the compres- 
sion curves of dipalmitoyl lecithin monolayers obtained on sub- 
phases containing sodium chloride, potassium chloride, or lithium 
chloride (41). 


The selective effect of sodium ions on dipalmitoyl lecithin mo- 
nolayers (421, which has been also observed on dipalmitoyl phos- 
phatidylethanolamine monolayers (43), has been used jointly with 
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Figure 19-Plot of the logarithm of the apparent first-order 
rate constant for the interaction of cetrimonium ions with di- 
palmitoyl lecithin nonolayers against the square m t  of the 
ionic strength. Key: I ,  KC1; and II, NaCl. 







the measurement of unidirectional flux of sodium ions to conclude 
that the penetration of sodium ions through the epithelium of frog 
skin does not occur by simple diffusion but depends on a specific 
interaction with the polar group of the outer leaflet of the plasma 
membrane (44). 


It has been suggested (45) that, if a cell membrane has a water 
channel whose walls are covered with phospholipids of the dipal- 
mitoyl lecithin type, the discriminative properties of these phos- 
pholipids, when spread in monolayers (41). would cause the radius 
and the length of such a pore to vary according to which ion is 
flowing through its lumen. 


It has been established that the nerve cell membrane can distin- 
guish between sodium and potassium ions and that the permeabili- 
t y  to these two ions is variable (46). The effect of quaternary am- 
monium ions injected into the axoplasm on the potassium conduc- 
tance of squid axons strongly suggests that the postassium ions 
traverse the nerve membrane by way of pores which sodium ions 
cannot enter (47). 


In accord with the findings on monolayer experiments, it is con- 
ceivable that the potassium ion generates per se the selective 
channel in absence of quaternary ammonium ions and that, be- 
cause of its accelerating effect on the kinetics of the interaction of 
the quaternary ammonium ion with the phospholipids that cover 
the walls of the channel, it assists the closing of the activation 
gates when the quaternary ammonium ion is injected into the axo- 
plasm. 


CONCLUSION 


A better knowledge of the interactions of biomolecules a t  the 
plane of an interface is necessary to understand the complexity of 
the structure of the cell interfaces and the order of magnitude of 
the energy required to produce nondisruptive structural changes 
that, in turn, can produce functional modifications of biomem- 
branes. If these functional modifications could be produced by the 
approach of a selected drug molecule to the cell interface, the bet- 
ter knowledge of the kinetics and energetics of this type of interac- 
tion will be invaluable in the design of new and better drugs. 
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Stereochemical Preferences for Curarimimetic 
Neuromuscular Junction Blockade I: 
Enantiomeric Monoquaternary Amines as Probes 


PAUL W. ERHARDT and TAITO 0. SOINEX 


Abstract 0 Seven pairs of monoquaternary enantiomeric neuro- 
muscular junction blocking agents were prepared in which the car- 
bon asymmetry is adjacent to the quaternized nitrogen moiety. 
The tertiary amines from which the blocking species were obtained 
are carnegine, laudanosine, N- methylpavine, corydine, isocory- 
dine, glaucine, and boldine. Curarimimetic potencies, obtained 
with an in uiuo cat tongue-hypoglossal nerve preparation, were ob- 
tained for the enantiomeric methiodides of each of these amines. 
Possible contributions to activity by preferential binding to blood 
components or by selective inhibition of acetylcholinesterase also 
were studied. The combined studies indicate that there is a modest 
preference by the neuromuscular junction of the cat for monoquat- 
ernary blockers with the (S)- configuration. 


Keyphrases Curarimimetic activity-stereochemical prefer- 
ences for neuromuscular junction blockade, seven pairs of enan- 
tiomeric monoquaternary amines (carnegine, laudanosine, N- 
methylpavine, corydine, isocorydine, glaucine, and boldine as 
methiodides) as probes 0 Neuromuscular junction blockade (cu- 
rarimimetic)-stereochemical preferences, seven pairs of enan- 
tiomeric monoquaternary amines as methiodides as probes Am- 
ines, enantiomeric monoquaternary-as probes for determination 
of stereochemical preferences for curarimimetic neuromuscular 
junction blockade 0 Blocking agents, neuromuscular-carnegine, 
laudanosine, N- methylpavine, corydine, isocorydine, glaucine, and 
boldine (as methiodides), stereochemical preferences for curari- 
mimetic neuromuscular junction blockade, enantiomeric mono- 
quaternary amines as probes 


The structural requirements for neuromuscular 
junction blockade have been a heavily researched 
area in the study of chemical activity on physiological 
function (1). Most applicable parameters have re- 
ceived intensive study, and it is surprising that little 
has been done regarding enantiomeric comparisons 
(2). The following structure illustrates the nature of 
the asymmetry commonly possessed by curarimimet- 
ic neuromuscular junction blockers: 


The possibility that carbon asymmetry adjacent to 
the quaternary nitrogen may cause potency differ- 
ences among the stereochemical isomers was indicat- 
ed by the work of King (31, who found that (+)-tur- 
bocurarine was 20-60 times more potent than (-)- 
tubocurarine. Similarly, earlier work (4) indicated 
that nitrogen asymmetry, obtained by methyl quater- 
nization of canadine, can also lead to differing neuro- 
muscular junction blocking potencies among the vari- 
ous stereochemical isomers. 


Since these initial findings, support for such a 
premise has been rather sparse since a systematic in- 
vestigation of the effects of asymmetry on curari- 


mimetic activity is nonexistent. However, in cases 
where configurational isomerism was encountered, 
different potencies among the isomers also were ob- 
served (2,5-9). 


This series of studies addresses itself to the eluci- 
dation of stereochemical parameters, resulting from 
configurational isomerism, that may affect neuro- 
muscular junction blocking potency. Asymmetry per 
se is not necessary for blocking activity, and these 
studies are not presupposed on finding such differ- 
ences. Instead, they are based on establishing the ex- 
tent, if any, of such differences in the hope of further 
defining the characteristics of the binding site for 
these types of blocking agents. 


In beginning such a study, it seemed reasonable to 
start at the simplest level, that is to employ as probes 
molecules possessing only a single asymmetric atom. 
In terms of pharmacological design and for synthetic 
simplicity, it  was decided to pattern the probes after 
a hemi-curare type of structure. The resulting te- 
trahydroisoquinoline types, after quaternization, 
would then bear an onium head in a “pachy-curare” 
arrangement typical of curarimimetic agents. This 
approach was taken by earlier workers (10, ll), who 
found that such structural types do indeed show 
weak curare-like activity. The synthesized probes 
(I-XIV) were subjected to bioassay in this initial 
work. 


Further studies will employ more complex probes 
and will consider the stereochemical preferences of 
bisquaternaries with asymmetric carbon atoms, 
monoquaternaries with carbon-nitrogen asymmetry 
and simple nitrogen asymmetry, and bisquaternaries 
with carbon-nitrogen asymmetry and uncomplicated 
nitrogen asymmetry. 


CHEMISTRY 


The laudanosinium (I and 11) and N,N-dimethylpavinium (111 
and IV) probes were synthesized from papaverine. Treatment of 
papaverine methiodide with methanolic sodium borohydride (12) 
produced (A)-laudanosine. Its resolution was achieved via the 
0,O-di-p-toluoyl bitartrate salts (13). Deracemization with quinic 
acid (14,15), tartaric acid, and 0,O-dibenzoyltartaric acid (16) was 
unsuccessful. Treatment of papaverine methiodide with sodium 
borohydride in pyridine (17) yielded the partially reduced 1,2-di- 
hydro compound, which was cyclized to (&)-N- methylpavine by 
the usual acid treatntent (18). Resolution was accomplished via 
the bitartrate salts (19). Methyl iodide quaternization of each en- 
antiomeric pair produced the desired probe compounds. 


The carneginium probes (V and V1) were synthesized from N- 
acetylhomoveratrylamine which, under Bischler-Napieralski reac- 
tion conditions (20) and subsequent reduction with sodium bor- 
ohydride in methanol (21), yielded (i)-salsolidine. This compound 
was deracemized oia the 0,O- dibenzoyl bitartrate salts (21). 
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(+)-TU BOCU RARl NE CHLORl DE TYPICAL PROBE RESPONSE 


Figure 1-Pattern of neuromuscular junction block onset, duration, and relief. 


Methyl iodide treatment of each enantiomer under buffered condi- 
tions provided the desired probe pair. 


The aporphinium-type probes were prepared from the commer- 
cially available, naturally occurring tertiary bases, all of which pos- 
sessed the (S)- configuration. Methyl iodide quaternization of 
these [(+I-glaucine, (+)-corydine, (+)-isocorydine, and (+)-bol- 
dine] gave the 69)-component of the desired enantiomeric probe 
pairs (VII, IX, XI, and XIII). Racemization of the optically active 


= -cH2*0cH3 OCH, 


I: (S)-N-methyllaudanosinium iodide 
11: (If)-N-methyllaudanosinium iodide 


R = CH, 
V: (8)-N-methylcarneginium iodide 


VI: (R)-N-methylcarneginium iodide 


OCH, 
111: (S,S)-N,N-dimethylpavinium iodide 
IV: (R,R)-N,N-dimethylpavinium iodide 


I R/tI 


R = R' = CH,, R" = H, R"' = OCH, 
VII: (S)-N-methylglaucinium iodide 


VIII: (R)-N-rnethylglaucinium iodide 
R = CHI, R' = R"' = H, R" = OCH, 


IX: (S)-N-methylcorydinium iodide 
X: (R)-N-rnethylcorydinium iodide 


R = R' = CH,, R" = OH, R"' = H 
XI: (S)-N-methylisocorydinium iodide 


XII: (R)-N-methylisocorydinium iodide 
R = R" = H, R' = CHI, R"' = OH 


XIII: (S)-N-methylboldinium iodide 
XIV: (R)-N-rnethylboldinium iodide 


d 
7- 


111 t 
t 


RELIEF EFFECTED BY EDRO- 
PHONIUM. ARROWS INDICATE 
TIME OF INTRAVENOUS 
INJECTION. 


bases was effected by the catalytic hydrogenation (22) in acetic 
acid (21). Deracemization of the racemates of glaucine, corydine, 
and isocorydine was accomplished uia the bitartrate route suggest- 
ed (23) for glaucine. 


Although many attempts were made to resolve the boldine race- 
mate, it was only possible through the 0,O- di-p- toluoyl bitartrate 
salts. Again, methyl iodide quaternization of the resultant (R)- 
enantiomers was successful and provided the other half of the re- 
quired enantiomeric probe pairs (VIII, X, XII, and XIV). All of the 
compounds prepared, other than known compounds, were charac- 
terized by melting point, optical rotation, TLC, and spectral meth- 
ods (IR, NMR, UV, and mass spectroscopy). Final compounds 
were also subjected to elemental analysis. All analytical and spec- 
tral data were in accord with known values. Melting point, optical 
rotation, and TLC data were obtained again, after physiological 
testing, to ensure that the quality of the test probes had not 
changed. 


BIOLOGY 


In the selection of an assay for neuromuscular junction blocking 
abilities, two considerations led to the decision that an in uiuo cat 
preparation would be the most appropriate: 


1. It is well established (24-26) that among various species the 
cat most closely resembles humans in its response to neuromuscu- 
lar junction blocking agents. 


2. Maclogan (27) pointed out that isolated nerve-muscle prepa- 
rations do not simulate the intact animal in overall response, dura- 
tion of action, and recovery patterns. 


Although several in uiuo cat preparations have been described, 
they all employ a muscle removed from its natural surroundings 
and necessitate precautionary measures such as the maintenance 
of a controlled muscle temperature (28-31). However, the hypo- 
glossal nerve-tongue muscle preparation allows the muscle to be 
maintained in its natural surroundings, and previous experience in 
these laboratories (21) established its suitability for this type of 
study'. 
In assessing the nature of the blockade produced by the mono- 


quaternary probes, several observations support the conclusion 
that the block is of a curarimimetic type: 


1. No initial contraction or muscular fasciculation, characteris- 
tic of depolarizing-type blockers in their action on cat muscle (l), 
was observed. 


2. The blocking patterns (Fig. 1) of the probes were identical to 
those of (+)-tubocurarine in their onset of action and decay to 
maximal effect, although (+)-tubocurarine had a much longer du- 
ration of action which manifested itself in a recovery phase with a 
more gentle slope. 


3. The blocks established by the probes and by (+)-tubocurar- 
ine were shown to be cumulative at  low doses. 


4. The blocks established by (+)-tubocurarine and by the 


' The method has been used as a teaching tool in the pharmacology labo- 
ratories of the University of Minnesota and Michigan State University, but 
it apparently has not been described in the literature. Therefore, a detailed 
description of this method appears in the Experimpntal section. 
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Table I-Neuromuscular Junction Blocking Potencies 


EDsa 
Potency 
Rat io  t o  


( +)-Tuba- Slope 
EDS0, X 10-4 Duration, curarine Comparison* Previous 


Drug rZa mmole/kg m m  (1/N) [Fs W’, d F )  1 Work. 


( +) -Tubocurarine 
XI11 


XIV 
I X  


X 
X I  


XI1  
I11 


IV 
VII 


VIII 
I 


I1 
V 


VI 


0.73 
0.85 


0.80 
0.51 


0.66 
0.94 


0.80 
0.69 


0.78 
0.85 


0.75 
0.72 


0.79 
0.92 


0.86 


1.32 
17.06 


27.72 
16.98 


38.10 
41.41 


47.67 
49.09 


85.92 
79.48 


128.97 
96.99 


167.94 
260.88 


488.98 


35 
20 


20 
11 


9 
15 


15 
30 


30 
8 


7 
12 


15 
10 


9 


1 
13 


20 
13 


29 
31 


36 
37 


65 
60 


97 
73 


127 
197 


370 


0.018 
(2, 27) + 
(2, 30) + 
(2, 27) + 
(2, 30) + 
9.515 
(2, 27) - 


1.602 
(3, 46) + 
3.073 
(2, 27) + 


0.571 


0.295 


1.511 


(32-34) - 
(35) + 


a When the raw data for a single animal were treated statistically, r* was considerably higher (>0.90) in all cases. The lower rz value obtained when the data 
for three cats were pooled can then be taken as an expression of individual variation. * Comparisons were made between the regression line slopes of the probes 
and (+)-tubocurarine (+ indicates that the slopes are not statistically dissimilar; - indicates that the slopes are statistically dissimilar). Reference to prior 
studies on the racemic modifications (+ indicates potency agreement; - indicates potency disagreement). 


Table 11-Enantiomeric Neuromuscular Junction Blocking Potency Comparisons 


ED50 with 95% Confidence 
Limits, mg/kg ED,, Potency Elevationa 


Comparison Rat io  of 
Drug  Enantiomer Low EDSO U P  Enantiomers [FeI(dF’, d F )  1 


( +) -Tubocurarine 0.08 0.09 0.16 


3.29 


5.24 


1.64 


3.43 


4.84 


8.38 


2.44 


4.27 


11.68 


20.56 


4.28 


5.86 


1.8:l  


1 . 7 : l  


3.198 
(1, 25) - 


( S )  8.39 9.47 11.07 1 . 9 : l  18.267 


(R)  13.39 17.75 24.70 
(1, 16) t 


VII  


{VIII 


3.58 


5.07 


3.95 


6.41 


4.36 


8.00 


1.7:1 


( S )  0.29 0.82 1.64 2 . 2 : l  7.992 
(1, 19) + 


( R )  1.30 1.84 3.33 


1.70 2.00 2.40 1 . 2 : l  - 
1.70 2.32 4.35 


6) 0.61 .O .80 1.22 1 . 5 : l  4.563 


(R)  0.90 1.30 1.50 
(1, 16) + 


Statistical comparisons were made between the line elevations of enantiomeric pairs to evaluate the significance of tho difference in EDso values (+ indicate 
a statistically significant difference; -indicate that the difference ia not statistically significant). 


probes showed identical, characteristic stepwise patterns of recov- 
ery when edrophonium, an acetylcholinesterase inhibitor, was’ad- 
ministered (Fig. 1). 


5. A statistical comparison of the slopes of log dose uersus pro- 
bit response linear regression lines (Fig. 2) for (+)-tubocuraiine 
and the probes revealed that, in all cases except for the glauci- 


niums, their slopes were not statistically different. This finding in 
itself is taken to mean a similar mechanism of action. 


Table I presents the neuromuscular junction blocking potency 
data and is arranged so that the more potent inhibitors are at the 
top of the table. The phenolic aporphiniums are more potent than 
the aporphiniums which possess only aryl ether type of functional- 
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-4 -3 -2 -1 -4 -3 -2 -1 
fa) (b) 


DOSE, log (mmole/kg) 


figure 2-Computer program-derived linear regression plots 
of neuromuscular junction blockage data. (a) Typical data 
represented by actual data for the N-methylcorydinium iodides. 
Key:  A ,  (+)-tubocurarine; B, I X ;  and C,  X .  (b) Aberrant 
data obtained for the N-methylglaucinium iodides. Key:  A ,  
( +)-tubocurarine; B, VII; and C,  VIII. 


ity, although it is usually expected that alkylation of phenolic 
groups leads to an enhancement in neuromuscular junction block- 
ing potency (5,40). However, the fully aryl ether type of aporphin- 
iums are represented only by the glauciniums and, as already stat- 
ed, these probes are unique in that their slopes show a statistically 
significant deviation from the slope of (+)-tubocurarine. 


In addition to the neuromuscular junction activity, an initial fall 
in blood pressure was observed intermittently for the probes and 
for (+)-tubocurarine. The effect is common (41) for quaternary- 
type compounds and may be attributed to either a weak muscar- 
ink-type activity or, more likely, to an initial histamine release ef- 
fected by these agents since the effect was of a transient nature. 


Another observation was that during the initial dosing phase 
with (+)-tubocurarine, equal subsequent doses effected a greater 
blockade. This phenomenon is presumed to be due to the filling of 
other more generalized receptors for quaternary-type compounds. 
The possibility that these receptors may not be located a t  the neu- 
romuscular junction is exemplified by the red blood cells in which 
the membrane contains cholinesterase and bears a net negative 
charge (42, 43). After saturation of these depots with either (+)- 
tubocurarine or the probes, the phenomenon was no longer ob- 
served and linear relationships between dose and response could 
be obtained through the remainder of the experiment. 


Because of this phenomenon, it became important to establish 
that these probes had an activity of their own and that they were 
not acting by the mere displacement of (+)-tubocurarine from the 
nonspecific receptors. Therefore, the Latin-square method was 
adopted into the drug administration protocol such that each new 
animal preparation was titrated and initially tested with a differ- 
ent drug. Three probes were tested in three different animal prep- 
arations, and each probe was tested with a t  least three different 
concentrations in each animal. Potency ratios were found to be the 
same in all preparations and were independent of the order of test- 
ing. 


Table I1 presents the neuromuscular junction blocking potency 


Table 111-Enantiomeric Probe Binding to Blood 
Components 


~~ 


Percent Percent 
Bound Bound 


Concentration, t o  Plasma t o  Red 
Tes t  


Drug mg/ml Proteins Blood Cells 


I 0.085 9312 22 + 2 
I1 0.085 8 f 2  10 f 2 


I11 0.040 9 f 3  7 + 2  
0.040 7 f 3  10 + 2 IV 
0.170 2 3 I 3  V 


VI 0.170 4 + 3  
- 
- 


V I I  0.065 33 f 8 12 f 2 
13 f 2 VIII 0.065 20 f 6 


IX 0.016 50 f 6 - 


X 0.016 52 f 4 - 


XI 0.028 69 f 7 22 =!= 2 
XI1 0.028 59 f 7 16 f 2 


XI11 0.013 68 f 7 - 
XIV 0.013 56 f 6 - 


relationships between the (S)- and (R)- enantiomers. That the 
(S)- enantiomers have a subtle, statistically significant potency 
magnitude difference from the (R)- enantiomers is clearly demon- 
strated. However, this difference reflects the gross respon6e obser- 
vations from an in vivo bioassay and cannot, a t  this point, be at- 
tributed to a stereochemical preference exhibited by certain neuro- 
muscular junction receptors. Other physiological parameters that 
could cause such differences are: different absorption rates be- 
tween enantiomers, unequal distributions due to either a preferen- 
tial access to certain compartments or a preferential binding in 
certain compartments having equal accessibility, different meta- 
bolic rates, differing rates of excretion, and, most important, dif- 
ferent inhibitory interactions with acetylcholinesterase. Since 
acetylcholinesterase is so intimately associated with the neuromus- 
cular junction, its consideration is essential for studies of this type, 
even by those workers who employ isolated nerve-muscle prepara- 
tions as their bioassay. 


The time course of less than 5 sec to obtain maximal blocking ef- 
fect after intravenous injection with all compounds tested repre- 
sents very nearly the bolus head of the injection (44); on this basis, 
differential absorption, excretion, and metabolism rates are un- 
likely factors to be considered in seeking causes for differences in 
enantiomeric potency. Similarly, preferential access to certain 
compartments can probably be disregarded, although preferential 
binding (e.g., to plasma protein) in certain compartments having 
equal accessibility cannot be dismissed as a possibility. Finally, 
preferential inhibition of acetylcholinesterase by one of the enan- 
tiomers certainly cannot be disregarded on this basis and, there- 
fore, requires further investigation. 


That the blood compartment may have binding preferences for 
one of the enantiomeric species was a primary consideration, al- 


c 


W 
0 I l l  


a 


CONCENTRATION 0.005 0.105 0.205 0.305 0.405 0.505 4 12 20 28 36 44 
(a) CONCENTRATION, mgfml HOURS 


(b) fC) 


Figure 3-Plasma protein binding patterns and in vivo drug distribution compartment concentrations. (a) Theoretical pattern of 
binding to plasma proteins as a function of increasing drug concentration. (b) Binding pattern obserued within the measurable con- 
centration range for the probes (actual data for I ) .  Also illustrated are in  vivo distribution compartment concentrations using t@ 
plasma volume ( A ) ,  the total blood volume ( B ) ,  the total extracellular water (C) ,  and the total body water ( D ) .  (c) Typical d d y s i s  
rate data (actual data for I ) .  Key:  A ,  calculated loss due to dilution; B ,  control dialysis with membrane containing buffer solution 
only; and C ,  normal dialysis. 
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Table IV-Acetylcholinesterase Inhibition 


I n  Viuo 
Concentration 


Range, 
Drug Enantiomer x M a  


Wilkinson 
K i ,  x 10-4 M b  


W il kinson 
V,.,, rmoles/ 


unit/min Inhibitionc 


Acetylcholine (natural substrate, K,) 
Edrophonium 
Neosticrmine - 


I 
I1 


I11 
I V  
V 


VI  
V I I  


V I I I  
IX x 


2-6 
4-10 
2-6 
4-10 


13-32 
24-60 
4-10 
6-16 


0.8-2 
2-5 


2.72 f 0.06 
0.033 f 0.001 


0.0011 f 0.0003 
13 f 0 . 2  


6 . 5  f 0 . 8  
7 . 1  f 0 . 4  
6 . 1  f 0 . 5  
8 . 2  f 0 . 4  
3 . 4  f 0 . 3  
1 . 7  f 0 . 3  
2 . 3  f 0 . 4  
3 . 4  f 0 . 2  
6 . 7  f 0 . 3  


1.07 f 0.01 
0 . 7  f 0 . 2  
1 . 1  f 0 . 4  
1 . 1  f 0 . 1  
1 . 0  f 0 . 1  
0 . 8  f 0 . 2  
0 . 7  f 0 . 3  
1 . 4  f 0 . 3  


1.19 f 0 .08  
0 . 5  f 0 . 1  
0 . 5  f 0 .04  
1 . 4  f 0 . 3  
1 . 1  f 0 . 2  


C 
C 
C 
C 
C 
C r 
I 
C 
C _ _  -- 


2-5 3 . 9  f 0 . 8  1 . 1  f 0 . 3  C 
2 . 8  f 0 . 5  1 . 6  f 0 . 5  C 2-6 


1-2 1 . 8  f 0 . 4  0 . 3  f 0 . 2  I 
1-3 1 . 0  f 0 . 3  1 . 0  f 0 . 3  I 


X I  
X I 1  ( R )  


XI11 ( S )  x IV ( R )  


0 Lower concentrations were calculated using the total body water as a distribution compartment, and upper concentrations were calculated using the total 
Determined extracellular water as a distribution compartment. * Determined by calculation from computer program-(Wilkinson) generated, altered K, values. 


graphically hy Lineweaver-Burk plot ( C = competitive and I = inconclusive). 


though differences in enantiomeric activities on this basis are not 
common; a rather high degree of binding to the blood components 
is required before significant alterations in drug distribution pat- 
terns are observed (45). Nevertheless, two blood components may 
be entertained as potential binding sites, namely, plasma proteins 
and the red blood cells, since both have been implicated to some 
degree in previous studies (43,461. 


Plasma protein binding studies, utilizing a membrane equilibri- 
um dialysis technique (47) and UV spectrophotometric measure- 
ment for concentration assay, were undertaken first. Preliminary 
studies had established that a UV assay was appropriate in terms 
of sensitivity in the concentration ranges expected and because the 
probes showed a conformity to the Beer-Lambert law. Figure 3 il- 
lustrates the nature of the results obtained. Failure to obtain the 
percent bound plateau at  low concentrations as predicted by theo- 
ry (48) is readily explained by the inability of UV spectrophotome- 
try to assay a t  appropriately low concentrations for the agents em- 
ployed as probes in this work. However, the concentration range 
that has been successfully studied is well below the range (Fig. 3) 
regarded as a minimum for an in uiuo EDm-based concentration 
range (44). 


Furthermore, since the objective of the study was to compare 
the differences in binding between (S)- and (R)-enantiomers 
under identical, simulated in uiuo conditions, whether or not mea- 
surements were made at  the theoretical plateau levels became an 
academic question. Therefore, the concentrations employed were 
calculated from the average of the ED% doses of the enantiomeric 
pair using the whole blood volume (44) as an appropriate in uiuo 
distribution compartment (45). The results of the plasma protein 
binding study are recorded in Table 111 and clearly indicate that 
there are no significant differences in binding of the enantiomers; 
therefore, this type of interaction cannot account for the differ- 
ences in neuromuscular junction blocking potency. 


Aside from the question of enantiomeric binding comparisons, it 
was observed that there is a significantly greater binding propensi- 
ty among the phenolic probes than among the nonphenolic ones. 
Since binding is a function of concentration in the range studied, 
Table 111 cannot be used for such a comparison. However, Fig. 4 
shows this difference clearly. This behavior is in accord with obser- 
vations of earlier workers (46) who found similar binding enhance- 
ment in the presence of hydrogen-bonding phenolic or hydroxyl 
groups. 


Binding to red blood cells was studied next. Four of the seven 
pairs of enantiomers under consideration were selected for the 
study and represent all of the structural types present among the 
probes. Thus, I and I1 were representative of the tetrahydroisoqui- 
noliniums, I11 and IV were representative of the N-methyl- 
paviniums, and VII and VIII and XI and XI1 were representative 
of the nonphenolic and phenolic aporphiniums, respectively. Dial- 
ysis, in this case, was not necessary since centrifugation could re- 


move the red blood cells from the sample and produce a clear solu- 
tion suitable for UV analysis. 


The same concentrations used in the plasma protein binding 
study were employed in determining the extent of binding to the 
red blood cells (Table 111). While statistically different binding is 
observed for the enantiomeric cases of I and I1 and XI and XII, it 
would be unreasonable to consider these to have a causal relation- 
ship with the observed (S)- greater than (R)-enantiomeric neuro- 
muscular junction potency differences because the result [ C3) 
bound greater than (R)] is opposite to what would be required. 


Preferential inhibition of acetyicholinesterase by one of the en- 
antiomers, which would presumably tend to offset the neuromus- 
cular junction blocking activity by that enantiomer and thereby 
result in a greater apparent activity for the other enantiomer, was 
the final possibility studied. The pH-stat method (49-52) was cho- 
sen. In this method, the acetic acid produced by enzymatic hydrol- 
ysis of acetylcholine is automatically titrated with base so that the 
pH is maintained at  7.5. 


The enzymatic velocity so obtained was treated by a computer 
analysis2, using the method of Wilkinson (53), to generate K ,  and 
V,,, data having standard deviation error limits associated with 
each value. From these data, the Ki values could be calculated by 
employing simple Michaelis relationships3. Lineweaver-Burk plots 
(54) were also performed to aid in the assessment of the type of in- 
hibition exhibited by these agents. 


The results of these studies are recorded in Table IV. The K ,  
and 'V,, data for acetylcholine indicate that the method is both 
valid [the K ,  being in general agreement with literature values 
(49-51,551 and the VmaX being in exact agreement4] and highly ac- 
curate (the K,,, error limit being only f2% and that for V,,, being 
only fl%). The expansion of these error limits when the inhibitors 
are present implies that the interaction of these agents with the 
enzyme is more complex than that dictated for narrow error range 
limits by the simple mathematical model used in the data regres- 
sion technique. However, the values are accurate enough in that 
they distinguished enantiomeric potency differences in five of the 
seven probe pairs. Also, the agreement between the Wilkinson 
V,, data and the Lineweaver-Burk data strengthens the validity 
of the generated data. 


As expected (56-59), the results indicate that the probes are, 


CDC-6400 computer program. 


X intercept [I1 


altered X K ,  
= 1 + -  


intercept 


4 One unit of acetylcholinesterase hydrolyzes 1 pmole of acetylcholine/ 
min at 25' (Worthington Biochemical Corp.). 
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Table V-Racemic Bases 


Apor- 
phine 


Prep- Race- 
aration mization 
Refer- Time, Overall Literature 


Compound ence hr Yield, % Melting Point Melting Point 


( f ) -Laudanosine 12 
[ ( f ) -1- (3 ',4 '-dimethoxybenzyl) -2-methyl- 
6,7-dimethoxy-1,2,3,4-tetrahydro- 
isoquinoline ] 


( f ) - Salsolidine 20 
[ ( =k)-l, 2-dimethyl-6,7-dimethoxy-1,2,3,4- 


tetrahydroisoquinoline ] 
( f )-N-Methylpavine 
[ (31 )-2,3,8,9-tetramethoxy-N-methyl- 


pavinane ] 
( f ) -Glauc ine  i ( &)--1,2,9,10-tetramethoxyaporphine ] 
( k) -Corydine 
I ( f ) -1-hvdroxv-2.10.11-trimethoxy- 


aporphine 1 
( f ) -1socorydine 
[ (  f)-1,2,10-trimethoxy-ll-hydroxy- 


aporphine ] 
( +)-Boldineil r (  =t) -1.10-dimethoxv-2.9-dihvdroxv- 


17 
18 


83 1 14--116 ' 115-116' (60) 
172 -174" (picrate) 174-175' 
214-216" 215-217" 


(methiodide) 
35 201-202" (picrate) 201-201.5" (61) 


20 134- -138" 139-140" (18) 


21 36 51 134-- 137 137-139' (60) 
22 -- 


22 72 75 164-166" 
226" (.HC1) 


22 125 56 120" (amorphous 


22 125 78 86" (amorphous 


solid) 


solid) 


. ,  
165-167" (62) 
228" (63) 


" I  


aporphine] 


a If the boldine or boldinium-type compounds were left standing in the open for several days, decomposition would occur. Aqueous solutions were even 
leas stable and darkened after a single day. This behavior is in accord with Lhe literature (60). 


mainly only very weak inhibitors of the enzyme, since they show Ki 
values larger than the K ,  value for acetylcholine. The only two ex- 
ceptions are the glauciniums (VII and VIII) and the boldiniums 
(XI11 and XIV), whose K; values are slightly less than the K ,  
value for acetylcholine, but they are still regarded as only weak in- 
hibitors. In general, the nature of this inhibition would appear to 
be largely competitive, as shown by the insignificant alteration of 
the Wilkinson Vmax data and by Lineweaver-Burk plot assess- 
ment. Again, the glauciniums and boldiniums are exceptions and 
probably have a different or mixed mechanism of action. 


The Ki values are generally larger than the appropriate i n  uiuo 
neuromuscular junction ED50 blocking concentrations by a factor 
of nearly 10. This weak inhibitory activity, when coupled with in 
uiuo concentration considerations, indicates that the action of the 
probes on acetylcholinesterase can contribute only insignificantly 
to the overall neuromuscular junction blocking activity observed as 
the gross response to these agents. Nevertheless, such small en- 
zyme interactions possibly could be enough to distort the gross 
neuromuscular junction responses between the (S)- and (R)- enan- 
tiomers if the (S)- and (R)- enantiomer interactions with the en- 
zyme show substantial differences. 


An assessment of this possibility requires a specific examination 
of Table IV in terms of (S)- and (R)-enantiomeric differences. 
Statistically, an (R) > (S) potency relationship exists in four 
cases, (S) > (R) in one case, and (S) = fR) in the remaining two 
cases. Clearly, the definite trend in gross neuromuscular junction 
blocking potency, where the (S)-enantiomers are always more po- 
tent than the (R)- enantiomers, is not so unequivocally approached 
in the anticholinesterase activity series. Therefore, it does not 
seem reasonable to equate the gross enantiomeric differences with 
some causative relationship involving antiacetylcholinesterase en- 
antiomeric potency differences. 


Furthermore, for one of the enantiomeric pairs (I and 11) show- 
ing the most substantial difference in inhibitory potency, the dif- 
ference in gross neuromuscular junction blocking potency is not 
even statistically significant. Similarly, for the enantiomeric pair 
(IX and X) showing the largest gross neuromuscular junction 
blocking potency difference, the inhibitory difference is in the op- 
posite direction [fS) > (R) ]  to that required for the production of 
the gross neuromuscular junction response difference if the differ- 
ence is to be attributed to the difference in enzyme interactions. 
Both of these findings serve to negate further the notion that there 
is a causal relationship between antiacetylcholinesterase enan- 
tiomeric potency differences and gross neuromuscular junction 
blocking enantiomeric potency differences. 


All of the evidence, therefore, implies that the inhibitory activi- 
ty is of too low a potency and is too random in nature to result in 
the observed unequivocal relationship between the (S)- and (R)- 
enantiomers in gross neuromuscular junction blocking potency. 


EXPERIMENTAL5 


Racemic Bases-The preparation of the individual racemic 
laudanosine, salsolidine, and N- methylpavine bases was per- 
formed according to conventional published methods, although 
(+)-glaucine6, (+)-corydine7, (+)-isocorydine7, and (+)-boldines 
were obtained from commercial sources. The latter four com- 
pounds were racemized by the method of Kametani et al. (22), 
using Adam's catalyst under catalytic hydrogenation conditions. 


Table V summarizes the overall yields, physical constants, and 
references for the preparative procedures employed. Trivial 
names, historically assigned, are used for convenience, together 
with a statement of the more complex systematic name. 


Resolution of Racemic Bases-Deracemizption was accom- 
plished through the formation of diastereomeric bitartrate salts 
obtained through interaction of the racemic base with the appro- 
priate (+)- or (-)-tartaric or substituted tartaric acid. With race- 
mic laudanosine, salsolidine, and N- methylpavine, it was neces- 
sary to use both the (+)- and (-)-forms of the tartaric acids; with 
the commercially obtainable, optically active bases, it was neces- 
sary to use only one of them. 


The purity of the resolved bases was maintained a t  a high level. 
Table VI summarizes the yields and physical constants for the en- 
antiomeric pairs and indicates the deracemization techniques em- 
ployed. 


Melting points were determined on a Thomas-Hoover melting-point 
apparatus and are uncorrected. Optical rotations were measured on a Per- 
kin-Elmer 141 polarimeter. Analyses were performed by M-H-W Laborato- 
ries, Garden City, Mich. TLC was conducted on Eastman Chromagram (No. 
6060) sheets in a minimum of three different solvent systems, and visualiza- 
tion was done with both UV lamp and iodine vapor. IR spectra were ob- 
tained as KBr samples with either a Perkin-Elmer 237 B grating IR spec- 
trometer or a Beckman IR 9 spectrometer. UV spectra were determined on a 
Cary 14 recording spectrophotometer. NMR spectra were measured with a 
Varian Associates model A-60D or T-60 NMR spectrometer, using tetra- 
methylsilane as an internal standard. Mass spectral determinations were 
performed by Mass Spectrometry Laboratory Services, Department of 
Chemistry, University of Minnesota, Minneapolis, Minn., using a AEI-MS 
30 mass spectrometer or a Hitachi Perkin-Elmer RMU-6D instrument. 


Pierce Chemical Co., Rockford, Ill. 
Obtained many years ago from Eastman Chemical Co., Rochester, N.Y. 
Nutritional Biochemicals Corp., Cleveland, Ohio. 
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Table VIII-Elemental Analyses 
~ ~~ -~ 


Analysis, % 


Found - Calculated 


Probe Formula C H I N C H I N 


I11 CzzHzJNO4.2HzO 49.54 6.02 23.84 2.63 49.70 5.88 23.64 2.50 
IV 49.67 5.84 23.96 2.55 
V c14HzzINOz 46.28 6.06 34.99 3.86 46.38 5.82 34.82 3.66 


V I  46.16 5.85 35.16 3.69 
IX CziHzJN04.2HZO 48.55 5.78 24.47 2.69 48.10 5.43 23.88 2.50 
X 48.65 5.77 24.67 2.48 


XI1 CziHzJNOa 52.17 5.38 26.29 2.90 52.07 5.13 26.10 2.79 
XI11 CzoHzJN04 51.13 5.11 27.06 2.98 51.09 4.99 26.89 2.77 
XIV 51.10 4.85 27.33 2.76 


Quaternization of Enantiomeric Bases-Simple treatment of 
a methanolic solution of the base with excess methyl iodide was 
the general procedure. In the case of the salsolidines (secondary 
mines), it was necessary to buffer the reaction carefully with sodi- 
um bicarbonate to take up the elaborated hydrogen iodide to per- 
mit complete quaternization. 


Table VTI records the yields and physical constants for these 
final compounds. Elemental analyses for previously unreported 
compounds are recorded in Table VIII. 


Neuromuscular Junction Blocking Bioassay-Male cats, 
2.25-4 kg, were anesthetized by intraperitoneal injection of either 
sodium pentobarbital or allobarbituric acid. The femoral artery 
and vein were exposed by surgery and cannulated. The arterial 
cannula was connected to a force transducerg, which was coupled10 
to a recording polygraphll. An accurate tracing of the animal's 
blood pressure was thus obtained and used to ascertain the general 
condition of the specimen and the depth of anesthesia. Finally, i t  
was used for verification of death which was effected with intrave- 
nous administration of a saturated potassium chloride solution a t  
the completion of the experiment. 
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Figure 4-Relationship of protein binding between different 
drug families. 


Beckman 215071. 
Beckman type 9853 coupler. 


l1 Beckman type R-411 dynograph. 


The venous cannula, intended for drug administration, led 
to a three-way stopcock, which allowed very small volumes of 
probe solutions to be flushed into the animal via another larger 
syringe containing normal saline. A tracheotomy was performed 
and the animal respired comfortably with the assistance of a respi- 
rator12 (16-20 strokedmin; 20-30 ml/stroke). The hypoglossal 
nerve was surgically exposed, and an electrode was placed under 
the nerve so that a supramaximal (1-5 v) square (1-msec duration, 
4.5-sec delay) pulse was given by an electrical stimulator13. The 
tongue muscle was tied with surgical thread leading to a strain- 
gauge t ran~ducer '~  and, via a couplerlo, allowed for muscle-twitch- 
pen-flick recording on the polygraph (Fig. 1). All drug solutions 
were prepared in normal saline, and the administration protocol 
followed the Latin-square method described previously. 
Data Regression-Raw data, as percent decrease from control 


response, were converted to probit values. These values versus log 
dose values were used in a linear regression program to generate 
computer-derived lines having 95% confidence limits associated 
with their error parameters. From the line and error parameters, 
the following computer programmed calculations were performed: 
an EDm with 95% confidence limits, a statistical comparison of the 
slopes between the different drugs, and a comparison between the 
ED60 values in an indirect manner via a statistical comparison of 
the line elevations between different drugs. 


Plasma Protein Binding Assay-The equilibrium dialysis 
setup was identical to that described by Abdel-Monem et  al. (47). 
Plasma proteins were obtained from cat whole blood by using the 
supernate after centrifugation (2000Xg for 20 min at  25O). All so- 
lutions were prepared from isotonic pH 7.4 phosphate buffer solu- 
tion; the drug concentrations are specified in Table 111. 


UV methods were used for the assay of probe concentration in 
the external medium. Appropriate control runs were performed to 
account for drug losses from the external medium due to simple 
dilution and dialysis membrane binding (Fig. 3). Dialyses were run 
for 48 hr (double the time required for equilibrium). The concen- 
tration assay was performed before and after dialysis and the dif- 
ference, after accounting for dilution and membrane binding loss- 
es, was used to calculate the percent bound to plasma proteins. 
Each drug was studied in triplicate, and the data were treated as 
an average value plus or minus an error limit, which would account 
for 100% of the data. 


Red Blood Cell Binding Assay-Red blood cells were obtained 
from cat whole blood by four repetitions of centrifugation (2000 X 
g for 20 min a t  25O), washing with isotonic pH 7.4 phosphate buff- 
er solution, and, finally, dilution with buffer solution to approxi- 
mately the same volume of whole blood from which they were ob- 
tained. The red blood cell solutions and drug solutions were equili- 
brated for 8 hr (double the time required for equilibration); then 
the red blood cells, with bound drug, were removed by centrifuga- 
tion. The probe concentrations employed are specified in Table 
111. 


UV assays were used to determine probe concentration before 


12 Harvard appareus respirator for small animals. 
l3 Grass S44. 
14 Statham model UC-3. 
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and after equilibration. The difference, after accounting for dilu- 
tion effects, was used to calculate the percent of probe bound to 
the red blood cells. Each probe was studied in triplicate, and the 
data were treated in exactly the same manner as for the plasma 
protein binding study. 


Acetylcholinesterase Inhibition Studies-The pH-stat 
method was previously described (49-52). Experiments were per- 
formed with an automatic titrator15 with recording features. Each 
run employed 0.35 unit4 of eel acety1cholinesterasel6. Five con- 
centrations of acetylcholine chloride”, varying from 1.0 to 5.0 X 


M, were used as substrate. The titrant solution was 0.0005 N 
NaOH solution. 


Three inhibitor concentrations were used with at  least four sub- 
strate concentrations so that a minimum of 12 runs was performed 
for each probe. Inhibitor concentrations were in the range of 2-15 
X M and were such that an observable decrease in enzymatic 
velocity was obtained. All solutions were prepared from doubly 
distilled deionized water and contained 0.02 M MgClz and 0.1 M 
NaC1. The enzyme solution also contained 0.005% bovine serum al- 
bumin. 


All runs were performed at  28O. Aqueous hydrolysis of acetyl- 
choline (51) was found to be insignificant, as was the need for a 
stream of nitrogen (50) in the rgaction vessel. The data regression 
is described under Biology. 
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Stereochemical Preferences for Curarimimetic 
Neuromuscular Junction Blockade 11: 
Enantiomeric Bisquaternary Amines as Probes 


ALMOURSI A. GENENAH *, TAITO 0. SOINE x, and NADIM A. SHAATH 


Abstract 0 Two pairs of bisquaternary enantiomeric neuromuscu- 
lar junction blocking agents as well as their diastereomeric meso - 
forms were prepared in which the carbon asymmetry is adjacent to 
the quaternary center. The tertiary amines from which the block- 
ing species were obtained by methyl iodide treatment were N - 
methylpavine and l,l’-dodecamethylenebis(6,7-dimethoxy-2- 
methyl-1,2,3,4-tetrahydroisoquinoline). Blocking potencies were 
determined by the mouse inclined screen assay and by the cat 
tongue-hypoglossal nerve technique. The mouse assay showed no 
statistical difference between the enantiomeric probes derived 
from N -methylpavine and only a modest superiority of the (R-R) 
isomer over the (S-S) isomer in the case of the tetrahydroisoqui- 
noline compounds. The cat assay showed a modest statistically sig- 
nificant (R-R) > 6-S) difference in potencies in both kinds of 
probes. The diastereomeric meso -compounds were less active than 
the enantiomers in mice but were of intermediate activity in the 
cat determination. Acetylcholinesterase-inhibiting activity was de- 
termined for each probe to discount potency differences from this 
source, and no significant differences in blocking potency attribut- 
able to preferential enzyme inhibition by the probes were noted. 


Keyphrases 0 Curarimimetic neuromuscular junction blockade- 
stereochemical preferences, enantiomeric bisquaternary amines 
as probes 0 Neuromuscular junction blockade, curarimimetic- 
stereochemical preferences, enantiomeric bisquaternary amines 
as probes 0 N-Methylpavine (enantiomeric bisquatemary amines) 
-probes for stereochemical preferences for curarimimetic neuro- 
muscular junction blockade 0 l,l’-Dodecamethylenebis(6,7-di- 
methoxy-2-methyl-l,2,3,4-tetrahydroisoquinoline (enantiomeric 
bisquatemary amines)-probes for stereochemical preferences for 
curarimimetic neuromuscular junction blockade 


The initial report (1) from these laboratories con- 
cerning the possibility of stereochemical preferences 
being exhibited at the neuromuscular junction 
toward nondepolarizing blocking agents of the curare 
type was concerned with several monoquaternary en- 
antiomeric probes derived from alkaloids related to 
tetrahydroisoquinoline. These studies examined the 
possibility that the exclusive, but modest, (S) > (R) 
(about 1.8:l) blocking potency difference shown by 
the cat assay could have been due to stereopreferen- 


tial binding of the probes by blood components andl 
or by stereoselective acetylcholinesterase inhibition 
since other factors such as absorption, excretion, and 
metabolism differences were unlikely due to the 
rapid onset of block. The blood binding studies on 
both plasma protein and red blood cells indicated a 
low order of binding and a reversed order from that 
which might account for potency differences. The 
stereoselective inhibition of acetylcholinesterase, 
while it had the correct orientation in some cases, was 
of such a low order of activity and so random in its 
focus that it could not be seriously considered as 
causal for the observed potency differences. 


DISCUSSION 


Since neuromuscular junction blockers have traditionally been 
thought of as bisquaternaries, in spite of the recent disclosure that 
(+)-tubocurarine is actually a monoquaternary (2), it seemed ap- 
propriate to test neuromuscular junction stereochemical prefer- 
ences on these types to see whether the preferences determined for 
monoquaternaries extended to the bisquaternaries. Unpublished 
observations in these laboratories had shown that quaternization 
of (f)-N-methylpavine (I) with 1,lO-diiododecane produced a po- 
tent neuromuscular junction blocking agent (11) comparable in ac- 
tivity to (+)-tubocurarine. Therefore, the enantiomeric forms (IIa 
and IIb of this quaternary blocker as well as the meso -form (IIc) 
were considered to be suitable probes in the determination of 
stereochemical preferences at  the neuromuscular junction for 
blocking agents. 


Stereochemical preferences can only be considered valid when 
made between enantiomeric forms since diastereomers have differ- 
ent physical and chemical properties whereas enantiomers only 
differ in rotatory effect on polarized light. On the other hand, the 
fact that enantiomers may be operating in an asymmetric biologi- 
cal environment necessitates giving attention to preferential plas- 
ma protein and/or red blood cell binding as well as to stereoprefer- 
ential acetylcholinesterase inhibition. Previous studies (1) demon- 
strated that blood components probably need not be considered as 
causal for differences in activity. However, acetylcholinesterase in- 
hibition cannot be ruled out as a possible factor, even though it 
was inoperative in the case of the monoquaternaries, because it is 
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Pharmacokinetics of Carbamazepine in 
‘Monkeys following Intravenous and 
Oral Administration 


R. H. LEVYx, J. S. LOCKARD, J. R. GREEN, 
P. FRIEL, and L. MARTIS 


Abstract 0 The pharmacokinetics of carbamazepine were evalu- 
ated in four male rhesus monkeys. A 20-mgkg dose was adminis- 
tered by intravenous (5-min) infusion and orally (nasal-gastric in- 
tubation) in a propylene glycol-ethanol-water solvent. Plasma and 
urine determinations were performed by GLC. All semilogarithmic 
intravenous curves exhibited an irregular decay behavior in the 
first 3-hr period, followed by a linear disappearance phase (Ti /z  = 
1.0-2.4 hr). Urinary excretion measurements confirmed the short 
elimination half-life and showed that less than 1% of the dose was 
excreted unchanged. Oral studies also yielded a short elimination 
half-life (1.0-1.60 hr), which was confirmed by urinary excretion 
measurements. The oral curves were analyzed pharmacokinetical- 
ly. The fraction of the dose reaching the systemic circulation 
ranged between 58 and 87%. Measurable (but insignificant) 
amounts of drug were found in the feces after intravenous and oral 
administrations. 


Keyphrases Carbamazepine-pharmacokinetics, intravenous 
and oral administrations,. monkeys 0 Pharmacokinetics-car- 
bamazepine, intravenous and oral administrations, monkeys 
IJ Disposition-carbamazepine, acute intravenous and oral doses, 


monkeys 


Carbamazepine, an iminostilbene derivative, is 
presently the drug of choice for the treatment of tri- 
geminal neuralgia (1). Similarly to diphenylhydan- 
toin, which is occasionally used for trigeminal neural- 
gia, it inhibits posttetanic potentiation (2). Following 
its pharmacological testing, which showed marked 
anticonvulsant properties in animals (3), it was used 
in a series of clinical trials as an antiepileptic drug, 
mostly in Europe and Australia (4-7). Carbamaze- 
pine has drawn special attention since several inves- 
tigators reported that it possesses comparatively less 
sedative effects than other anticonvulsants and that 
it produces a “positive psychotropic effect” (8). It is 
currently under investigation in the United States 
(9). 


Studies on its metabolic fate in animals or humans 
recently appeared (10, ll), but much less information 
has been accumulated regarding its pharmacokinetic 
properties (12, 13). The present studies were under- 
taken to study the disposition of carbamazepine in 
the monkey following acute intravenous and oral 
doses of the drug. 


EXPERIMENTAL 


Materials-Carbamazepine’ and cyheptamide2, the internal 
standard in the GLC assay, were used. All solvents used were re- 
agent grade. 


Subjects-Four male adolescent rhesus monkeys (Macaca mu- 


] Geigy Pharmaceuticals, Ardsley, N.Y. 
Ayerst Laboratories, New York, N.Y. 


Table I-Pharmacokinetic Parameters of Carbamazepine 
Obtained after Intravenous Administration 


Tota l  
Body 


Experi- tion Half- Vd, liter/ liter/ 


Volume of Plasma 


ment  Animal Life, hr kg k / k g  


Elimina- Distribution, Clearance, 


P1 M 1  1 . 2 0  0 .883  0.51 
P 2  M 1  1 .04  0.885 0 . 5 9  ~~ 


P3 M 2  1 . 0 0  0.722 0 . 5 0  
P 4  M 2  1 . 5 0  0.959 0 . 4 3  
P5 M 3  2 . 3 8  1.580 0.46  
P6 M 4  1 . 2 2  0.968 0.55 


latta), 3-5 kg, were used. The monkeys were adapted to primate 
restraining chairs but housed in individual cages between experi- 
mental days. 


Drug Administration-Drug Solution and Dosage-Carbam- 
azepine has a very low water solubility in a relatively wide pH 
range. Therefore, it  was put into solution in a 50% propylene gly- 
col, 20% ethanol, and 30% water mixture a t  a concentration of 10 
mg/ml. Propylene glycol and water without ethanol did not main- 
tain the carbamazepine in solution at  room temperature; carbama- 
zepine tended to crystalize out at concentrations less than 20% 
ethanol. A compatible sterile solution without the drug but with 
the same percentages of propylene glycol, ethanol, and water was 
used for flushing the infusion tube. 


All experiments (intravenous and oral) were performed a t  one 
dose level, 20 mg/kg. This dose (which corresponds to the upper 
dosing range in patients) was well tolerated by the monkeys and 
yielded easily quantifiable plasma concentrations. 


Procedure-A monkey was placed in a carrying holder a t  the 
start of an experimental day (8 am) before the animal’s daily feed- 
ing period. (The lower ektremities, dorsally from the calf to the 
ankle, were shaved to emphasize the small saphenous veins and 
branching collaterals.) 


In preparation for the drawing of blood samples, a 21-gauge nee- 
dle of a heparin lock (intermittent infusion set with reseal injec- 
tion site) was inserted into the small saphenous vein of one leg. 
The needle, butterfly tab, and junction of the trailing polyethylene 
tubing were sutured to the skin to secure the infusion set at four 
points. The animal was then employed in either an intravenous or 
oral experiment. 


Intravenous Experiment -After the heparin lock was posi- 
tioned and while the monkey was still in the carrying holder, a 21- 
gauge butterfly needle with tubing was inserted into the small sa- 
phenous vein of the other leg for drug infusion. 


Unless otherwise indicated, carbamazepine was infused at a con- 
stant rate over 5 min, followed immediately by 2 ml of flushing so- 
lution. Subsequent to the initial three blood samples, the animal 
was placed in a primate chair and food and water were made avail- 
able. 


Oral Experiment (Nasal-Gastric) -At least a week intervened 
between the intravenous and oral experiments. After the heparin 
lock was secured, the animal was placed in a primate restraining 
chair and intubated nasally with a polyethylene, 38-cm (15-in.) 
gastric tube. The drug solution was injected directly into the stom- 
ach, followed immediately by 2 ml of flushing solution. The animal 
was not fed until 4 hr after drug administration; water was allowed 
ad libitum. 
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15 Table 11-Urinary Excretion of Unchanged Carbamazepine 
following Intravenous and  Oral Administrations 
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Figure 1-Plasma concentration-time curves resulting from a 
5-min intravenous infusion of carbamazepine (20 mg/kg) .  
Key: A, Monkey MI; B, Monkey M2; and C, Monkey M4. 


Blood and Excreta Samples-Eleven to 14 blood samples were 
collected over 24 hr in both intravenous and oral experiments. Be- 
fore obtaining each sample, a needle was inserted into the heparin 
lock. Then 0.2 ml of heparin was injected into the saphenous vein, 
and 5-10 drops of blood were allowed to drip until the viscosity 
and color of the blood were regular. 


The blood (1.5-2 ml) was collected in a 3-ml vial containing po- 
tassium ethylene diaminetetraacetic acid (EDTA) and potassium 
sorbate. After each sample, the heparin lock was refilled and the 
blood was centrifuged (2000 rpm) for approximately 10 min. The 
plasma was transferred to  another container, capped, coded, and 
frozen at  -15" until assayed. 


Urine was sampled from 0 to 48 hr and feces from 0 to  96 hr. 
Urine was collected in screened dropping pans, which prevented 
contamination by feces. The feces were collected in bags taped to 
the monkey buttocks bars. The stomach plate of the primate chair 
had underarm supports, which prevented a monkey from pivoting 
and contaminating its feces with urine. 


The volume of urine at  each scheduled collection was recorded. 
After mixing, a sample of approximately 2 ml was placed in a vial, 
capped, coded, and frozen at  -15'. The gram weight of each 
scheduled feces collected was recorded, and the total amount was 
placed in a container, capped, coded, and frozen at  -15'. 


Plasma, Urine, and Feces Assays-All plasma determinations 
were made by the GLC procedure of Friel and Green (14) where 
carbamazepine is assayed directly, using cyheptamide as an inter- 
nal standard. One milliliter of undiluted urine samples was ex- 
tracted and chromatographed in the same manner as plasma sam- 
ples. 


Feces were weighed, diluted approximately 15 (w/v) with dis- 
tilled water, and homogenized manually. Then an aliquot (1-15 ml, 
representing 0.24.0 g dry fecal weight) was transferred to a 40-ml 
glass-stoppered centrifuge tube, and 5 pg of cyheptamide, 2 ml of 
phosphate buffer (pH 7.2), and 15 ml of chloroform were added. 
The mixture was shaken manually for 2 min and centrifuged. The 
chloroform layer was removed and filtered into a centrifuge tube, 
and the chloroform extract was evaporated to dryness in a water 
bath a t  50" under a gentle stream of air. The remainder of the ex- 
traction procedure was identical to that used for plasma and urine 
samples, i.e., cyclohexane wash, reextraction into chloroform, and 
evaporation. 


Percent of Dose Excreted 
i n  Time Period 


Experi- 
ment  Animal 0-8 hr 0-24 hr  0-48 hr  


P1 ~~ 


P3 
P 4  
P5 
P 6  
P7 
P8 
P9 
P10 
01 
0 2  
03 
0 4  
0 5  


M1 
M 2  
M 2  
M3 
M 4  
M3 
M i  
M 4  
M2 
MI 
M2 
M3 
M4 
M 2  


0.09 
0.38 
0.24 
0 . 1 7  
0 .31 
0 .073  
Trace 
0 . 4 6  
0.12 
0 . 3 7  
0 . i 7  
0.06 
0 . 1 5  
0 . 0 6  


0 .13  
0 .39  
0.45 
0 . 1 9  
0 . 4 6  
0.083 
Trace 
0 .48  
0.25 
0 . 4 7  
0.17 
0.11 
0.15 
0.08 


0 .59  
- 


- 
- 


0.102 


0 .68  
- 


- 


- 
0 .15  
0.09 


Calibration curves constructed from spiked monkey plasma, 
urine, and feces were run with each set of unknown samples. They 
were linear in the range examined (2-16 pg). Recoveries (relative 
to aqueous standards) for plasma, urine, and feces were 97, 109, 
and 101%, respectively. Precision values obtained from a set of du- 
plicate determinations were 4.9, 3.9, and 4.8% for plasma, urine, 
and feces, respectively. 


RESULTS AND DISCUSSION 


Kinetics following Intravenous Administration-The plas- 
ma concentration-time curves obtained following intravenous ad- 
ministration of carbamazepine to Monkeys M1, M2, and M4 (Ex- 
periments P1, P4, and P6, respectively) are shown in Fig. 1. The 
intravenous curves present several peculiarities. Each semilog- 
arithmic curve is generally composed of two regions: an initial por- 
tion with atypical decay followed by a linear portion with an ap- 
parent first-order disappearance where a half-life measurement 
can be made. 


Table I gives the pharmacokinetic parameters obtained from all 
intravenous experiments. The elimination half-lives were obtained 
from a nonlinear least-squares fit of the terminal monoexponential 
portion of each curve. For each curve the number of points used in 
the fit was maximized while the corresponding increase in sum of 
squares was minimized. The data in Table I show that carbama- 
zepine is rapidly eliminated from the systemic circulation, i ts  bio- 
logical half-life ranging between 1 and 2.5 hr. These results are in 
agreement with the values of 55-75 min recently reported for the 
half-life of carbamazepine in monkeys (13). 


The atypical postinjection decay of carbamazepine does not per- 
mit an unequivocal assessment of the most appropriate phar- 
macokinetic model. Total body clearance was computed from the 
ratio of dose to area under the plasma concentration-time curve 
(calculated by the trapezoidal rule), and the volume of distribution 
was derived from the total body clearance and elimination half-life 
(Table I). 


Table I1 gives the results of urinary excretion measurements 
performed during all intravenous experiments (PI and P3-P10). 
Carbamazepine is probably extensively metabolized since less than 
1% of the dose can be recovered unchanged in urine after more 
than 10 half-lives. These findings concur with a 1% urinary recov- 
ery found previously (13). 


Table I1 also shows that in most instances the majority of the 
total fraction excreted unchanged appears in the first 8 hr, sub- 
stantiating the rapid elimination found from plasma data. In a few 
instances (Experiments P4 and PlO), the fraction excreted in the 
first 8 hr is approximately 50% of the total fraction excreted un- 
changed. The irregularity in frequency of micturition (a collection 
time interval labeled 0-8 hr can in fact correspond to a much 
shorter excretion time period) may account for this observation. In 
Experiments P1 and P9, there appears to be appreciable excretion 
within the 2P48-hr interval. However, too few 2P48-hr collec- 
tions were obtained to assess the significance of this finding. 
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Figure 2-Plasma levels of carbamazepine resulting from an 
intravenous infusion of 20 mg/kg in  Monkey M2. Key: A, 20- 
min infusion, solvent of propylene glycol-ethunol-water; B,  
5-min infusion, solvent of polyethylene glycol 400-water; and 
C, 20-min infusion, solvent of polyethylene glycol 400-water. 


The unusual pharmacokinetic behavior of carbamazepine in the 
first 2 hr after intravenous administration is not explained easily. 
In view of its very low water solubility, the possibility exists that 
the plasma level irregularities are related to a phenomenon of drug 
precipitation in plasma followed by redissolution. Two approaches 
were used to test this hypothesis. Since the drug was infused over a 
relatively short time (5 min) in all intravenous experiments shown 
in Fig. 1, it was decided to infuse the same volume of drug solution 
over 20 min in Monkey M2 (Experiment P10) for which two intra- 
venous curves were already available (Experiments P3 and P4). 
Plasma samples as well as urine and feces were collected and as- 
sayed. The resulting plasma concentration-time curve is shown in 


Table 111-Excretion of Carbamazepine in Feces following 
Intravenous and  Oral Dosing 


Experi- 
Amount Excreted in  Time Period, pg 


ment Animal 0-8 hr 8-24 hr 24-48 hr 48-96 hr 


P1 M1 11.2 Trace Trace 
P4 M2 16.2 7 . 8  27.6 
P7 M 3  A Tracea 4 .5  ~~ ~ 


< 7 . 0  <7.5 
- 


P9 M4 14.9 
P I 0  M2 8.4 8 .4  
01 M1 18.5 6 . 3  Trace 
03  M 3  1 . 6  1.3 Trace ~~ 


0 4  M 4  ---+ Tracea Trace 
0 5  M 2  13.8 113.7 7 .7  
0 6  M1 - 3.8b 6 .6  


0-24-hr sample. b 0-48-hr sample. 
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Figure 3-Plasma concentration-time curve resulting from 
intragastric intubation of carbamazepine (20 mglkg) in Monkey 
M I .  Continuous line is the least-squares fit to a biexponential 
equation (Scheme I); dotted line is  the least-squares fit to a 
triexponential equation (Scheme ZZ) . 


Fig. 2 (curve A), where the time scale has been expanded to illus- 
trate the postinjection phenomenon. When this curve is compared 
to the initial portion of the curves in Fig. 1, it becomes apparent 
that the pattern is quite similar. 


There is still another possibility within this hypothesis of drug 
precipitation, namely, that the observed phenomenon is related to 
the solvent mixture used to dissolve carbamazepine. To test this 
possibility, a new solution of carbamazepine was prepared (at the 
same concentration) in an equal weight mixture of polyethylene 
glycol 400 and water. The same dose and volume administered in 
all the previous intravenous experiments were administered to 
Monkey M2 over a 5- (Experiment P11) and 20- (Experiment P12) 
min constant infusion period (Fig. 2, curves B and C, respectively). 
The pattern observed here is similar to those obtained in Experi- 
ments P3, P4, and P10. Therefore, changing both the solvent mix- 
ture and the infusion time did not eliminate the postinjection plas- 
ma level fluctuations. 


Another series of experiments was undertaken to investigate the 
nature of the plasma level fluctuations in the postinjection period. 
Feces were collected (three times during 48 hr) during Experi- 
ments P1 and P4 and assayed for unchanged drug (Table 111). It 
was found that the first 8-hr samples contained 11 and 16 pg of 
drug for Experiments P1 and P4, respectively. In the latter experi- 
ments, 8 and 28 pg of drug were measured in the following 16- and 
24-hr samples, respectively. 


To confirm these findings, similar intravenous experiments were 


Table IV-Pharmacokinetic Parameters of Carbamazepine 
Obtained after Oral Administration 


EX: Physiologi- 
peri- K a ,  K,, cal Avail- 
ment  Animal A hr-1 hr-1 ability, % 


01 53 0.764 0.619 58.4 
0 2  M1 M2 200 0.483 0.455 86.6 
03  200 0.467 0.434 75.2 
0 4  M4 M3 472 0.582 0.568 65.0 


One-Compartment Model 
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Figure 4-Plasma concentration-time curve resulting from 
intragastric intubation of curbamazepine (20 mglkg) in Mon- 
key M2.  Continuous line is the least-squares fit to a biexponen- 
tial equation (Scheme. 11); dotted line is the least-squares f i t  
to a triexponential equation (Scheme I ) .  


performed in each animal and the results show measurable quan- 
tities of drug in the feces a t  various times (Table 111). These find- 
ings support the hypothesis that carbamazepine undergoes entero- 
hepatic cycling in the monkey under the present experimental con- 
ditions. Hence, it is possible that the characteristic fluctuations 
observed in the 60-90-min period postinjection are caused by reab- 
sorption of the drug after secretion in the bile and emptying in the 
duodenum. (In addition, food ingestion could influence this phe- 
nomenon.) 


However, it is not possible to assess the fraction of the dose 
cycled from the amount of drug measured in the feces, since that 
amount represents only the portion of the fraction cycled that was 
not reabsorbed. This phenomenon will be discussed further. En- 
terohepatic cycling has also been suggested in humans (15). 


Kinetics following Oral Administration-Since no informa- 
tion could be gathered from the intravenous data regarding the 
type of model that describes the pharmacokinetic behavior of car- 
bamazepine in monkeys, it was decided to approach the kinetic 
analysis of oral data using the one-compartment open model with 
absorption (Scheme I). 


FD 


Scheme I 


The integrated expression for the one-compartment model is of 
the form: 


where K, and K ,  are the first-order absorption and elimination 


1 2  I 


K,, I F D  


Scheme II  


rate constants, respectively, and A is a function of K,, K,, v d  (vol- 
ume of distribution), and the fraction of the dose absorbed FD. Ac- 
cordingly, the oral data were fitted to a biexponential equation 
with weighting factors of 1 and 1/C, using a nonlinear least- 
squares program3 (16). (Initial estimates of the parameters were 
obtained using a log-peeling technique.) 


Table IV gives the pharmacokinetic parameters obtained for 
weighted data (reciprocal weighting gave a lower sum of squares, 
with improved fit a t  the tail end of the curve). However, these pa- 
rameters are empirical equation parameters rather than unique 
model parameters because of the closeness of values of K,  and K,. 
Nevertheless, the elimination half-lives calculated from these pa- 
rameters are in good agreement with those obtained after intrave- 
nous administration (Table I). Figures 3-6 show that an adequate 
fit is obtained for Monkeys M1 and M3 but not for M2 and M4. 
Hence, a two-compartment model with absorption was also consid- 
ered (Scheme 11)(17). 


It was found that in all four instances the data points could be 
adequately fitted to a triexponential equation of the form: 


J 


C = Ale-"'" (Eq. 2) 


where A; is a function of the fraction of the dose absorbed, FD, the 
volume of distribution of Compartment 1, V,, and the various 
first-order rate constants, K,, K l z ,  K21. K I ~ ;  and mi is only a 
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Figure 5-Plasma concentration-time curve resulting from 
intragastric intubation of carbamazepine (20 mglkg) in Mon- 
key M3.  Continuous line is the least-squares fit to a biexponen- 
tial equation (Scheme I ) ;  dotted line is the least-squares fit 
to a triexponential equation (Scheme I I ) .  


On a CDC 6400 computer. 
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Figure 6-Plasma concentration-time curve resulting from 
intmgastric intubation of carbamazepine (20 mglkg) in 
Monkey M4. Continuous line is the least-squares fit to a bi- 
exponential equation (Scheme I); dotted line is the least-squares 
fit to a triexponential equation (Scheme 11). 


function of the first-order rate constants. For Monkeys M2 and 
M4, the latter fit was more adequate than that previously obtained 
with Eq. 1. 


An attempt was made to calculate the parameters of the two- 
compartment model from the equation parameters, but it was not 
possible to obtain reliable model parameters. The parameters a 
and K,  could not be distinguished from each other because of the 
lack of prior information from intravenous data; therefore, K2 1, 


Kl2,  and K13 could not be computed. Also, the parameters Ai 
and mi had large standard deviations. Furthermore, the fact that 
several factors such as initial estimates, weighting function, and 
number of data points altered drastically the values of the parame- 
ters (and their standard deviations) further warned of their unreli- 
ability. These and other aspects of the (questionable) reliability of 
model parameters obtained by nonlinear least-squares fitting pro- 
cedures were discussed (18), and a more recent review of this 
subject has also appeared (19). 


Wagner-Nelson plots were constructed to gain a better under- 
standing of the absorption process. However, the usual approach 
of obtaining K ,  (from the terminal portion of the oral curve) could 
not be used in the present case because of the closeness of the ab- 
sorption and elimination rate constants. Thus, for each animal the 
elimination rate constant obtained from intravenous data was uti- 
lized in the calculation of percent absorbed uersus time plots. The 
log percent unabsorbed uersus time plots yielded straight lines for 
all four animals (Fig. 7), and the corresponding absorption half- 
lives (0.52-1.16 hr) were somewhat shorter than those obtained 
from curve fitting to Eq. 1. 


Physiological availability was calculated from the ratio of areas 
under the plasma concentration-time curves obtained after oral 
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Figure ?-Semilogarithmic plot of percent drug remaining to 
be absorbed versus time constructed according to Scheme T 
(Monkey Ml) .  


and intravenous administrations. The values obtained (58-87%) 
indicate incomplete systemic availability for this particular formu- 
lation (Table IV). The incomplete bioavailability could be attrib- 
uted to one or more of several possibilities. Incomplete absorption 
appears unlikely since concomitant measurements of unabsorbed 
drug in feces revealed less than 1% of the dose (Table 111). The 
possibility of a “first-pass” effect was considered (20). The fraction 
of the oral dose appearing in the systemic circulation, 8, was calcu- 
lated from metabolic clearances and rhesus monkey liver blood 
flow data (21). The values of 8 ranged between 0.87 and 0.85, indi- 
cating that this hypothesis could reasonably account for incom- 
plete availability. Also, if non-first-order enterohepatic cycling 
were present, the method used to measure physiological availabili- 
ty would become invalid. Metabolism of carbamazepine in the gut 
or in the gut wall would also contribute to incomplete systemic 
availability. Consequently, a definitive assessment of the physio- 
logical availability of carbamazepine in monkey must await further 
study. 


Urinary excretion measurements were also performed during the 
oral studies (Experiments 01-05, Table 11). The data confirm the 
findings of the parented studies that less than 1% of the dose ap- 
pears unchanged in urine and that most of it appears in the first 
8-hr collection. 
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New Color Reaction for Determination of 
Bacitracin in Ophthalmic Ointments 


J. DOULAKAS 


Abstract A colorimetric method was developed for the rapid 
analysis of bacitracin in ophthalmic ointments. The method in- 
volves the oxidation of a-aminocarboxylic acid with sodium hypo- 
bromite in an alkaline medium and condensation of the resulting 
aldehyde with phloroglucinol in concentrated hydrochloric acid to 
yield a pink color which gives an absorbance maximum at 505 nm. 
The relationship between absorbance and the quantity of bacitra- 
cin reacted obeyed Beer’s law over the 15-100-pg/ml concentration 
range studied, and the produced color was stable for several hours. 
Furthermore, the method, which can be applied directly to the 
aqueous dissolution sample, gave results comparable to the official 
microbiological analytical procedure. The standard deviation is 
equal to f1.81%. 


Keyphrases Bacitracin-colorimetric analysis in ophthalmic 
ointments Ophthalmic ointments-colorimetric analysis of baci- 
tracin Ointments, ophthalmic-colorimetric analysis of bacitra- 
cin Colorimetry-analysis, bacitracin in ophthalmic ointments 


Although numerous microbiological methods (1-9) 
have been reported for the determination of bacitra- 
cin, the chemical analysis of this antibiotic in dosage 
forms has been a difficult task. The current widely 
accepted procedure for the determination of bacitra- 
cin employs a microbiological assay. In general, this 
procedure requires considerably more time than do 
chemical methods. For this reason, it was thought de- 


sirable to develop a chemical assay for the antibiotic 
in the hope of achieving rapid results with greater ac- 
curacy and precision. UV spectrophotometry, be- 
cause of the very low absorbance of bacitracin, can be 
used for identification purposes rather than for a 
quantitative determination (10, 11). 


Stretton et al. (12) reported the separation of zinc 
bacitracin, neomycin sulfate, and polymyxin B sul- 
fate by various chromatographic procedures. They 
worked with the pure antibiotics and determined 
them colorimetrically, using a ninhydrin reagent, ac- 
cording to Maehr and Schaffner (13), after previous 
electrophoretic separation. 


A simpler and shorter approach seemed to  be one 
which might take advantage of the lability of the 
aminocarboxylic groups toward oxidation. Since 
these groups can be oxidized to the aldehyde (14) by 
sodium hypobromite fairly readily and further con- 
densed with phloroglucinol (15)) it was anticipated 
that this technique could be employed for a quantita- 
tive assay of bacitracin. 


In the present investigation, it was found that bac- 
itracin could be quantitatively determined by 
employing a colorimetric technique. The procedure is 
based upon heating the antibiotic with alkali sodium 
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Viscosities of Acacia and Sodium Alginate after 
Sterilization by Cobalt-60 


ALAN W. HARTMAN, RUSSELL U. NESBITT, Jr.,F. MAURIECE SMITH, and 
NOEL 0. NUESSLE" 


Abstract Acacia and sodium alginate powders were sterilized by 
cobalt-60 irradiation to a total dose of 2.5 Mrad with no increase in 
residual radioactivity of the gums as a result of the treatment. Vis- 
cosity measurements showed an 11% reduction in the viscosity of 
acacia in water and a 16% decrease in the intrinsic viscosity in bar- 
ium chloride solution due to the irradiation. Viscosities of sodium 
alginate solutions in 0.1 N sodium chloride showed a 70% decrease 
in intrinsic viscosity, indicating changes in the molecular structure 
corresponding to degradation to 30% of the original degree of poly- 
merization. This dose of y-radiation from cobalt-60 is not an ap- 
propriate method of sterilization for these gums. 


Keyphrases 0 Acacia-viscosity changes after sterilization by 
cobalt-60 0 Sodium alginate-viscosity changes after sterilization 
by cobalt-60 0 Irradiation, cobalt-60-effects on viscosity of acacia 
and sodium alginate 0 Sterilization, cobalt-60-effects on viscosi- 
ty of acacia and sodium alginate 


Acacia, a dried exudate from species of Acacia, ob- 
tained by tapping the trees, is frequently sun 
bleached and sorted on the ground. Acacia consists 
primarily of a mixture of arabic acid salts which, on 
hydrolysis, yields L-arabinose, L-rhamnose, D-galac- 
tose, and glucuronic acid. Sodium alginate is extract- 
ed from brown seaweed by aqueous alkali and con- 
sists of a polymer of D-mannuronic and L-guluronic 
acids. Both of these vegetable gums, natural plant 
hydrocolloids, are subject to microbial attack and, 
because of their nature and method of production, 
contain microbes capable of causing spoilage of prod- 
ucts incorporating them. 


DISCUSSION 


The primary use of these gums is to increase viscosity of aque- 
ous systems. Solutions of gums, as with other high polymers, ex- 
hibit a great increase in viscosity over that  of the solvent alone 
even when the concentration of the gum is small. It was suggested 
(1, 2) that  viscosity could be quantitatively correlated to the mo- 
lecular weight (M) of the polymer according to: 


[TI= K M  0%. 1) 


where [q] is the intrinsic viscosity, and K is a constant. This equa- 
tion was later modified (3,4) to the following expression: 


[ q ]  = K'M" ( 4 . 2 )  


where K' and a are also constants. Since these equations are based 
on empirical findings, this is not an absolute method for obtaining 
molecular weights. The method must be established for each par- 
ticular polymer-solvent system a t  a definite temperature by refer- 
ence to some other absolute method of molecular weight determi- 
nation. Furthermore, the method is only applicable to linear poly- 
mers. Capillary viscometers are generally used, and the results are 
expressed as relative viscosity, qr: 


q r  = s/?o (Eq. 3) 


where q is the viscosity of the polymer solution, and qo is the vis- 


Table I-Viscosity of Aqueous Acacia Solutions at 30'- 


Concen- 
t ra t ion,  Nonirradiated,  I r radiated,  Change, 


g/100 ml CPS CPS % 
_ _ _ _ _ _ ~  ~~~ ~ ~~ 


2 1 . 7 0 7  f 0 . 0 2 1  1 . 5 4 6  f 0 . 0 1 5  - 9 . 4 3  
5 2 .749  f 0.033 2 . 4 4 8  k 0.018 -10 .95  


10 4 . 9 5 5  f 0 . 0 7 6  4 . 4 0 8  f 0.033 -11.04 


a Mean and relative standard derivation of five determinations. 


cosity of the solvent. The older nomenclature is used here since the 
present work is based on the older literature. However, in deter- 
mining the molecular weight, several other viscosities are used: 


specific viscosity = qsp = (q - qo)/qo 
reduced viscoeity = sled = ssp/c 
intrinsic viscosity = [ q] = (q.p/c)c - o  


(Eq. 4)  
(Es. 5) 
(Eq 6) 


0%. 7) 
and: 


[sl = [On rlr)/clc-o 


where c is equal to grams of polymer/100 ml of solution. In effect, 
molecular weights are related to the reduced viscosity a t  infinite 
dilution. At finite concentrations of polymer, the reduced viscosity 
is increasingly dependent on concentration as the concentration 
increases. T o  obtain the intrinsic viscosity, one extrapolates t o  zero 
concentration both a plot of qBp/c uersus concentration and a plot 
of (In qr ) / c  uersus concentration. The midpoint of the two inter- 
cepts is the intrinsic viscosity. 


To obtain the constants in Eq. 2, the log of [ q ]  is plotted versus 
the log of the molecular weight of various fractions of the polymer 
(5). The slope of the linear relationship is equal to a and the inter- 
cept is K'. If the following expression is valid for a monodisperse 
polymer: 


where rn indicates monodispersity, for a polydisperse polymer the 
relationship becomes: 


where p indicates polydispersity, and K and a have the same 
values as i ngq .  8 (6). The viscosity-average molecular weight is in- 
dicated by Mu. For randomly coiled polymers, a varies from 0.5 in 
a 0 solvent to a maximum of about 1, generally being between 0.6 
and 0.8. Typical values of K' range from 0.5 to 5 X For many 
polymers, M, is 10-20% lower than the weight-average molecular 
weight; but if a = 1, the viscosity-average molecular weight is the 
same as the weight-average molecular weight (7). 


Polyelectrolyte polymers such as acacia and sodium alginate ex- 
hibit expanded conformation due to electrostatic repulsion of the 
charged sites as they lose mobile ions to the solution, and this ex- 
pansion increases as the dilution increases. The expansion changes 
the frictional characteristics of the polymer; thus, while the re- 
duced viscosity of a nonionic polymer gradually increases with in- 
creasing concentration, the reduced viscosity of a polyelectrolyte 
polymer markedly increases with decreasing concentration. The 
addition of simple salts to the polyelectrolyte solution creates a 
Donnan equilibrium, suppressing the loss of mobile ions from the 
polymer, preventing expansion, and enabling it to assume the ran- 
dom coiled configuration required for the use of Eq. 1. 


In a previous study (B), it was shown that 2.5 Mrad of cobalt-60 
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Figure 1-Viscosity data for nonirradiated acacia. Key: a, 
d c ;  and  A, (In d / c .  


radiation was sufficient to sterilize selected colorants without 
causing a discernible change in their visible, UV, and IR absorp- 
tion spectra. In the present study, acacia and sodium alginate pow- 
ders were subjected to 2.5 Mrad of y-irradiation from cobalt-60 
and solutions of the treated gums were studied for effects on vis- 
cosity. A recently published report showed that sodium alginate 
powder subjected to  2.5 and 5 Mrad of cobalt-60 radiation gave so- 
lutions of lowered viscosity (9). 


EXPERIMENTAL 


The following materials were used: acacia USP, powder'; sodium 
alginate powder'; polysorbate 80 USP2; trypticase soy agar3; poly- 
ethylene vials, 4 dram with snap cap4; and ointment jars, 120 ml, 
opal glass with screw caps5. 


Irradiation-Gums were placed in polyethylene vials which 
had been ultrasonically cleaned. The vials were completely filled to  
eliminate excessive head-space and were irradiated6 as previously 
described for approximately 10 hr to a total dose of 2.5 Mrad. 
Larger quantities were irradiated in completely filled jars. The co- 
balt-60 source consisted of 10 stainless steel clad cylinders of co- 
balt metal, each measuring 29.3 cm in length and 1.1 cm in diame- 
ter, arranged in a cylindrical array having a diameter of 14.0 cm. 


The dose rate of the array was established by the National Bu- 
reau of Standards from a Fricke dosimeter placed in the center of 
the array, and current dose rates were calculated from this value 
using a half-life of 5.26 years for cobalt-60. The dose rate as of 
June 1973 was 2.53 X lo5 rad/hr for samples, as in this study, 
placed in the same position as the dosimeter. Exposure time for a 
2.5-Mrad dose in June 1973 was 9 hr and 53 min, and the length of 
irradiation for subsequent samples was adjusted according to the 
date of exposure. 


Sterility Testing-A sample of gum was aseptically obtained 
and suspended in 10 ml of sterile saline solution (0.9% w/v) con- 
taining 1% (w/v) polysorbate 80. An aliquot of this suspension was 
transferred to a trypticase soy agar plate. Samples of nonirradiated 
sodium alginate were 0.2 g, and those of irradiated material were 
0.3 g. Aliquots placed on the plates were 2.5 ml. The acacia sam- 
ples were 1 g and the aliquots were 3 ml. Three irradiated and 
three nonirradiated samples of each gum were tested. Plates were 
incubated at  30' and checked daily for up to 14 days. 


Induced Radiation-Radiation measurements7 were made on 


' Ruger Chemical Co., Irvington, N.J. 
*Tween 80, I. C. I. America, Inc., Wilmington, Del. 


Baltimore Biological Laboratories, Baltimore, Md. 
Polyvials, Olympia Plastics, Los Angeles, Calif. 
Brockway Glass Co., Brockway, Pa. 
The cobalt-60 irradiation was performed at the Research Reactor Facili- 


ty, Columbia, Mo. ' The measurements were made usin a Nuclear Chicago model 1620 A 
scaler with an ultrathin window tube andia Nuclear Chicago model 1810 sin- 
gle-channel analyzer; Nuclear Chicago, Chicago, Ill. 


I 1 I I 1 


2 4 6 8 
CONCENTRATION 


Figure 2-ViscOsity data for cobalt-60 irradiated acacia. 
Key: *, vsp/c; and A, (In vr)/c. 


1-g samples of the gums, irradiated and nonirradiated. The count- 
ing period was 15 min, and each sample was counted three times. 


Viscosity-Solutions of acacia, irradiated and nonirradiated, 
were prepared containing 2, 5, and 10 g/100 ml of solution in water 
and containing 2.5, 5, and 10 g/100 ml in 10 mM barium chloride 
solution. Solutions of irradiated and nonirradiated sodium alginate 
in 0.1 N sodium chloride solution were prepared containing 0.1, 
0.3, and 0.5 g/100 ml of solution. All solutions were preserved by 
the addition of 0.1% methylparaben, and the solutions were al- 
lowed to  solvate for 24 hr before viscosity measurements8 were 
made, except for acacia in barium chloride solutions which were al- 
lowed to  solvate for 2 weeks. 


Viscosities of aqueous acacia solutions were determined a t  30°, 
of acacia in barium chloride solutions a t  42O, and of sodium algi- 
nate solutions a t  25'; all temperatures were f0.02O. Barium chlo- 
ride and sodium chloride were used to suppress the extension of 
the polyelectrolytes. Donnan and Rose (10) found that the use of 
0.1 N sodium chloride swamped the electroviscous effect of sodium 
alginate, while barium chloride was utilized in a viscosity study of 
acacia (11). 


RESULTS 


Sterility Tests-All plates containing the nonirradiated gums, 
50 mg of sodium alginate or 300 mg of acacia, showed copious 


30 t 
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CONCENTRATION 


Figure 3-Viscosity data for nonirradiated sodium alginate. 
Key: *, qsp/c; a n d  A, (In ~J~) / c .  


Obtained using Cannon-Fenske viscometers, Fisher Scientific Co., Pitts- 
burgh, Pa. 
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Table 11-Viscosities of Acacia in  10 m M  Barium Chloride Solution at  42' 


Concentration, 
g/100 ml Vr %P 


V S P l C ,  
g/100 ml 


2 . 5  
5 


10 


2 . 5  
5 


10 


Nonirradiated 
1.63  f 0.01 0.627 f 0.013 
2.52 f 0.02  1 . 5 2  f 0.02  
5.07 f 0.08 4 . 0 7  f 0 . 0 8  


Cobalt -60 Irradiated 
1.53 f 0.01  
2.39 f 0.02  
4 .81  f 0.03  


0.528 f 0.013 
1 .39  f 0.02  
3 . 8 1  f 0 . 0 3  


0.250 f 0.005 
0.303 f 0.005 
0.407 f 0.008 


0 . 2 1 1  f 0.005 
0.278 f 0.004 
0.381 f 0.003 


0.195 f 0.003 
0.185 f 0.002 
0.162 + 0.002 


0.169 f 0.004 
0.174 f 0.002 
0.157 f 0.001 


a Mean and relative standard deviation of five determinations. 


growth within 72 hr. Plates containing the irradiated material, 75 
mg of sodium alginate or 300 mg of acacia, showed no growth 
under the test conditions and were regarded as sterile. 


Induced Radiation-No radioactivity of acacia and sodium al- 
ginate was induced by the cobalt-60 sterilization process. 


Viscosity-Viscosities of acacia solutions in water (Table I) 
showed a decrease of about 10% as a result of irradiation, and the 
solutions of irradiated material exhibited a somewhat darker color. 
The viscosities of acacia in 10 mM barium chloride solution (Table 
11) showed a slight decrease for the irradiated material. The rela- 
tionship of qSp/c and (In qr)/c to concentration appears to be linear 
for both the nonirradiated (Fig. 1) and irradiated (Fig. 2) acacia in 
barium chloride solution. The plot of qaJc versus concentration 
has a correlation coefficient of 0.996, a slope of 0.0208, and an in- 
tercept of 0.1986 for the nonirradiated acacia. Similar values for 
the irradiated acacia are 0.996, 0.0224, and 0.1592. The plot of (In 
q r ) / c  against c gives values of -0.9869, -0.0043, and 0.2057 for 
nonirradiated acacia and -0.794, -0.0019, and 0.1779 for the irra- 
diated gum. 


Three experimental points on each line are not sufficient for es- 
tablishing the intrinsic viscosity, [ q ] ,  but do provide enough infor- 
mation to estimate an apparent intrinsic viscosity, which being de- 
pendent on molecular structure is a good criterion for judging the 
suitability of this method of sterilization. In this respect, an appar- 
ent intrinsic viscosity would be a better criterion than a viscosity 
based on expanded conformation of the polyelectrolyte. If the fur- 
ther assumption is made that the relationship of Eq. l exists be- 
tween the apparent intrinsic viscosity and the molecular weight 
(despite finding no such relationship in a perusal of the literature), 
the effects of the sterilization treatment on the acacia molecule 
may be compared to the effects on the sodium alginate structure. 
Thus, the apparent [v] obtained is 0.202 for nonirradiated acacia 
and 0.169 for irradiated acacia, indicating that the irradiation ster- 
ilization with 2.5 Mrad of cobalt-60 results in the apparent depo- 
lymerization of acacia to the extent of about 16%. 
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CONCENTRATION 


Figure 4-Viscosity data for cobalt40 irradiated sodium 
alginate. Key: *, ~.*/c; and A,  (In qr)/c. 


Viscosities of the sodium alginate solutions in 0.1 N sodium 
chloride solution are shown in Table 111. The decrease in values of 
the solutions of irradiated gum is quite apparent. The relationship 
of qsp/c and (In q r ) / c  to concentration is not linear for nonirradiat- 
ed alginate (Fig. 3), which is in agreement with the investigation of 
Donnan and Rose (10). These curves were extrapolated to the in- 
tercept, and the midpoint of the intercepts was taken as the best 
value for the apparent intrinsic viscosity. The linenrity of these 
same plots for the irradiated alginate (Fig. 4) is indicative of ap- 
parent depolymerization as a result of the cobalt-60 treatment. By 
using the nine values, the plot of qap/c uersus c was found to have a 
correlation coefficient of 0.992, a slope of 8.22, and an intercept of 
3.75. The plot of (In qr)/c  yielded values of -0.935, -1.35, and 3.89, 
respectively. The apparent [q]  obtained for the irradiated alginate 
was 3.82, while that of the nonirradiated gum was 12.8. Irradiated 
sodium alginate and its solutions also exhibit a greenish color. 


The relationship of molecular weight and intrinsic viscosity of 
sodium alginate solution, using the data of Donnan and Rose (lo), 
is shown in Fig. 5. This relationship is linear and therefore follows 
Eq. 1. When using K = 7.97 X 10-5 (12), calculations indicate the 
Mu of sodium alginate to be approximately 161,000 prior to the co- 
balt-60 irradiation and approximately 47,900 afterward. Donnan 
and Rose found the degree of polymerization (D.P.) to be related 
to the intrinsic viscosity by the following expression: 


By using Eq. 10 and an equivalent weight of 216, the D.P. and 
of the nonirradiated alginate are found to be 742 and 160,000, re- 
spectively; the values for the irradiated material are calculated to 
be 222 and 47,900, which correlate well. The cobalt-60 sterilization 


50 100 150 
MOLECULAR WEIGHT X 10-8 


Figure 6-Molecular weight and intrinsic viscosity relation- 
ship from the data of Donnan and Rose (10). 
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Table 111-Viscosities of Sodium Alginate in 0.1 N Sodium Chloride Solution at 25’0 


Concentration, ’lap/C, (In vr.)/c, 
g/100 m l  ‘Ir ‘ISP g/100 m l  g/100 ml  


Nonirradiated 
0 . 1  2 . 6 2  k 0 . 0 1  1 . 6 2  f 0 . 0 1  1 6 . 2  f 0 . 1 1  9 . 6 2  f 0 . 0 4  
0 . 3  7 . 2 3  f 0.08 6 . 2 3  f 0.08 2 0 . 8  f 0 . 2 7  6 . 5 9  f 0 . 0 7  
0 .5  1 6 . 8  f 0 . 1 1  1 5 . 8  f 0 . 1 1  31.7 f 0 . 2 1  5.65 f 0 . 0 2  


0 . 1  1 . 4 5  f 0 . 0 2  0 .449  f 0 .016  4 .49  j= 0 . 1 6  3 . 7 1  f 0.11 
0 . 3  2 . 9 2  f 0 . 0 5  1 . 9 2  f 0.05 6 . 3 9  f 0 . 1 6  3 . 5 7  f 0 . 0 3  
0 . 5  4 . 8 9  f 0.07 3.89 f 0.07 7 . 7 8  f 0 . 1 5  3 . 1 7  f 0 . 0 3  


Cobalt -60 Irradiated 


a Mean and relative standard deviation of three determinations. 


treatment apparently has reduced the polymer to  an average of 
30% of its former degree of polymerization. The use of 216 for the 
equivalent weight takes into account the fact that sodium alginate 
exists in a hydrated form in which one molecule of water is associ- 
ated with each mannuronide or guluronide unit. 


The use of cobalt-60, 2.5 Mrad of y-radiation applied over a 
10-hr period, is not a suitable sterilization method for either of 
these vegetable gums. The apparent [q ]  of acacia is reduced 16% 
and that of sodium alginate 70%. These viscosities represent a sim- 
ilar reduction in molecular weight; thus, the irradiated sodium al- 
ginate has the apparent [q]  of a fraction having a molecular weight 
30% of the original molecule. Since the intent of this investigation 
was to determine the suitability of the use of cobalt-60 as a steril- 
ization method, no study was made to ascertain what specific 
changes in the molecules actually occurred, such as depolymeriza- 
tion or changes in the carboxylic groups. 


The reduction in apparent intrinsic viscosity for sodium alginate 
is over fourfold that occurring with acacia. Since each uronide unit 
in the alginate structure is accompanied by one molecule of water, 
it is possible that these water molecules actively participate in the 
greater depolymerization of sodium alginate. An alternative to de- 
polymerization or extensive cleavage of the polymer is a change in 
the carboxylic groups present on the chain; these groups are more 
numerous in the alginate molecule, having an equivalent weight of 
216, than in acacia, having an equivalent weight on the order of 
1000-1200 (13). While the latter is not proposed as the mechanism 
for the greater reduction in viscosity of sodium alginate than of 
acacia as a result of the cobalt-60 sterilization process, it appears 
more plausible than chain cleavage by the water molecules. 
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lem would be most pronounced with Producta A, Pp, Pr, and V. 
The slow absorption coupled with the inability to control the actu- 
al amount of drug available to a given patient raises serious ques- 
tions as to the usefulness of the presently available aspirin suppos- 
itory dosage forms for aspirin or salicylate therapy. 
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Central versus Peripheral Anticholinergic 
Activity as Assessed by Two I n  Vivo 
Procedures in Mice 


JEFFREY B. MALICK and ALLEN BARNETT 


Abstract The activity of tertiary and quaternary anticholinergic 
drugs was compared in two different test procedures designed to 
measure cholinolytic activity in mice. The four drugs utilized were 
atropine sulfate, atropine methylnitrate, scopolamine hydrobro- 
mide, and scopolamine methylnitrate. The results led to the con- 
clusion that one of these test procedures, the induction of mydri- 
asis (increase in pupil size), primarily measures peripheral anti- 
cholinergic activity whereas the other procedure, inhibition of phy- 
sostigmine lethality, primarily measures anticholinergic activity in 
the CNS. These two test procedures can be utilized to characterize 
the nature of the cholinolytic properties of prospective therapeutic 
drug candidates. 


Keyphrases Anticholinergic activity-determination of central 
uersus peripheral cholinolytic activity, tertiary and quaternary de- 
rivatives of atropine and scopolamine, mice 0 Mydriasis induction 
as measure of peripheral anticholinergic activity-tertiary and 
quaternary derivatives of atropine and scopolamine, compared to 
physostigmine-induced lethality inhibition (central activity), 
mice Physostigmine-induced lethality inhibition as measure of 
central anticholinergic activity-tertiary and quaternary deriva- 
tives of atropine and scopolamine, compared to mydriasis induc- 
tion (peripheral activity), mice 0 Atropine and scopolamine, terti- 
ary and quaternary derivatives-central versus peripheral cholino- 
lytic activity, mice Scopolamine and atropine, tertiary and qua- 
ternary derivatives-central versus peripheral cholinolytic activi- 
ty, mice 


The measurement of anticholinergic activity is im- 
portant in the evaluation of drug candidates for hu- 
mans. Peripheral anticholinergic liability is consid- 
ered to be an undesirable side effect of many thera- 
peutic agents, particularly with regard to antidepres- 
sants (1) and antihistamines (2). Central [ie., within 
the central nervous system (CNS)] anticholinergic 
activity may not be as troublesome (except at toxic 
doses) and, in fact, may even be desirable under cer- 
tain circumstances. Central anticholinergic drugs 
(e.g., scopolamine) produce sedation in humans, and 
amitriptyline, a potent central anticholinergic and 
sedative drug, may be the antidepressant of choice in 
cases of agitated depression, a condition in which 
sedative effects have utility (3). 


In the present studies, two test procedures in mice 
were evaluated for their ability to detect central uer- 
sus peripheral anticholinergic activity. To evaluate 
these procedures, tertiary and quaternary forms of 
atropine and scopolamine were utilized. The tertiary 
forms readily cross the blood-brain barrier whereas 
the quaternary forms are retarded by the blood- 
brain barrier and, consequently, are concentrated to 
a much lesser extent in the CNS than they are in the 
periphery following parenteral administration. Thus, 
by comparing the relative potency of these agents in 
the two procedures, the induction of mydriasis and 
the antagonism of physostigmine-induced lethality, 
the extent that each can predict central or peripheral 
anticholinergic activity was determined. 


EXPERIMENTAL 


Male CF No. 1-S mice, 18-22 g, were used. All drug doses were 
calculated in terms of milligrams per kilogram of free base, and all 
drugs were dissolved in distilled water. The volume of injection 
was 10 ml/kg for both the intraperitoneal and subcutaneous routes 
of administration. The drugs used were atropine sulfate, atropine 
methylnitrate, scopolamine hydrobromide, and scopolamine 
methylnitrate. 


Induction of Mydriasis (Increased Pupil Size) in Mice- 
Mice were administered test drugs and were tested for mydriatic 
activity 30 min later. These studies were performed under double- 
blind conditions such that the investigator did not know what 
drugs or doses were being tested. Normal pupil size was scored as 0 
and increases in pupil size were scored as 1,2, and 3 (slight, moder- 
ate, and maximal increases in size, respectively). A score of 2 was 
approximately 50% of maximal pupil size, which was a modifica- 
tion of the scoring system of Janssen and Niemegeers (4). 


Any mouse exhibiting a pupil size of 2 or greater was considered 
to be significantly affected. Mean pupil sizes for each group were 
also calculated. The dose intervals for each test drug were kept 
constant (0.5 loglo units). The MEDso (minimal effective dose) for 
producing a significant increase in mydriasis in 50% or more of the 
mice tested was determined for each test drug. The EDSO’S could 
not be calculated since there were very small intervals between 
doses a t  which no animals exhibited significant effects and doses 
producing effects in 100% of the mice. 


Inhibition of Physostigmine-Induced Lethality in Mice- 
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Table I-Induction of Mydriasis (Increase in Pupil Size) b y  Tertiary and Quaternary Anticholinergic Drugs in  Mice 


Number of Mice 


Treatment  


Exhibiting Significant 
Mydriasisc 


Mean MEDSo, mg/kg ip, 
Pupil Number of for Inducing 
Size* Mice Tested M ydriasisd 


~~ ~ 


Saline control 
Atropine sulfate 


Atropine methylnitrate 


Scopolamine hydrobromide 


1 
0.1 
0 .3  
1.0 
3.0 
0.01 
0.03 
0.1 
0.3 
0.01 
0.03 
0.1 
0.3 
1.0 


0.0 
0 . 7  
2 . 3  
2.8 
3 .0  
0.0 
0 .3  
2.8 
3.0  
1 .o 
1 . 3  
1 . 7  
2.7 
2 .5  


- 
0 . 3  


0.1 


0.1 


Scopolamine methylnitrate 0.003 0 . 2  0/6 0.03 
0.01 0 . 5  0/6 
0.03 2.3 6/6 
0 . 1  3 .0  6/6 


Drug administered 30 min prior to testing. Pupil size scored as follows: 0 = normal size, 1 = slight increase, 2 = moderate increase, and 3 = marked 
Minimal effective doee for producing significant mydriasis in increase. 


50% or more of the animals tested. 
Number of mice exhibiting a significant increase in pupil size (score of 2 or greater). 


The method used was a modification of the technique reported by 
Collier et al. (5) .  Physostigmine salicylate (1.0 mg/kg sc) produced 
100% lethality when administered to mice grouped 10 per cage 
112.7 X 28 X 12.7 cm (5 X 11 X 5 in.)] 20 min after drug adminis- 
tration. Test agents were administered intraperitoneally 30 min 
prior to physostigmine. Inhibition of lethality was then calculated 
as percent of control. The EDm, the dose that prevented lethality 
in 50% of the mice, was calculated for each drug by the Maximum 
Likelihood Probit Analysis Method (6). 


RESULTS AND DISCUSSION 


The induction of mydriasis by the four anticholinergic drugs is 
summarized in Table I. All four drugs produced dose-related in- 
creases in pupil size, as indicated by mean pupil size. The MEDm’s 
for induction of mydriasis by atropine sulfate, atropine methylni- 
trate, scopolamine hydrobromide, and scopolamine methylnitrate 
were 0.3, 0.1, 0.1, and 0.03 mg/kg ip, respectively. The quaternary 
forms of the anticholinergic drugs were more potent as mydriatics 
than their respective tertiary forms; both atropine methylnitrate 
and scopolamine methylnitrate were approximately three times as 
potent as their respective tertiary forms. 


Table I1 summarizes the results of studies to determine the rela- 
tive potency of the four anticholinergic drugs as inhibitors of phy- 
sostigmine-induced lethality in mice. The EDm’s for atropine sul- 
fate, atropine methylnitrate, scopolamine hydrobromide, and sco- 


Table 11-Antagonism of Physostigmine-Induced 
Lethality in  Mice 


EDSO, mg/kg ip, for 
Antagonlsm of 
Physost igmine 


Number Lethality (95% 
of Mice Confidence 


Treatmenta Used Limits) b 


Atropine sulfate 90 1 . 6  


Atropine methylnitrate 150 12.8 


Scopolamine hydrobromide 140 0.35 


(1.2-2.3) 


(6.3-54.9) 


(0.19-0.40) 
\ ~~ 


Scopolamine methylnitrate 100 6 . 1  
(4.1-8.4) 


Drugs administered 30 min prior to physostigmine (1.0 mg/kg sc). 
The EDso and 95% confidence limits were calculated by Probit Maximum 


Likelihood Analysis (6). 


polamine methylnitrate were 1.6, 12.8, 0.35, and 6.1,mg/kg ip, re- 
spectively. Although all four drugs inhibited the lethality produced 
by physostigmine, a cholinesterase inhibitor, the tertiary forms, in 
contrast to the results obtained in the mydriasis studies, were con- 
siderably more potent than their respective quaternary forms. At-  
ropine sulfate was eight times more potent than atropine methyl- 
nitrate, and scopolamine hydrobromide was 18 times more potent 
than scopolamine methylnitrate in this procedure. This result was 
believed to be due to the blood-brain barrier impeding the passage 
of the quaternary derivatives into the CNS. 


Table I11 summarizes the potency ratio comparisons of the vari- 
ous drugs in the two anticholinergic test procedures. As men- 
tioned, there was a reversal of the potency relationships when ap- 
propriate tertiary and quaternary derivatives were compared such 
that the quaternary forms were more potent mydriatic agents 
whereas the tertiary forms were more potent inhibitors of physo- 
stigmine lethality. When scopolamine hydrobromide was com- 
pared to atropine sulfate, the former was approximately three to 
four times more potent than the latter in both procedures. The 
same relationship between the quaternary derivatives held true; 
i e . ,  scopolamine methylnitrate was approximately two to three 
times more potent than atropine methylnitrate as an anticholiner- 
gic in both procedures (Table 111). 


From these results, it was concluded that the induction of my- 


Table 111-Potency Rat io  Comparisons of the Activities 
of Anticholinergic Drugs in  Two Procedures in  Mice 


Induction Antagonism of 
of Physosti mine 


Mydriasis Lethality fiotency 
Potency Rat io  (95% 


Comparison Ratioa Confidence Limits) 


Atropine sulfate versus 0.33 8.1 


Scopolamine hydrobro- 0.30 18.1 


Scopolamine hydrobro- 3.00 4 . 7  


Scopolamine methylni- 3.33 2 .1  


atropine methylnitrate (5.0-14.7) 


mide uersus scopol- (12.3-27.7) 
amine methylnitrate 


sulfate 


methylnitrate 


mide versus atropine (3.2-7.2) 


t ra te  versus atropine (1.3-3.5) 


Calculated from MEDro’s from Table I. b The potency ratio and 95% 
confidence limita were calculated by Maximum Likelihood Potency Probit 
Analysh (6) from data in Table IT. 
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driasis was primarily a peripheral anticholinergic response since 
both the tertiary and quaternary derivatives of atropine and sco- 
polamine were potent inducers of mydriasie. It also was concluded 
that inhibition of physostigmine-induced lethality was primarily a 
measure of central anticholinergic activity since the quaternary 
derivatives were much less potent inhibitors of physostigmine-in- 
duced lethality than their respective tertiary forms. 


A careful evaluation of a drug’s relative activity in these two 
procedures in the same species, the induction of mydriasis and the 
inhibition of physostigmine lethality, should predict its relative ac- 
tivity as a central and a peripheral anticholinergic in humans. 
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Tissue Distribution of 
W4C-Azure C (Methylthionine) in the Rat 


R. ENG, S. LINDBERG, K. WHITE, and 
L. A. SPITZNAGLE’ 


Abstract 0 The distribution of radioactivity a t  5-, lo-, and 15-min 
intervals following the intravenous administration of N -  14C-azure 
C was determined. The concentrations of radioactivity observed 
indicated that radioactive derivatives of azure C would not be use- 
ful pancreas or parathyroid scanning agents. 


Keyphrases 0 Azure C, radiolabeled-tissue distribution, consid- 
erations related to use as pancreas or parathyroid scanning agent 


Methylthionine, radiolabeled-tissue distribution, consider- 
ations related to use as pancreas or parathyroid scanning agent 


Scanning agents-tissue distribution of radiolabeled azure C 


The report (1) that the intravenous administration 
of the phenothiazine dye tolonium chloride (toluidine 
blue 0) caused a blue coloration of the pancreas and 
parathyroid glands but not of surrounding organs 
generated much interest and has been verified in ex- 
perimental animals (2-4) and humans (5-7). Tolui- 
dine blue 0 has been used for the identification of 
the parathyroid gland at surgery (5-7) and as an aid 
in the diagnosis of small oral cancers (a), and it has 
been suggested as a potential parathyroid and pan- 
creas scanning agent if labeled with a suitable radio- 
nuclide (2-4, 6, 7). Recent studies with an iodinated 
analog of toluidine blue 0 labeled with 1311 showed it 
to be useful for imaging parathyroid adenomas (9). 


DISCUSSION 


Kang and ,DiGiulio (3) found the highest concentrations of tolui- 
dine blue 0 in the parathyroids, heart, pancreas, kidneys, stomach, 
lungs, thyroid, muscles, liver, and blood, in that order. They ex- 
tracted the excised tissues with ethanol and measured the dye con- 
centrations colorimetrically. Mortenson and McRae (2) reported 


similar results using a similar assay. In both studies, rather low 
concentrations were observed in the organs surrounding the pan- 
creas, suggesting the development of a pancreas scanning agent 
provided a suitable labeled derivative could be prepared. 


Larose et al. (10) studied the distribution in rats of an iodinated 
derivative of toluidine blue 0 labeled with lz5I. Using an assay 
method that allowed the measurement of tissue radioactivity with- 
out extraction, they found the concentrations of radioactivity in 
the pancreas, liver, and kidneys to be similar for up to 60 min after 
intravenous administration. Likewise the parathyroid was ob- 
served to have concentrations of radioactivity similar to those 
found in the thyroid gland. They concluded that iodinated tolui- 
dine blue 0 was an unsatisfactory scanning agent for the pancreas 
and parathyroid glands. 


Archer et al. (11) also studied the tissue distribution of a 1251- 
labeled derivative of toluidine blue 0. However, they extracted the 
tissues with ethanol and measured the radioactivity of the ex- 
tracts. Their results differed from those of Larose et al. (10) in 
that the parathyroid extract contained approximately three times 
the concentration of extractable radioactivity as did the thyroid. 
The pancreas extract contained only a slightly higher concentra- 
tion of radioactivity than the liver extract, indicating that iodinat- 
ed toluidine blue 0 was an unsatisfactory scanning agent for the 
pancreas. However, these investigators observed that the percent- 
age of the injected dose taken up by the pancreas was much great- 
er when unlabeled toluidine blue 0 was given instead of iodinated 
toluidine blue 0. 


Preliminary work in this laboratory confirmed the results of 
Klopper and Moe (1); 30 min after the intravenous administration 
of toluidine blue 0, extracts of the pancreas had 10 times the con- 
centration of dye compared to extracts of the liver when measured 
colorimetrically (12). In a preliminary investigation of the distri- 
bution of 35S-labeled toluidine blue 0 (12), concentrations of ra- 
dioactivity in the pancreas, liver, and kidneys were found to be 
similar. These results seemed to confirm the conclusions of Larose 
et 01. (10) and Archer et al. (11) that labeled derivatives of tolui- 
dine blue 0 were unsatisfactory pancreas scanning agents. 


One possible explanation of the blue coloration of the pancreas 
consistent with these results is that the dye molecule may be 
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Drug-Biomolecule Interactions: 
Binding Study of Substrate and Inhibitors to 
Acetylcholinesterase Using NMR 


G .  KATO 


Abstract 0 NMR was used to study the binding of acetylcholine, 
atropine, and physostigmine to acetylcholinesterase. Changes in 
the linewidth of the N-methyl resonance of acetylcholine, resulting 
from association with the enzyme during hydrolysis, were utilized 
to study the enzyme-substrate interaction. Physostigmine inhibit- 
ed the binding of the substrate while atropine accelerated sub- 
strate hydrolysis without interfering with its binding. The disso- 
ciation constant, K D ,  and the linewidth of the acetylcholinester- 
ase-inhibitor complex, Avbound, for atropine and physostigmine 
can be estimated from the linewidth changes of the N-methyl and 
phenyl group resonances of atropine and from the N-methyl and 
C-methyl group resonances of physostigmine resulting from associ- 
ation with the enzyme. The results indicate that there is a t  least 
one binding site on the enzyme surface for atropine and one for 
physostigmine. Further evidence that the two sites are distinct is 
indicated by the fact that gallamine displaces atropine from its site 
without competing with physostigmine. 


Keyphrases 0 Acetylcholinesterase-binding of substrate and in- 
hibitors, NMR 0 Binding-substrate and inhibitors to acetylcho- 
linesterase, studied by NMR NMR-evaluation, binding of sub- 
strate and inhibitors to acetylcholinesterase 0 Drug-bimolecule 
interactions-binding of substrate and inhibitors to acetylcho- 
linesterase, NMR 0 Interactions-drugs with biomolecules, sym- 
posium 


Since drugs and the complex biological entities on 
which they act are composed of molecules, their ef- 
fects can accordingly be interpreted on the basis of 
molecular events, i .e.,  by the interaction of drug with 
receptor molecules. The receptors are conceived as 
being special structures within the molecular frame- 
work of the cell membranes and cellular organelles. 
Such structures are capable of direct binding with 
specific, biologically active substances, and it is this 
binding that results in an observable physiological, 
pharmacological, or biochemical response. 


I t  is widely believed that the receptors are macro- 
molecules-probably proteins-with structures re- 
sembling those of enzymes or antibodies (1). They al- 
most certainly include structures sensitive to acetyl- 
choline, epinephrine, histamine, serotonin, and the 
peptide hormones. But while the chemical structure 
of most drugs is known, the structure of receptors is 
still unknown. The binding of a number of drugs to 
the enzyme acetylcholinesterase was studied with the 
hope of using this system as a possible model for 
other drug-receptor interactions (2-5). 


DISCUSSION 


Acetylcholinesterase catalyzes the hydrolysis of acetylcholine 
into choline and acetate. This reaction involves the active center of 
the enzyme which consists of two subsites, the anionic site and the 
esteratic site (6). The anionic site is responsible for binding, while 
the esteratic site is responsible for cleavage of the substrate mole- 
cule. 


Apart from the active site, acetylcholinesterase contains nonca- 
talytic binding sites. For example, Changeux (7) demonstrated the 
binding of gallamine triethiodide and tubocurarine, two receptor 
inhibitors that  only partially inhibited the enzyme. Belleau and 
DiTullio (8,9) showed that a t  least two anionic sites are present on 
acetylcholinesterase; site I is part of the active site, and site I1 is a t  
the periphery and binds tubocurarine. Their results imply certain 
similarities between the anionic sites of acetylcholinesterase with 
the acetylcholine receptors of excitable membranes. Several other 
investigators (10-13) also showed the presence of allosteric sites on 
acetylcholinesterase which bind certain cholinergic ligands with 
more or less high affinity. 


The aim of the present work was to investigate the binding of 
acetylcholine, atropine, and physostigmine to purified squid en- 
zyme using a high-resolution NMR method. The binding of inhibi- 
tors t o  enzymes is usually studied by kinetic methods or by equi- 
librium dialysis. Both techniques, however, have inherent limita- 
tions. The nature of the interaction can be studied in more detail 
by NMR methods (14). 


With NMR spectroscopy, two types of change are commonly ob- 
served in the spectrum of a small molecule when it binds to a mac- 
romolecule. The linewidths of the protons of a small molecule give 
information about the degree of restriction of motion of specific 
parts of small molecules, the degree of saturation of binding sites, 
and the rates of exchange. In addition, chemical shift changes for 
some protons of the small molecule give information on the mag- 
netic environment of the small molecule when it is bound. Such an 
effect could result from nearby aromatic systems or paramagnetic 
ions. A recent review summarized the application of NMR spec- 
troscopy to biochemical problems (14). 


THEORETICAL 


All elementary particles of the atom, such as the proton or the 
electron, constantly spin around their axis with a certain momen- 
tum. In NMR spectroscopy, the H atom, which has a single proton 
with spin I = 'h and a magnetic moment fi  is of primary interest. If 
the spinning proton is placed in a strong magnetic field, Ha, it will 
act to tilt its axis either in the direction of the field or in opposition 
to the field. Thus, a proton will be able to assume only one of two 
possible orientations, corresponding to energy levels of - p H 0  in 
the lower state and +fiHo in the upper state. 


The lower level corresponds to the situation in which the mag- 
netic field, Ho, and the nuclear moment are parallel; in the upper 
level, they are antiparallel. T o  induce transitions between the two 
states, a discrete amount of energy, AE, is applied to the system. 
This is the energy difference between the two states and is given 
by aE = 2 p H o  = hv,  where h is Planck's constant and u is the fre- 
quency of the electromagnetic radiation necessary for such a tran- 
sition. For protons in a magnetic field of 14,000 gauss, the frequen- 
cy of such energy is about 60 MHz, which is in the radiofrequency 
region. 


Under ordinary conditions in a magnetic field, there is a very 
small difference in the population of the two levels given by a 
Boltzmann distribution. This small excess of protons in the lower 
energy state is important. The small, but finite, excess of nuclei in 
the lower energy state gives rise to an absorption of energy in the 
radiofrequency region. 


The information indicates that the resonance condition can be 
obtained by varying either the magnetic field, Ho, or the frequen- 
cy, u. In practice, one usually works with a fixed frequency and 
sweeps the magnetic field through the resonance value, obtaining a 
spectrum of the compound. The sample is placed in a tall glass cy- 
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Figure 1-(Top) The 60-MHz NMR spectra of the N-methyl 
and  C-methyl resonances of physostigmine hydrochloride (ese- 
rine hydrochloride), free (lower trace) a n d  in  the presence of 
acetylcholinesterase (1.7 X 10 --6 M) (upper traces). (Bottom) 
The 60-MHz N M R  spectra of the phenyl a n d  N-methyl 
resonances of atropine hydrochloride, free (lower trace) and  i n  
the presence of acetylcholinesterase (1.7 X M) (upper 
traces). The intense resonances a t  right are those of protons of an 
external tetramethylsilane standard. Samples were dissolved in  
0.1 M phosphate buffer, pH 7.4, in  DzO, a n d  spectra were re- 
corded a t  39'. The specific activity of squid acetylcholinesterase 
was 200 mmoles of acetylthiocholinelhrlmg. 


lindrical tube, which is inserted between the poles of a magnet sur- 
rounded with a coil which produces the radiofrequency field. If the 
field of the magnet is scanned at  some fixed radiofrequency field, 
the protons absorb energy which can be recorded by a radio receiv- 
er. When the signal is fed directly into a recorder, a sharp peak is 
obtained in the spectrum. 


Each different chemical group of an organic compound contain- 
ing hydrogens gives rise to a separate absorption peak at  different 
values of the applied magnetic field. Hydrogen atoms in the vari- 
ous chemical groups absorb at slightly different frequencies be- 
cause the applied magnetic field becomes modified by the move- 
ments of the electrons and nuclei in adjacent atoms and neigh- 
boring molecules. The absolute position of the absorption cannot 
be obtained from the instrument. The exact position of the reso- 
nance frequencies of protons in different environments is mea- 
sured from some arbitrary standard (e.g., tetramethylsilane). The 
position of the peak is termed the chemical shift. 


Upon removal of the exciting field a t  resonance, the Boltzmann 
distribution of the sample is regained by a relaxation process. This 
is described by two relaxation times, TI and Tz. TI is termed the 
spin-lattice relaxation time, and Tz is the spin-spin relaxation 
time. The spin-spin relaxation rates, l/Tz, can be obtained from 
l/Tz = T Au %, where A& is the linewidth a t  one-half maximum 
peak height. For rapid translational or rotational motion, Tz is 
long and 1/Tz is small; hence, narrow peaks are obtained. As the 
molecular motions are reduced by viscosity or by interaction with a 
larger rigid molecule, 2'2 becomes shorter and the peaks become 
broader. 


In solution, small molecules have rapid translational and rota- 
tional molecular motion (ie., they have short correlation times) so 
narrow peaks are obtained. In solids, molecules occupy fixed posi- 
tions and thus give rise to very broad peaks. Macromolecules such 
as proteins in solution give rise.to complex NMR spectra due to 


the overlapping of resonance peaks from similar chemical groups. 
The longer correlation times due to slow rotational and transla- 
tional motion also result in broad resonance peaks. 


In certain conditions, the protein often shows no spectrum, 
while the interacting species shows a typical narrow line NMR 
spectrum. When a freely moving molecule interacts with a protein, 
the rotational correlation time of the small molecule is increased. 
As the correlation times are increased, line broadening occurs. It is 
the changes in the spectra of the small molecules resulting from 
the binding to high molecular weight macromolecules that are of 
interest. The width of the resonance peaks in particular are ex- 
tremely sensitive to variations in the molecular environment and 
provide the most informative measurements for the study of mo- 
lecular interaction. 


ES, describing enzyme-small mol- 
ecule association: 


For the equilibrium E + S 


(Es. 1) 


where [El = Eo - [ES] and [S] = SO - [ES]. The term [ES] is the 
concentration of the enzyme-small molecule complex, [SO]  is the 
total concentration of the small molecule, and [Eo] is the total con- 
centration of the enzyme. 


For the situation in which a small molecule binds reversibly to 
an enzyme, the observed linewidth of a proton on the small mole- 
cule is given by: 


where PES and Ps are the fractions of the small molecule bound 
and free in solution, respectively; AUES and Aus are the linewidths 
of the bound and free species, respectively; and ( ~ / T T ~ ) ~ .  is the 
contribution to the observed linewidth due to exchange (15). 


If the exchange lifetime is much less than l/AuEs, then: 


Av,hS = P,,$ h ~ f i : , y  + P.5 A u ~  (Es. 3 )  
or: 


In all experiments, SO >> [Eo] so (SO - [ES]) /So  = 1 and: 


(Eq. 5 )  


For inhibitor binding studies, the values of Au were corrected by 


Table I-Linewidth Data for N-Methyl and  Phenyl Protons 
of Atropine and  N-Methyl Protons of Physostigmine 
Obtained from Association of Atropine and  Physostigmine 
with Acetylcholinesterase, in  Absence and Presence of 
Gallamine Triethiodidea 


Concentration 


Acetyl- 
cholin- 


Inhibitor Inhibitor, esterase, A U , , I , ~ ~ ,  A A u ,  
(Protons) M mg/ml H z  Hz 


Atropine (NCH,) 0.02 0 1.5 - 
Atropine (NCH,) 0.02 4 3 . 9  2 . 4  


Atropine (phenyl) 0.02 0 1 .o 
Atropine (NCH,) 0.02 4 2 . 8  1.3 
Plus gallamine 0.04 


Atropine (phenyl) 
Atropine (phenyl) 
Plus  gallamine 0.04 
Physostigmine 0.02 0 1 . 2  


0.02 4 3.1 2 . 1  
0.02 4 2.2 1.2 


INCH,) 
\- - - --", 


Physostigmine 0.02 4 2 . 8  1.6 


Physostigmine 0.02 4 3.0 1 . 8  
(NCH,) 


fNCH-a) 
P l i s  gallamine 0.04 


Measurements were made in 0.1 M phosphate buffer, pH 7.4, at 3S0 in 
a Varian A-60D spectrometer. * Values given are observed measured line- 
widths corrected for instrumental broadening (0.4 Hz). 
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Figure 2-(a) Plot of the reciprocal of the observed linewidth 
(AVobr) for the N-methyl (0) and C-methyl (0) group reson- 
ances of physostigmine versus varying concentrations of phy- 
sostigmine sulfate (SO) i n  the presence of constant concentra- 
tions of acetylcholinesterase (1.7 X lo+ M). (b) Plot of the 
reciprocal of the observed linewidth (Auobs) for the phenyl (0) 
and N-methyl (0) group resonances of atropine versus varying 
concentrations of atropine sulfate (SO) in the presence of a con- 
stant concentration of acetylcholinesterase (1.7 x 10-6 M). 
Samples were dissolved i n  0.1 M phosphate bufier, p H  7.4, in 
DzO, and spectra were recorded a t  39'. In these experiments 
the linewidth of the free inhibitor, Avs, was subtracted from the 
observed linewidth, Avobs. 


subtracting the values of Aus from the measured values of Au. 
Therefore: 


(Eq. 6a) [ESI 
A'oh\ = T s J A u E S  


(Eq.  66) 


(Eq. 8 )  


A plot of So versus l /AuOb gives a line whose intercept is -KO 
and whose slope is used to calculate AVES (16). 


EXPERIMENTAL 


Binding of Atropine and Physostigmine to Acetylcholines- 
terase-The NMR spectrum of atropine hydrochloride in D20 ex- 
hibits resonances at 444 and 161 Hz, which can be assigned to the 
phenyl and N-methyl group protons, respectively. The spectrum 
of physostigmine hydrochloride consists of a resonance at  186 Hz 
due to the N-methyl group and a resonance a t  88 Hz due to the C- 
methyl group in the fused ring system. Because these were the 
most intense resonances in the spectra, they were used for the 
present study. 


Figure 1 shows these resonances at  60 MHz, with tetramethylsil- 
ane as an external standard. The addition of highly purified 
acetylcholinesterase (specific activity = 200 mmoles acetylthiocho- 
line/hr/mg; 1.7 X M final concentration) to a sample of phy- 
sostigmine or atropine hydrochloride a t  various concentrations 
(10-2-1.4 X lo-' M) resulted in the spectra shown in Fig. 1. Both 
resonances of atropine and physostigmine were extensively broad- 
ened without a change in their shifts. 


Figure 1 illustrates that the N-methyl and aromatic resonances 
of atropine and the N-methyl and C-methyl resonances of physo- 


stigmine become progressively broader as the concentration of in- 
hibitor is decreased. It is evident from these observations that the 
chemical exchange of both inhibitors between free and enzyme- 
bound species is rapid. 


As described under Theoretical, ifthe enzyme-inhibitor binding 
is studied by varying the inhibitor concentration at  a fixed concen- 
tration of enzyme, a plot of SO with respect to l /Au,b should yield 
a straight line with a slope of Eo AUES and an intercept equal to 
-KD, provided the described conditions are met. 


The linewidth data obtained for atropine and physostigmine are 
plotted in this manner in Fig. 2. In these experiments, Eo was held 
fixed at  1 7  rM. Variations of SO with l/Av,bS are linear for both 
peaks of atropine and physostigmine over the range of conditions 
used. The following linewidths for the enzyme-inhibitor complexes 
and dissociation constants are calculated from the least-squares 
lines. For physostigmine, AUES,NCH~ = 496 i 26 Hz, KD = 5.9 f 2.4 
X 
For atropine, AUES,NCH~ = 984 * 52 Hz, K D  = 1.2 f 5.8 X M, 
AuES,phenyl = 858 f 3 2  Hz, and K D  = 3.0 f 3.9 X 


The N-methyl and C-methyl groups of physostigmine are im- 
mobilized to the same extent when physostigmine binds to the en- 
zyme, as might be expected, since both groups are on the same 
fused ring system. With atropine the N-methyl group is also im- 
mobilized to approximately the same extent as the phenyl group. 


Since KD << SO, KD cannot be obtained with great precision. 
Nevertheless, it is clear that atropine and physostigmine bind with 
high affinity (KO < 1 mM). The K, values for atropine and physo- 
stigmine were then determined from kinetic studies, using acetyl- 
thiocholine as the substrate. Whereas physostigmine sulfate was an 
effective anticholinesterase (Ki = 1.2 pM), atropine sulfate inhibit- 
ed poorly (K;  = 6 . 0  mM). If both compounds bind to the active 
site, both should inhibit substrate hydrolysis. Yet atropine is an 
ineffective anticholinesterase but binds to the enzyme with high 
affinity. This indicates that physostigmine may bind to the active 
site and atropine to another. 


That atropine and physostigmine do not bind to the same sites 
on the enzyme surface was confirmed by adding gallamine triethio- 
dide to a solution of acetylcholinesterase containing either atro- 
pine or physostigmine and showing that gallamine reduced the 
amount of bound atropine but not physostigmine. Table I gives the 
quantitative data obtained. Gallamine and atropine compete for 


M, AUES,CCH~ = 488 f 16 Hz, and K D  = 4.3 f 4.0 X lo-* M. 


M. 


Table 11-Linewidth Data for N-Methyl and Phenyl 
Protons of Atropine and  N-Methyl and C-Methyl Protons of 
Physostigmine Obtained from Association of Atropine and 
Physostigmine with Acetylcholinesterase, in Absence and 
Presence of Carbamylcholine Chloride ( C a r b a ~ h o l ) ~  


Concentration 


Acetyl- 
cholin- 


Inhibitor Inhibitor, esterase, Av,bsb, AAv, 
(Protons) M mg/ml H z  H z  


Atropine (NCH3) 0.02 0 1.5 - 
Atropine (NCH,) 0 .02  4 3.5 2 . 0  
Atropine (NCH,) 0 .02  4 2 . 7  1 . 2  
Plus carbachol 0 . 1 0  
Atropine (phenyl) 0.02  0 1 .o 
Atropine (phenyl) 0.02 4 2 . 5  1 . 5  
Atropine (phenyl) 0.02 4 2 . 5  1 . 5  
Plus  carbachol 0 . 1 0  
Physostigmine 0 .02  0 1 . 2  


(NCHq'I \ - .  - -  
Physostigmine 0.02 4 3 . 2  2 . 0  


Physostigmine 0.02 4 2.3  1 . 1  
(NCH3) 


(NCH,) 
Pl& carbachol 0 .10 


ostigmine 0.02 0 1 . 4  
CHI) 
ostigmine 0 .02  4 3.8 2 . 4  
CH3) 
o s t i m i n e  0 .02  4 3 . 0  1 . 6  


(CCHJ 
Plus  carbachol 0 . 1 0  


Measurements were made in 0.1 M phosphate buffer, pH 7.4. at 39O in 
a Varian A-60D spectrometer. b See Table I. 


490 /Journal of Pharmaceutical Sciences 







N-CH3 


60 mln *H, 


4.0 min -.A A 


3.5min dL- -  
3.0 min n 
2-4 min n 
2.0min --A--. 


A 
0.5 min 


FREE 4 
Figure 3-Time study of the N M R  spectrum of acetylcholine 
chloride (16.7 mM), free a n d  after addition to acetylcholin- 
esterase (50 mglml) in  0.1 M sodium phosphate buffer, pH 
7.4, in  D 2 0  a t  39'. The lower trace represents a portion of the 
N M R  spectrum of acetylcholine free in  solution. The upper 
traces are the scans of the acetylcholine spectrum a t  various 
times after addition to acetylcholinesterase. Resonances a t  196 
and 132 H z  (downfield from external tetramethylsilane) a re  
from protons in the N-methyl and  acetate groups of acetyl- 
choline. The resonance a t  118 H z  is from sodium acetate pro- 
tons, a product of hydrolysis of acetylcholine. The arrows on the 
N-methyl peak indicate the width of the resonance line a t  half- 
height (AVNCHJ.  The arrows on the acetate peak indicate its 
amplitude in millimeters. A solution of tetramethylsilane was 
used as an external standard, and  its resonance appears to the 
upper field of the acetylcholine resonances. Its spectrum was 
recorded before a n d  after the experiment. The specific activity of 
squid acetylcholinesterase was 1.4 mmoles of acetylthiocholinel 
hrlmg. 


the same sites on the enzyme but gallamine and physostigmine do 
not. 


Carbamylcholine chloride, which resembles the structure of ace- 
tylcholine but is not hydrolyzed by acetylcholinesterase, competes 
with physostigmine binding. The quantitative data are presented 
in Table 11. Carbamylcholine also competes with the binding of at- 
ropine but, surprisingly, only competes with the N-CH3 group of 
atropine while the binding of the phenyl group remains un- 
changed. 


These results indicate that acetylcholinesterase has groups out- 
side its active site for binding certain inhibitors such as atropine. 
The most decisive evidence that the atropine binding site is dis- 
tinct from the active site comes from the following reasoning and 
observations. If it  is assumed that atropine and physostigmine 
bind at  the same site, then any compound able to compete with at- 
ropine at  its binding site would be expected to compete with phy- 
sostigmine. If, on the other hand, the atropine and physostigmine 
sites are distinct, some compounds should be able to displace atro- 
pine from i ts  site without necessarily competing with the substrate 
or physostigmine. That the latter is obtained is demonstrated by 
the fact that gallamine inhibits atropine binding without inhibit- 
ing physostigmine binding. 


Gallamine decreased the linewidth of both phenyl and N-methyl 
groups of atropine in the presence of enzyme, as expected under 
the present conditions, since both gallamine and atropine have a 
phenyl and a charged quaternary ammonium group. The phenyl 
group of gallamine competes with the phenyl group of atropine, 
and the N-ethyl group of gallamine displaces the N-methyl group 
of atropine. 


The results with carbamylcholine are less clear. One explanation 
is that there are two different binding sites for atropine. In this 
case, the atropine molecule binds uia the N-methyl group at  one 
site and uia the phenyl group at  the other. Carbamylcholine may 
interfere with the binding of atropine at  the first site without af- 
fecting the second. In the presence of carbamylcholine, therefore, 
atropine would remain bound at the second site uia the phenyl 
group. This is not unlikely, since carbamylcholine does not contain 
an unsaturated ring. 


The second possibility is that atropine binds uia both the N-  
methyl and phenyl groups and that carbamylcholine interferes 
with the binding of the N-methyl group only, leaving the phenyl 
group bound. This is consistent with the idea that both groups of 
atropine are necessary for maximum binding to the enzyme (2,3). 


Binding of Acetylcholine to Acetylcholinesterase-The 
binding of acetylcholine to acetylcholinesterase was studied by 
measuring the change in the linewidth at  half-maximum ampli- 
tude of the N-methyl group ( A U N C H ~ )  as a function of time. The 
rate of hydrolysis was followed by measuring the amplitude of the 
acetate peak (118 Hz) as a function of time. The lower trace in Fig. 
3 shows a portion of the NMR spectrum of acetylcholine chloride. 
The peaks are labeled N-CH3 and -0COCH3 for the protons of 
the quaternary ammonium and acetate moieties, respectively. 


When acetylcholine chloride was added to a solution of the en- 
zyme and the spectrum of the solution was scanned repeatedly, the 
spectrum underwent several changes (upper traces of Fig. 3). The 
N-CH3 group resonance became broader, reaching a maximum at 
2 min, followed by a gradual sharpening of this same resonance. 
The amplitude of the resonance at 132 Hz (due to the acetylcho- 
line acetate protons) decayed with time, while that a t  118 Hz (due 
to  the free acetate protons) gradually increased and reached maxi- 
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Figure I-Plot of the observed linewidth for the N-methyl 
group resonance of acetylcholine (lower graph) a n d  the ampli- 
tude of the sodium acetate group resonance (upper graph) 
versus time a t  varying concentrations of enzyme, Eo, in  the 
presence of the same concentration of acetylcholine chloride 
(8.3 mM).  A t  zero time, a solution of acetylcholine chloride 
(10 ILL of 1.0 M) was rapidly mixed with a solution of acetyl- 
cholinesterase in the N M R  tube. The tube was placed in the 
probe, a n d  the acetylcholine spectrum was scanned repeatedly. 
The change in linewidth of the N-methyl group a n d  the ampli- 
tude of the acetate group were measured from the same experi- 
ment. This procedure was repeated using six different con- 
centrations of enzyme. The plot is the difference between the 
linewidths for acetylcholine chloride in  the presence of acetyl- 
cholinesterase and  in  buffer only (0.8 =t 0.05 Hz). Included in 
the graph is the change i n  linewidth of the N-methyl group of 
choline chloride (8.3 )( 10-3 M) when mixed with a solution of 
acetylcholinesterase (50 mglml). The solution contained 0.1 M 
sodium phosphate buffer, pH 7.4, in  98% D20. The total 
v o h n e  was 0.6 ml, and  the temperature was 39". The enzyme 
used was identical to the one used in the experiment shown in 
Fig. 3. 
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Figure 5-Plot of the observed linewidth for the N-methyl 
group resonance of acetylcholine (lower graph) a n d  the ampli-  
tude of the sodium acetate group resonance (upper graph) 
versus time at varying Concentrations of physostigmine 
(eserine) i n  the presence of the same concentration of enzyme 
(Eo = 50 mg/ml) and substrate (acetylcholine chloride = 8.3 
mM).  The experimental procedure was the same as in Figs. 2 
and 3, with the exception that the enzyme was preincubated with 
various cotice-atrations of physostigmine before the addition of 
substrate. Measurements were made in 0.1 M phosphate buffer, 
pH 7.4, in D 2 0  a t  39'. 


mum amplitude a t  6 min. No further changes occurred after this 
time. While the acetylcholine acetate peak may be slightly broad- 
ened, the free acetate peak was not broadened. 


The changes in A U N C H ~  and the amplitude of the acetate peak 
are shown in Fig. 4 with six different concentrations of enzyme, Eo, 
a t  the same substrate concentration. With each enzyme concentra- 
tion, a characteristic change in linewidth was observed, i.e., a pro- 
gressive broadening followed by a decrease in linewidth after 
which a steady state was reached. A t  lower enzyme concentrations, 
the maximum linewidth decreased and the time of maximum 
broadening was delayed. When choline was added to the enzyme, 
its N-methyl resonance was not broadened. The changes in line- 
width are interpreted in terms of binding of the substrate molecule 
to the active center of the enzyme. 


Binding of Acetylcholine to Acetylcholinesterase in Pres- 
ence of Physostigmine-In the presence of physostigmine sul- 
fate, the N-methyl group reasonance of acetylcholine showed a de- 
crease in the rate of line broadening, indicating a delay in the reac- 
tion as well as a decrease in maximal line broadening. These re- 
sults are shown in Fig. 5 with four different concentrations of phy- 
sostigmine. The upper graph shows the effect of increasing concen- 
trations of physostigmine on the rate of acetate formation. With 
physostigmine sulfate = 1.7 X M, line broadening and hydrol- 
ysis were completely abolished. 


Binding of Acetylcholine t o  Acetylcholinesterase in Pres- 
ence of Atropine-The effects of atropine on acetylcholine bind- 
ing are uniquely different from those observed with physostig- 
mine. In the presence of atropine, the effect on the N-methyl reso- 
nance was an increase in the rate of line broadening without in- 
fluencing the maximum linewidth. The upper graph in Fig. 6 
shows that atropine (1.7 - 8.3 X M ) ,  under the present condi- 
tions, accelerates the rate of substrate hydrolysis. Higher concen- 
trations of atropine (50 X M )  inhibit hydrolysis and substrate 
binding. 


These findings suggest that  atropine does not interfere with the 
binding of the substrate but instead accelerates its hydrolysis. The 
mechanism by which atropine or its analogs accelerate, if they are 
not bound at the active site, could be accounted for by allosteric 
interactions. That is, the binding of atropine transmits a confor- 
mational change through the structure of the enzyme which modu- 
lates its catalytic activity. 


The acceleration by atropine and the inhibition by physostig- 
mine were observed in the presence of high concentrations of sub- 
strate. Lower concentrations of substrate could not be used be- 
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Figure 6- Plot of the observed linewidth for the N-methyl 
group of resonance of acetylcholine (lower graph) a n d  the 
amplitude of the sodium acetate group resonance (upper 
graph)  versus time a t  the same concentrations of enzyme (E,) = 
50 mg/ml) a n d  substrate (acetylcholine chloride = 16.7 mM).  
The experimental procedure was the same as in  Figs. 2 a n d  3, 
with the exception that the enzyme was preincubated with var- 
ious concentrations of atropine before the addition of substrate. 
Measurements were made in 0.1 ni phosphate buffer,.pH 7.4, in 
D 2 0  a t  39O. 


cause they caused inaccuracies in linewidth measurements. It is 
possible, therefore, that  these observations depend on the presence 
of relatively high concentrations of acetylcholine. 


Some researchers (17, 18) showed that certain quaternary am- 
monium compounds potentiate the hydrolytic activity of acetyl- 
cholinesterase a t  high substrate concentrations. They suggested 
that these compounds accelerate the deacetylation sequence of the 
enzyme. If atropine accelerates deacetylation by binding to the an- 
ionic site of the active center, it must assume an orientation away 
from the esteratic site; otherwise it will interfere with deacetyla- 
tion. This may be possible in view of the suggestion by Belleau et 
al. (19) of ero and endo binding of effectors at the esteratic site 
level. 


Alternatively, atropine may protect the enzyme against sub- 
strate inhibition; that  is, high concentrations of substrate bind to a 
regulatory site and exert negative cooperativity toward the active 
center. Atropine competes with the substrate a t  the regulatory site 
and prevents substrate inhibition. This implies that  substrate in- 
hibition may be due to an allosteric mechanism. Recent evidence 
(20) suggests that this may be the correct mechanism for the ob- 
served kinetic effects. 


I t  is impossible to conclude, from the data presented here, which 
of the two mechanisms is correct. Nevertheless a two-site mecha- 
nism-the active site and a regulatory site-must be involved in 
each scheme. 


The use of NMR techniques outlined in this paper overcomes 
some problems of other methods previously used for the study of 
enzyme-substrate interactions. The experimental procedure de- 
scribed for substrate binding is particularly useful in studying the 
active site region and the effects of various inhibitors on the en- 
zyme-substrate complex. This method provides the advantage of 
following the rate of hydrolysis of substrate and its binding a t  the 
active site concomitantly. 
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Drug-Biomolecule Interactions: 
Fluorescence Studies on Interaction of 
Aminonaphthalenesulfonic Acid Derivatives with 
Serum Albumins 


H. W. JUN, L. A. LUZZIx, and JOSEPH K. H. MA 


Abstract 0 The binding of the three aminonaphthalenesulfonic 
acid derivatives to human and bovine serum albumins was studied 
by measuring the fluorescence enhancement of the compounds. 
The number of binding sites of human and bovine serum albumins 
for these compounds appears to  be one and two, respectively, 
under the experimental conditions. As the molar ratio of the fluo- 
rescent compounds to bovine serum albumin increased, the bind- 
ing sites appeared to increase for the compounds. The quenching 
of the native fluorescence of albumin was examined by the succes- 
sive addition of methanolic solutions of these compounds. 1-Anili- 
nonaphthalene-8-sulfonate quenched the protein fluorescence to a 
greater extent than the other compounds studied, indicating that 
I-anilinonaphthalene-8-sulfonate molecules are bound more close- 
ly to the tryptophan residues of albumin. The finding that the 
three compounds did not quench the fluorescence of tryptophan 


dissolved in water indicates no direct molecular interaction be- 
tween tryptophan and the three fluorescent probes. The driving 
force for binding may be due to the structural characteristics of 
the amino acid sequence surrounding the tryptophan residues. 


Keyphrases 0 Aminonaphthalenesulfonic acid derivatives- 
binding to human and bovine serum albumins, fluorescence en- 
hancement 0 Albumin, human and bovine serum-binding of 
three aminonaphthalenesulfonic acid derivatives, fluorescence en- 
hancement Probes-binding of three aminonaphthalenesulfonic 
acid derivatives to serum albumins, fluorescence enhancement 


Drug-biomolecule interactions-fluorescence studies on inter- 
action of aminonaphthalenesulfonic acid derivatives with serum 
albumins Interactions-drugs with biomolecules, symposium 


Interaction of organic molecules with body pro- 
teins has resulted in many facets of research interest 
in biomedical studies. When drugs are bound to plas- 
ma proteins, distribution, therapeutic efficacy, and 
elimination of the drugs may be altered. Biotransfor- 
mation of organic compounds occurs through interac- 
tions of the compounds with metabolizing enzymes. 
The pharmacological effects of drugs are also thought 
to be mediated by interactions of the drug molecules 
with active site proteins. 


Because of the clinical implications of such inter- 
actions, numerous studies have been carried out con- 
cerning these subjects (1, 2). Although aims and ex- 


perimental techniques vary among investigators, 
most studies have been directed toward explaining 
the effects of the interactions. 


In this study, fluorescence spectroscopy was em- 
ployed to study the binding of three fluorescent 
probes to human and bovine serum albumins. A fluo- 
rescent probe is a compound with spectral properties 
such as optimal excitation and emission wavelengths, 
fluorescence intensity, and lifetime of the excited 
state that undergo changes reflecting its molecular 
environment. When probe molecules bind to protein 
binding sites, an enhancement of fluorescence emis- 
sion and wavelength shift occur. 
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Stereochemical Preferences for Curarimimetic 
Neuromuscular Junction Blockade 11: 
Enantiomeric Bisquaternary Amines as Probes 


ALMOURSI A. GENENAH *, TAITO 0. SOINE x, and NADIM A. SHAATH 


Abstract 0 Two pairs of bisquaternary enantiomeric neuromuscu- 
lar junction blocking agents as well as their diastereomeric meso - 
forms were prepared in which the carbon asymmetry is adjacent to 
the quaternary center. The tertiary amines from which the block- 
ing species were obtained by methyl iodide treatment were N - 
methylpavine and l,l’-dodecamethylenebis(6,7-dimethoxy-2- 
methyl-1,2,3,4-tetrahydroisoquinoline). Blocking potencies were 
determined by the mouse inclined screen assay and by the cat 
tongue-hypoglossal nerve technique. The mouse assay showed no 
statistical difference between the enantiomeric probes derived 
from N -methylpavine and only a modest superiority of the (R-R) 
isomer over the (S-S) isomer in the case of the tetrahydroisoqui- 
noline compounds. The cat assay showed a modest statistically sig- 
nificant (R-R) > 6-S) difference in potencies in both kinds of 
probes. The diastereomeric meso -compounds were less active than 
the enantiomers in mice but were of intermediate activity in the 
cat determination. Acetylcholinesterase-inhibiting activity was de- 
termined for each probe to discount potency differences from this 
source, and no significant differences in blocking potency attribut- 
able to preferential enzyme inhibition by the probes were noted. 


Keyphrases 0 Curarimimetic neuromuscular junction blockade- 
stereochemical preferences, enantiomeric bisquaternary amines 
as probes 0 Neuromuscular junction blockade, curarimimetic- 
stereochemical preferences, enantiomeric bisquaternary amines 
as probes 0 N-Methylpavine (enantiomeric bisquatemary amines) 
-probes for stereochemical preferences for curarimimetic neuro- 
muscular junction blockade 0 l,l’-Dodecamethylenebis(6,7-di- 
methoxy-2-methyl-l,2,3,4-tetrahydroisoquinoline (enantiomeric 
bisquatemary amines)-probes for stereochemical preferences for 
curarimimetic neuromuscular junction blockade 


The initial report (1) from these laboratories con- 
cerning the possibility of stereochemical preferences 
being exhibited at the neuromuscular junction 
toward nondepolarizing blocking agents of the curare 
type was concerned with several monoquaternary en- 
antiomeric probes derived from alkaloids related to 
tetrahydroisoquinoline. These studies examined the 
possibility that the exclusive, but modest, (S) > (R) 
(about 1.8:l) blocking potency difference shown by 
the cat assay could have been due to stereopreferen- 


tial binding of the probes by blood components andl 
or by stereoselective acetylcholinesterase inhibition 
since other factors such as absorption, excretion, and 
metabolism differences were unlikely due to the 
rapid onset of block. The blood binding studies on 
both plasma protein and red blood cells indicated a 
low order of binding and a reversed order from that 
which might account for potency differences. The 
stereoselective inhibition of acetylcholinesterase, 
while it had the correct orientation in some cases, was 
of such a low order of activity and so random in its 
focus that it could not be seriously considered as 
causal for the observed potency differences. 


DISCUSSION 


Since neuromuscular junction blockers have traditionally been 
thought of as bisquaternaries, in spite of the recent disclosure that 
(+)-tubocurarine is actually a monoquaternary (2), it seemed ap- 
propriate to test neuromuscular junction stereochemical prefer- 
ences on these types to see whether the preferences determined for 
monoquaternaries extended to the bisquaternaries. Unpublished 
observations in these laboratories had shown that quaternization 
of (f)-N-methylpavine (I) with 1,lO-diiododecane produced a po- 
tent neuromuscular junction blocking agent (11) comparable in ac- 
tivity to (+)-tubocurarine. Therefore, the enantiomeric forms (IIa 
and IIb of this quaternary blocker as well as the meso -form (IIc) 
were considered to be suitable probes in the determination of 
stereochemical preferences at  the neuromuscular junction for 
blocking agents. 


Stereochemical preferences can only be considered valid when 
made between enantiomeric forms since diastereomers have differ- 
ent physical and chemical properties whereas enantiomers only 
differ in rotatory effect on polarized light. On the other hand, the 
fact that enantiomers may be operating in an asymmetric biologi- 
cal environment necessitates giving attention to preferential plas- 
ma protein and/or red blood cell binding as well as to stereoprefer- 
ential acetylcholinesterase inhibition. Previous studies (1) demon- 
strated that blood components probably need not be considered as 
causal for differences in activity. However, acetylcholinesterase in- 
hibition cannot be ruled out as a possible factor, even though it 
was inoperative in the case of the monoquaternaries, because it is 
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well known that benzoquinoniuml, a bisquaternary, has marked 
enzyme inhibitory properties (3). 


The N-methylpavine enantiomers were prepared according to 
the procedures elaborated in the literature (4, 5). The enantiomer- 
ic quaternary probes (IIa and IIb)  were prepared by treatment of 
the appropriate enantiomer with 1,lO-diiododecane; the prepara- 
tion of the meso -form (IIc) required the intermediate preparation 
of (+ ) - (R) -N  -methylpavine-N -(lo-iododecane) iodide (III), which 
was then reacted with ( - ) - (S ) -N  -methylpavine to achieve the de- 
sired meso -product (IIc). The reactions are summarized in 
Scheme I. 


The selection of the quaternary derivative derived from 1,l’- 
dodecamethylenebis(6,7-dimethoxy-2-methyl- 1,2,3,4-tetrahydroi- 
soquinoline) (VIII) as a useful probe was based on the report of its 
activity by Smith et a l .  (6) and the obvious opportunity to use it as 
an enantiomeric probe. Smith et 01. indicated only that activity 
differences existed between two fractions from the synthetic pro- 
cess which had differing solubilities, obviously the racemic pair 
and the meso -form. The possibility for exploring enantiomeric dif- 


Mytolon. 


III 


I I b  


OCH, 
Ib 


OCH 
IIb 


ferences of the racemate as well as the fact that  this paper has 
been cited as an example of such differences (7) suggested that it 
be an appropriate candidate. 


The chemical preparation of VIII (said to be in press) has not 
appeared to date, although it is apparent that  these kinds of com- 
pounds are readily prepared through the reactions shown in 
Scheme I1 with, initially, formation of an appropriate diamide (IV) 
by condensation of 1,12-dodecanedicarboxylic acid chloride with 
homoveratrylamine. Under Bischler-Napieralski ring closure con- 
ditions (8), the bis ring closure occurs to yield the appropriate 3,4- 
dihydroisoquinoline (V). Reduction of V with methanolic sodium 
borohydride and conversion to the hydrochloride salt led to a mix- 
ture of racemic and rneso-l,l’-dodecamethylenehis(6,7-dime- 
thoxy-l,2,3,4-tetrahydroisoquinoline) dihydrochlorides (VI). The 
separation of the two forms was not as easily accomplished by sim- 
ple water recrystallization to effect separation on a solubility hasis 
as was suggested by Smith et al. (6).  The experience of the present 
authors was that absolute ethanol was a far better differentiating 
agent in a solubility sense, as indicated by the experimental re- 
sults. 


To distinguish between the meso and racemic fractions, the free 
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base of each was regenerated and converted to  the bi[(-)-0.0- di- 
p- toluoyltartrate] salt and then subjected to recrystallization from 
different solvents and solvent combinations. Only the salts from 
the racemic form (arbitrarily designated as the A fraction) showed 
marked changes in both melting point and optical rotation when 
recrystallized from a specific solvent mixture [ethanol-ethyl ace- 
tate-acetone (1:22)], and i t  was concluded that this form was the 
one that could be resolved. Indeed, continued recrystallization of 
this salt from the same solvent system resulted in a product that  
had no change in melting point or rotation and which, when treat- 
ed appropriately with base, yielded the (+)-isomer (VIa) as an oil. 
Treatment of the mother liquors by formation of the bitartrate of 
the isomeric (+)-0,O -di-p -toluoyltartaric acid, using the same re- 
crystallization methods, resulted in the enantiomeric salt being ob- 
tained, which yielded the corresponding (-)-isomer (VIb) as an oil 
in the same manner. 


A t  this point, the observations of Battersby and Edwards (9) 
were pertinent to the problem of determining the absolute configu- 
rations of the two enantiomers. The experience of these authors in- 
dicated rather convincingly that a correlation exists between opti- 
cal rotation and absolute configuration if it can be shown that a 
specific shift in rotation can be correlated with a change in solvent 
polarity. In short, if a positive shift in rotation under the specified 
conditions can be identified, the compound has an (S) -configura- 
tion and vice versa. Table I shows the results obtained with the 
two isomers under consideration and certainly indicates that the 
(+)-isomer possesses the (R) -configuration and that the (-)-iso- 
mer possesses the (S) -configuration. Establishment of the abso- 
lute configurations led to the N -methylation of the corresponding 
secondary amines (VIa and VIb) by the Eschweiler-Clarke meth- 
od to the corresponding oily enantiomers, which were then con- 
verted to the desired probes (VIIIa and VIIIb) by treatment with 
methyl iodide. Similar treatment of the meso -form (Fraction B) 
yielded the necessary quaternary probe (VIIIc ). 


Table I-Effect of Solvent Polar i ty  on Optical  Rotat ion 
of Enantiomeric l,l’-Dodecamethylenebis(6,7-dimethoxy- 
1,2,3,4-tetrahydroisoquinolines) 


Molecular Ro ta t ion  in 


Amine. 
2HC1 


Enantiomer C6H6 CHC13 CHaOH CH3OH 


VIa +16.6 +15.5 + 2 . 8  0 . 0  
VIb - 1 6 . 0  - 1 2 . 1  -2 .5  0 . 0  


The pharmacological results encompass both a mouse inclined 
screen test and the cat tongue-hypoglossal nerve assay method. 
The mouse test (10) was initially preferred because it was simple, 
relatively inexpensive, reasonably fast, and adaptable to statistical 
analysis. However, cat data may be more meaningful (1). The rela- 
tive potency ratios were calculated using 100 as the standard po- 
tency of (+)-tubocurarine. Analyses of the dose-response data for 
each individual compound showed no significant deviation from 
parallelism of the dose-response curves observed among the three 
compounds in each series or between each compound and (+)-tu- 
bocurarine. The test for parallelism was important since nonparal- 
lelism would imply a different mechanism of action which would, 
of course, negate any finding of potency differences. 


Tables I1 and 111 give the ED50 values and potency ratios (based 
on EDSO) for (+)-tubocurarine and the compounds synthesized for 
this study. The results show that, in mice, no significant difference 
for the N -methylpavine-derived probes could be detected between 
the enantiomers, although both were significantly more potent 
than the meso -isomer. With the 1 ,l’-dodecamethylenebis(6,7-di- 
methoxy-2,2-dimethyl-1,2,3,4-tetrahydroisoquinolinium) iodides, 
the (R-R)- isomer was approximately twice as potent as its enan- 
tiomer and both were more potent than the meso -form [i.e., the 
(R-Sj form]. In the cat assay (Table 111), a more definitive pre- 
dominance of the (R-Rj-enantiomer was evident although, again, 
the ratio approximates 21. It is interesting that, in the cat assay, 
the diastereomeric (R-Sj form adopts a potency position interme- 
diate between the enantiomers that is significantly different than 
the mouse assay data, which show the (R-S) forms being less ac- 
tive in both cases. 


Assessing all data presented in these experiments leads to the 
inescapable conclusions that the (R-Rj bisquaternaries tend to 
have a greater neuromuscular junction blocking potency than the 
(S-S) forms and that the potencies of the diastereomeric (R-S) 
forms are dependent on the animal used for assay. 


The differences in cited activity were also examined in the light 
of the ability of these compounds to inhibit acetylcholinesterase 
which, undoubtedly, could influence the gross measurement of 
neuromuscular junction blocking activity. The methods were de- 
scribed previously (l), and it was determined that there were no 
significant differences in blocking ability by the various isomers 
(Table IV). On this basis, it must be concluded that there is a mod- 
est but significant predominance in blocking activity by the (R-R) 
absolute configuration in these types of bisquaternaries. This find- 
ing is exactly the reverse of the findings with monoquaternary en- 
antiomeric probes (1). The significance of this difference is not ap- 
parent a t  this time. 


EXPERIMENTALz 


Preparat ion of Enantiomeric N-Methylpavines-The N -  
methylpavines (I) were prepared according to the published pro- 
cedure (3,4). The racemic base was resolved by (+)-L-tartaric acid 


* Melting points were determined on a Thomas-Hoover melting-point ap- 
paratus and are uncorrected. TLC was conducted on Eastman chromagram 
sheet 6060 silica gel, and visualization was done with both UV lamp and io- 
dine vapor. Elemental analyses were performed by M-H-W Laboratories. 
Garden City, Mich. Optical rotations were measured on a Perkin-Elmer 141 
polarimeter. IR spectra were determined in mineral oil or KBr with a Per- 
kin-Elmer 237B grating IR spectrophotometer. NMR spectra were mea- 
sured with a Varian Associates model A-60D NMR spectrometer. Mass 
spectral determinations were performed by Mass Spectrometry Laboratory 
Services, Department of Chemistry, University of Minnesota, Minneapolis. 
MN 55455. using an AEI-MS30 mass spectrometer or a Hitachi Perkin- 
Elmer RMU-6D mass spectrometer. 
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Table II-EDU and Potency Ratios in t h e  Mouse Assay for  
Neuromuscular Junction Blocking Potency 


Compound 


Potency Ratios 
[ ( + -Tuba- 


ED%, curarine 
mg/kg = 1001 


(+) -Tubocurarine 
I I U  
I I b  
I I C  


VIIIU 
VIIIb 
VIIIC 


0.34 100 
0 .45  76 
0 .42  81 
0.72 47 
2.00 17  
3.80 9 
5 .60  6 


to afford (+)-(R)-N- methylpavine (Ia), mp 150-151", [a]DZ5 
+211° (c 1.0, CzHsOH), and by (-)-D-tartaric acid to afford (-)- 
(S)-N-methylpavine (Ib), mp 151-153", [a]Dz5 -210" (c 1.0, 
C2HsOH). These values were in excellent agreement with litera- 
ture values (4). 


N,N'-Decamethylenebis[(+)- (R)-N-methylpavinium Io- 
dide] (Ih-1,lO-Diiododecane (1 g, 0.0025 mole) and ( + ) - N -  
methylpavine (3.5 g, 0.01 mole) were dissolved in dry benzene (30 
ml) and then refluxed in an oil bath at  95' for 5 days. Ethanol was 
occasionally added dropwise to keep the reaction mixture homoge- 
neous, and then the mixture was cooled in a refrigerator for 2 days. 
The solid cake which separated was obtained by decantation, 
crushed, and washed twice with cold benzene. Attempted crystalli- 
zation by dissolving in methanol and adding ether failed to give a 
crystalline product; but the resulting gummy precipitate, when 
rubbed with a glass rod, consistently gave a white solid, mp 178- 
1 8 1 O  dec., [ a ] ~ ~ ~  +186O (c 1.0, CHsOH). 


Anal.-Calc. for C52H7012N208: C, 56.52; H, 6.34; N, 2.54. 
Found: C, 56.25; H, 6.41; N, 2.42. 


N,N'-Decamethylenebis[ (-)- (S)-N-methylpavinium Io- 
dide] (1Ib)-This compound was prepared in the same manner as 
the (+)-isomer by refluxing 1,lO-diiododecane (1.0 g, 0.0025 mole) 
and the (-)-N-methylpavine (3.5 g, 0.Oi mole) in dry benzene for 
5 days to give 2.0 g of product, mp 181-182' dec., [(.IDz5 -190' (c 
1.0, CHBOH). 


Anal.-Calc. for C52H7012N208: C, 56.52; H, 6.34; N, 2.54. 
Found: C, 56.26; H, 6.20; N, 2.36. 


(+)- (R)-N-Methylpavine-N-( 10-iododecane) Iodide (111) 
-(+)-N-Methylpavine (1.0 g) was dissolved in anhydrous ben- 
zene (10 ml) and added dropwise to a refluxing solution of 1,lO- 
diiododecane (5 g) in dry benzene (30 ml) in an oil bath a t  95' with 
vigorous stirring and refluxing. The addition was completed in 6 
hr; the reaction mixture was allowed to reflux for 2 days, cooled to 
room temperature, and stored in a refrigerator for 2 days. The 
solid layer was separated by decantation, crushed, washed twice 
with cold benzene, filtered, and dried. The solid residue was lixi- 
viated with methanol-ether (l:l), and the insoluble residue was re- 
moved by filtration. Evaporation of the filtrate and recrystalliza- 
tion of the residue by dissolving in methanol and dropping into a 
large excess of ether yielded 0.6 g of a white crystalline powder, mp 
129-132' (prior softening at  115"), [,IDz5 +150° (c 1.0, CH30H). 


Anal.-Calc. for C31H4512N04: C, 49.66; H, 6.01; I, 33.9; N, 1.87. 
Found: C, 50.34; H, 6.21; I, 33.1; N, 2.13. 


This was the best analysis achieved and was not improved by 
additional attempts at purification. 
meso-N,N'-Decamethylenebis(N-methylpavinium Iodide) 


(1Ic)-Compound 111 (0.4 g, 0.00053 mole) was dissolved in etha- 
nol together with (-)-N-methylpavine (1.0 g, 0.0028 mole), re- 
fluxed in an oil bath for 4 days at  95O, cooled, and added dropwise 
to a large excess of ether. The precipitate was collected, dissolved 
in methanol, and added dropwise to a large excess of ether. The 
process was repeated three times to yield 0.3 g of a white powder, 
mp 179-181' (with decomposition and prior softening at  165') 


Anal. -Calc. for C52H7012N208: C, 56.52; H, 6.34; I, 23.0; N, 2.54. 
Found: C, 56.41; H, 6.28; I, 23.2; N, 2.47. 
1,12-Dodecamethylenebis[2-(3',4'-dimethoxyphenyl)ethyla- 


mide] (IV)-2-(3',4'-Dimethoxyphenyl)ethylamine (36 g, 0.2 
mole) was dissolved in benzene (500 ml) in a 2-liter flask fitted 
with a condenser, a mechanical stirrer, and an addition funnel con- 


[ a ] D Z 5  +26.7' (C 1.0, CHzOH). 


Table 111-EDW and Potency Rat ios  in C a t  Assay for 
Neuromuscular Junction Blocking Potency 


E D s ~  
Potency 


Potency Ratio of 
Ratios Isomersb 


[(+)-.Tuba- (Most 
EDso", curarine = Potent  


Compound m g / k  1001 = 1) 


IIU 0.010 1500 1 . 0  
I Ib  0.021 714 2 . 1  
I I C  0.019 790 1 . 9  


- (+)-Tubocurarine 0 . 1 5  100 


VIIIU 
VIIIb 
VIIIC 


0.320 
0.780 
0.530 


47 1 . 0  
19 2 . 4  
28 1 . 7  


a These values are with a 95% confidence limit.'b A statistical comparison 
was made between the line elevations of the isomers to evaluate the signifi- 
cance of the difference in EDra values. For the aeries IIa, IIb, and IIc, the 
values of Fe1 (dF', d F )  were 1.95 (2, 36); for the series VIIIa, VIIIb. and 
VIIIc, the values were 0.83 (2, 32). In both caaes the slopes between the iso- 
mers were not statistically different and, thus, the observed potency ratios are 
real and statistically different. 


taining 1,12-dodecanedicarboxylic acid chloride [prepared from 
1,12-dodecanedicarboxylic acid (26 g) and thionyl chloride (70 ml) 
in benzene]. The acid chloride solution was added dropwise to the 
amine solution with vigorous stirring and, after the addition was 
completed, the reaction mixture was allowed to cool to room tem- 
perature and filtered. The residue was recrystallized twice from 
ethanol to yield 54.6 g of white crystals (93%), mp 152-153'; IR 
(cm-I): 1642 (C=O) and 3310 (N-H). 


Anal. -Calc. for C34H52N206: C, 69.86; H, 8.90; N, 4.79. Found: 
C, 70.08; H, 8.75; N, 4.82. 


1.1' - Dodecamethylenebis(6,7 - dimethoxy - 3,4 - dihydroiso- 
quinoline) (V)-The preceding diamide (IV) (50 g, 0.086 mole) 
was dissolved in dry chloroform (300 ml), and phosphorus oxychlo- 
ride (50 ml) was added. The mixture then was refluxed in an oil 
bath a t  75' for 3 hr and poured into ice water. The mixture was 
made alkaline with 10% aqueous sodium hydroxide and then ex- 
tracted with chloroform (5 X 250 ml). The chloroform extract was 
washed with water, dried, and evaporated to dryness. The residue 
was recrystallized from benzene to yield 40 g (85%) of white crys- 
tals, mp 104-105". The IR and NMR data were compatible with 
the expected structure. 


And-Calc. for C34H48N204: C, 74.45; H, 8.76; N,  5.11. Found: 
C, 74.51; H, 8.69; N, 5.21. 
l;lr-Dodecamethylenebis(6,7-dimethoxy-l,2,3,4 - tetrahydro- 


isoquinoline) Dihydrochlorides (V1)-Compound V (35 g) was 
dissolved in methanol containing 1% water (300 ml), and the re- 
sulting solution was then cooled in an ice bath. Sodium borohy- 
dride (30 g) was added to this solution in small portions with stir- 
ring while not allowing the temperature to rise above 5'. Upon 
completion of the addition, the continuously stirred solution was 
allowed to stand at  room temperature for 30 min and then refluxed 
on a steam bath for 2 hr. It was then cooled to room temperature 


Table IV-Acetylcholinesterase Inhibition by 
Enantiomeric Neuromuscular Junction Blockers 


Wilkinson K ;  Ratio 
V,,,, between 


Wilkinson KP, mole/unit/ Enantio- 
Compound X M min mers 


Acetylcholine 2.56 -I 0.02  1 .008  f 0 . 0 5  


(+)-Tubocu- 4 .29 =t 0.40 1 . 5 5  + 0 . 7 0  
( K m )  


rarine 
I I U  
I I b  


0 .75  f 0 . 1 0  0 . 5 3  =k 0 . 1 0  
0 . 8 2  f 0 . 0 8  0.55 f 0 . 0 5  0'914:1'00 


VIIIU 8 .27  =I= 0.04  0 . 2 6  f 0 . 0 1  
VIIIb 10.62 + 0 . 0 6  0 .31  f 0 . 0 3  0'779:1'00 


0 Determined by calculation from computer program (Wilkinson; gener- 
ated, altered K, values. 
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and the solvent was removed under reduced pressure. The residue 
was suspended in water (100 ml), made alkaline with 10% aqueous 
sodium hydroxide, and extracted with chloroform (5 X 150 ml). 
The chloroform extract was washed with water, dried, and 
stripped of solvent under reduced pressure to leave an oily residue 
(33.7 g, 96%) which, when stored in a refrigerator overnight, was 
converted into a soft solid. This soft solid, dissolved in 200 ml of 
anhydrous ether, was treated with dry hydrogen chloride gas with 
continuous stirring until precipitation ceased. The precipitate was 
removed by filtration and recrystallized from ethanol t o  yield 33.0 
g of white crystals, mp 142-144". 


Anal. -Calc. for C34H5&12N204: C, 65.28; H, 8.64; C1, 11.36; N, 
4.48. Found: C, 65.40; H, 8.59; Cl, 11.51; N, 4.39. 


Separation of meso and  Racemic 1,l'-Dodecamethylene- 
bis(6,7-dimethoxy-l,2,3,4-tetrahydroisoquinoline) Dihydro- 
chlorides (V1)-The separation was carried out be repeated re- 
crystallizations of the VI dihydrochloride salt from absolute etha- 
nol until no further change in the melting points of the differently 
soluble fractions was observed. The fraction least soluble in abso- 
lute ethanol (A), mp 199-201", provided a yi$d of 6.0 g; the more 
soluble fraction (B), mp 138-141", provided a yield of 5.4 g. 


Identification of t he  Racemic a n d  meso Species-The free 
bases of Fractions A and B were obtained by dissolving 5 g of each 
salt separately in 50 ml of water and then alkalinizing with 10% 
aqueous sodium hydroxide followed by ether extraction (4 X 50 
ml) to give an ethereal solution which was dried and stripped of 
solvent. Each oily residue (2.0 g, 0.0036 mole) was dissolved in eth- 
anol (15 ml) and added to 15 ml of a hot alcoholic solution of (-1- 
0,O -di-p -toluoyltartaric acid (2.8 g, 0.0072 mole), and the result- 
ing mixture was allowed to cool overnight in a refrigerator. The 
solid cake in each case was then separated and dried. The salt from 
Fraction A was a white solid, mp 133-135", [,IDz5 -79.5" (c 1.0, 
CHzOH); the salt of Fraction B was a semisolid and solidified only 
after several washings with ether to give a product, mp 130-132", 


Recrystallization of both salts from ethanol-ethyl acetate-ace- 
tone (1:22) separated a nicely crystalline solid only from the salt of 
Fraction A, whereas the salt from Fraction B always formed a soft 
semisolid cake. Repeated recrystallization of the salt of Fraction A 
finally resulted in 0.6 g of a white crystalline solid (VI-A), mp 
155-157", [ a l p  -65.8" (c 1.0, CH30H). 


Anal. -Calc. for C74Hs8N2020: C, 67.07; H, 6.65; N, 2.11. Found: 
C, 66.96; H,6.61; N, 2.02. 
(t) - 1,l'- Dodecamethylenebis(6,7 -dimethoxy - 1,2,3,4-tetra- 


hydroisoquinoline) (VIa )-Compound VI-A (0.5 g) was sus- 
pended in water, alkalinized with 10% aqueous sodium hydroxide, 
and extracted with ether. The ethereal extract was then washed 
with water, dried, and evaporated to dryness, leaving 0.2 g of an 
oily residue, [a]1125 +2.5 f 0.1" (c 1.0, CHC13). Its dihydrochloride 
showed a melting point of 199-201" and [ a ] 3 #  of -421 f 0.5" (c 


(-)- l,l'-Dodecamethylenebis(6,7 -dimethoxy- 1,2,3,4-tetra- 
hydroisoquinoline) (V1b)-The mother liquors left from the re- 
crystallization of VI-A were collected and stripped of solvent; the 
residue was dissolved in water, alkalinized with 10% aqueous sodi- 
um hydroxide, and extracted with ether. The ethereal extract was 
washed and dried, and the solvent was evaporated to leave an  oily 
residue (1.5 g). This oily residue was dissolved in 15 ml of ethanol, 
added to 15 ml of a hot alcoholic solution of (+)-0,O -di-p- toluoyl- 
tartaric acid (2 g), and then left overnight in a refrigerator. The 
solid cake which formed was separated and recrystallized exten- 
sively in the same way as for VI-A to give 0.7 g of white crystalline 
solid, mp 154-156", [ a ] ~ ~ ~  +66.1" (c 1.0, CHaOH). 


Anal. -Calc. for C7.&8N&): C, 67.07; H, 6.65; N, 2.11. Found: 
C, 67.10; H, 6.70; N, 2.21. 


The free base was obtained in exactly the same way as for VIa 
to give 0.3 g as an oily residue, [a]nz5 -2.3 f 0.1' (c 1.0, CHC13). 
Its dihydrochloride showed a melting point of 198-200" and a 
[ L Y ] ~ G ? ~  of +395 f 0.5' (C 1.0, CHxOH). 


(+) - 1,l' - Dodecamethylenebis(6,7 - dimethoxy - 2 - methyl- 


-77.90 (c 1.0, CH~OH).  


1.0, CH30H). 


1,2,3,4-tetrahydroisoquinoline) (VIIa )-Compound VIa (0.2 g) 
was dissolved in a cold mixture of 5 ml of 90% formic acid and 4 ml 
of 40% aqueous formaldehyde, and the solution was then heated on 
a steam bath for 16 hr. The reaction mixture was cooled to room 
temperature, treated with 5 ml of 4 N HCI, and evaporated to dry- 
ness under reduced pressure. The residue was then dissolved in 
water, made alkaline with 10% aqueous potassium hydroxide, and 
extracted with ether. The ethereal extract was washed, dried, and 
evaporated to  leave an oily residue (0.18 g), [,IDz5 +3.2 f 0.1" (c 


Quaternization of VIIa with methyl iodide in methanol afforded 
VIIIa as a pale-yellow powder, which started decomposing a t  220° 
and charred a t  about 350", 


Anal.-Calc. for C ~ S H & N ~ O ~ :  C, 52.78; H, 7.17; I, 29.38; N, 
3.24. Found: C, 52.53; H, 7.3; I, 29.2; N, 3.25. 


(-) - 1,l' - Dodecamethylenebis(6,7 - dimethoxy - 2 - methyl- 
1.2,3,4-tetrahydroisoquinoline) (VII b)-Compound VIb (0.3 g) 
was methylated with formic acid and formaldehyde in the same 
manner as was VIa to yield finally 0.25 g of an oily product, [(.IDz5 


Quaternization of VIIb with methyl iodide gave VIIIb as a pale- 
yellow powder, which started decomposing a t  220" and charred a t  
about 360", [ ( Y ] D ~ ~  -2.8" (c 1.0, CH30H). 


Anal.-Calc. for C ~ & I ~ Z I & O ~ :  C, 52.78; H, 7.17; I, 29.38 N, 
3.24. Found: C, 52.91; H, 7.05; I, 29.1; N, 3.29. 


meso- 1,l' - Dodecamethylenebis(6,7 - dimethoxy - 2 -methyl- 
1,2,3,4-tetrahydroisoquinoline) (VI1c)-The meso -base was 
methylated in the same manner as VIa to yield an oily residue. 


Quaternization with methyl iodide gave VIIIc as a white pow- 
der, which started decomposing at  about 210" and charred at  
about 340". 


Anal.-Calc. for C38H62I~N204: C, 52.78; H, 7.17; I, 29.38 N, 
3.24. Found: C, 52.99; H, 7.30; I, 29.20; N, 3.11. 


1.0, CH30H). 


+2.8" (c 1.0, CH30H). 


-3.1 f 0.1" (C 1.0, CHsOH). 


REFERENCES 


(1) P. W. Erhardt and T. 0. Soine, J. Pharm. Sci., 63, 
53( 1974). 


(2) A. J. Everett, L. A. Lowe, and S. Wilkinson, Chem. Com- 
mun., 1970,1020. 


(3) 0. Carrier, Jr., in "Medicinal Chemistry," 3rd ed., part 2, 
A. Burger, Ed., Wiley-Interscience, New York, N.Y., 1970, p. 1593. 


(4) A. R. Battersby and R. Binks, J.  Chem. SOC., 1955,2888. 
(5) M. J. Martell, Jr., T. 0. Soine, and L. B. Kier, J. Pharm. 


(6) C. M. Smith, E. Pelikan, L. Maramba, and K. Unna, J. 


(7) R. B. Barlow, "Introduction to Chemical Pharmacology," 


(8) Org. React., 6,74(1951). 
(9) A. R. Battersby and T. P. Edwards, J .  Chem. Soc., 1960, 


Sci., 56,973(1967). 


Pharmacol. Exp. Ther., 108,317( 1953). 


2nd ed., Wiley, New York, N.Y., 1964, p. 127. 


1214. 
(10) J. 0. Hoppe, Curr. Res. Anesth. Analg., 30,262(1951). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received April 26,1974, from the Medicinal Chemistry Depart- 
ment, College of Pharmacy, University of Minnesota, Minneapo- 
lis, M N  55455 


Accepted for publication June 13, 1974. 
Supported by Research Grant NS08427 from the National Insti- 


tutes of Health, US. Public Health Service, Bethesda, MD 20014 
The authors are indebted to Dr. E. Dunham, Department of 


Pharmacology, and Dr. D. Larson, Department of Medicinal 
Chemistry, University of Minnesota, for their counsel during the 
biological work. 


* Present address: Faculty of Pharmacy, University of Cairo, 
Cairo, Egypt. 


To whom inquiries should be directed. 


66 /Journal of Pharmaceutical Sciences 








122(1963). 
(4) E. Davis, Med. J. Aust., 1,150(1964). 
(5) V. Jacobs, Med. Klin., 59,1070(1964). 
(6) J. W. M. Jongmans, Epilepsia, 5,74(1964). 
(7) M. Lorgk, Schweiz. Med. Wochenschr., 93,1042(1963). 
(8 )  A. Leder, Nervenarzt, 41,59(1970). 
(9) A. S. Troupin, J. R. Green, and R. H. Levy, Neurology, in 


press. 
(10) A. Frigerio, K. M. Baker, and P. L. Morselli, Adoan. Bio- 


chem. Psychopharmacol., 7,125(1973). 
(11) A. Frigerio and P. L. Morselli, Boll. Chim. Farm., 112, 


429(1973). 
(12) P. L. Morselli, M. Gerna, and S. Garattini, Biochem. Phar- 


macol., 20,2043(1971). 
(13) R. A. Ronfeld and L. Z. Benet, “Abstracts of Papers,” 


APhA Academy of Pharmaceutical Sciences, San Diego, Calif., 
Nov. 1973, Abstract 73. 


(14) P. Friel and J. R. Green, Clin. Chim. Acta, 43,69(1973). 
(15) H. Gruska, K. H. Beyer, S. Kubicki, and H. Schneider, 


Arch. Torikol., 27.193(1971). 


PHA RMA C E  UTICA L ANAL YSIS 


(16) BMDX85, University of Washington Computing Facility, 


(17) S. Riegelman, J. C. K. Loo, and M. Rowland, J. Pharm. 


(18) W. J. Westlake, ibid., 60,882(1971). 
(19) Ibid., 62,1579(1973). 
(20) M. Rowland, J.  Pharm. Sci., 61,70(1972). 
(21) R. P. Forsyth, A. S. Nies, F. Wyler, J. Neutze, and K. L. 


Seattle, Wash. 


Sci., 57,117(1968). 


Melmon, J.  Appl.  Physiol., 25,736(1968). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received June 3, 1974, from the Department of Pharmaceutical 
Sciences, School of Pharmacy, and the Department of Neurologi- 
cal Surgery, School of Medicine, University of Washington, Seat- 
tle, W A  98195 


Accepted for publication August 19,1974. 
Supported by Contract N01-NS-1-2282 and Grant NS04053 of 


the National Institute of Neurological Disease and Stroke. 
To whom inquiries should be directed. 


___ 


New Color Reaction for Determination of 
Bacitracin in Ophthalmic Ointments 


J. DOULAKAS 


Abstract A colorimetric method was developed for the rapid 
analysis of bacitracin in ophthalmic ointments. The method in- 
volves the oxidation of a-aminocarboxylic acid with sodium hypo- 
bromite in an alkaline medium and condensation of the resulting 
aldehyde with phloroglucinol in concentrated hydrochloric acid to 
yield a pink color which gives an absorbance maximum at 505 nm. 
The relationship between absorbance and the quantity of bacitra- 
cin reacted obeyed Beer’s law over the 15-100-pg/ml concentration 
range studied, and the produced color was stable for several hours. 
Furthermore, the method, which can be applied directly to the 
aqueous dissolution sample, gave results comparable to the official 
microbiological analytical procedure. The standard deviation is 
equal to f1.81%. 


Keyphrases Bacitracin-colorimetric analysis in ophthalmic 
ointments Ophthalmic ointments-colorimetric analysis of baci- 
tracin Ointments, ophthalmic-colorimetric analysis of bacitra- 
cin Colorimetry-analysis, bacitracin in ophthalmic ointments 


Although numerous microbiological methods (1-9) 
have been reported for the determination of bacitra- 
cin, the chemical analysis of this antibiotic in dosage 
forms has been a difficult task. The current widely 
accepted procedure for the determination of bacitra- 
cin employs a microbiological assay. In general, this 
procedure requires considerably more time than do 
chemical methods. For this reason, it was thought de- 


sirable to develop a chemical assay for the antibiotic 
in the hope of achieving rapid results with greater ac- 
curacy and precision. UV spectrophotometry, be- 
cause of the very low absorbance of bacitracin, can be 
used for identification purposes rather than for a 
quantitative determination (10, 11). 


Stretton et al. (12) reported the separation of zinc 
bacitracin, neomycin sulfate, and polymyxin B sul- 
fate by various chromatographic procedures. They 
worked with the pure antibiotics and determined 
them colorimetrically, using a ninhydrin reagent, ac- 
cording to Maehr and Schaffner (13), after previous 
electrophoretic separation. 


A simpler and shorter approach seemed to  be one 
which might take advantage of the lability of the 
aminocarboxylic groups toward oxidation. Since 
these groups can be oxidized to the aldehyde (14) by 
sodium hypobromite fairly readily and further con- 
densed with phloroglucinol (15)) it was anticipated 
that this technique could be employed for a quantita- 
tive assay of bacitracin. 


In the present investigation, it was found that bac- 
itracin could be quantitatively determined by 
employing a colorimetric technique. The procedure is 
based upon heating the antibiotic with alkali sodium 
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1 2 3 4 5 6 
MINUTES 


Figure 1-Reaction time at100" 


hypobromite and condensing the resulting aldehyde 
with phloroglucinol reagent in an acid medium. The 
absorbance of the color produced is measured spec- 
trophotometrically at 505 nm. The color-producing 
reaction with bacitracin gives excellent results and 
has not been previously reported. 


EXPERIMENTAL 


Instrumentation-Spectra and absorbance measurements were 
made with a double-beam spectrophotometer'. Matched glass-cells 
with a 2-cm optical path were used. 


Reagents and Chemicals-Bromine and phloroglucinol, ana- 
lytical reagent grade2, were used as the chromogenic reagents. All 
solvents and other reagents used were also analytical reagent 
grade2. 


Sodium Hypobromite Solution-Dissolve 2 g of bromine into a 
100-ml glass-stoppered volumetric flask, which has been previous- 
ly half-filled with 1 N sodium hydroxide solution. Dilute to volume 
with the same solvent. 


Phloroglucinol Reagent-Dissolve 0.5 g of phloroglucinol, in a 


c z 
W 
V 
(L 
W a 


I I I 1 
450 500 550 600 


WAVELENGTH, nm 


Figure 2-Absorption spectrum of bacitracin (80 pg/ml). 


1 Hitachi Perkin-Elmer model 124 (UV and visible). 
E. Merck Ltd., Darmstadt, West Germany. 


o'2 t - 
20 40 60 80 100 


BACITRACIN FINAL 
CONCENTRATION, &/ml 


Figure 3-Relationship between absorbance and  concentration 
of bacitracin. 


50-ml glass-stoppered volumetric flask, in 15 ml of distilled water 
by warming in hot water and shaking. Dilute to volume with con- 
centrated hydrochloric acid (37%). 


Standard Reference Solution-Bacitracin3, pure according to 
BP 1968, with a biological potency of 65 units/mg, was used. The 
purity of the commercially available bacitracin was checked by 
UV, TLC, and microbiological assay and was found acceptable. I t  
was used as such without further purification. Bacitracin (10 mg) 
was dissolved in distilled water in a 50-ml glass-stoppered volu- 
metric flask and diluted to volume with the same solvent. 


Analytical Procedure-Weigh accurately a sample of the 
ophthalmic ointment, equivalent to approximately 10 mg (650 
units) of bacitracin, into a 50-ml glass-stoppered centrifuge tube 
fitted with a ground-glass joint. Add 2 ml of ligroin (40-60°), warm 
slightly (e.g., in a water bath at  40°), and shake briefly until the 
contents of the tube become a homogeneous viscous mass. Add 4.0 
ml of distilled water and shake mechanically for 1 hr. 


To assist solution of the active compounds, interrupt the shak- 
ing two or three times for I-min intervals and place the tube brief- 
ly in the water bath each time. Finally, centrifuge for 5 min at  3000 
rpm. Remove the aqueous (lower) phase with the help of a pipet, 
and filter it through a filter paper previously washed with distilled 
water and dried. Pipet 2.0 ml of the filtrate into a 25-ml glass-stop- 
pered volumetric flask and fill to volume with distilled water. 


5 10 15 20 25 
MINUTES 


Figure 4-Decompositicn of bacitracin o t  50 + 0.1 O (pH 13). 
Key: 0, colorimetric determination; and  0, biological defer- 
mination (I mg/ml). 


~~~ 


Sigma Chemical Co. 
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Table I-Analysis of Known Bacitracin Ophthalmic 
Ointment for Bacitracin b y  Two Different Methods 


Assay b y  the 
Sodium 


Hypobromite- Assay b y  the 
Phloroglucinol Ninhydrin 


Trials Reagent, mg/g Reagent, mg/g 


4 . 0 0  
3 . 9 5  
3 . 8 9  
4 . 0 0  
4 . 0 0  
3 . 9 2  
3 . 8 0  
4 . 0 1  
3 . 9 6  


3 . 9 8  
3 .87  
3 . 9 0  
4 . 0 1  
3 . 8 8  
4 . 0 9  
3 .91  
4 .14  
3 . 9 3  


10 3 . 9 0  3 .86  
R = 3 . 9 4  3 .96  
SD = zt0.07 0.10 


Color Formation-Pipet 4.0 ml of an aqueous solution contain- 
ing 60-200 pg bacitracidml into a 20-ml glass test tube, and add 
1.0 ml of sodium hypobromite solution. Place the tube in a boiling 
water bath for 5 rnin and then add 3.0 ml of phloroglucinol re- 
agent. Stir and develop the color by placing the tube in the bath 
again for a further 10 min. A pink stable color is developed. Cool 
by placing the tube in cold water (20') for about 10 min. 


Pipet 2.0 ml of 95% ethanol into the tube (occasionally a faint 
opalescence develops which disappears when ethanol is added) and 
shake well. Determine the absorbance, A,, of the solution at 505 
nm in a 2-cm cell against a reagent blank using a suitable spectro- 
photometer. Concomitantly carry out the reaction with the refer- 
ence standard bacitracin in a 20-ml glass test tube, and follow the 
procedure described for color formation. 


By designating the bacitracin standard weighed out in milli- 
grams as C, and the absorbance of the standard solution produced 
as A,, the bacitracin present in the ointment can be calculated 
from the equation: 


A, x c, 
bacitracin (mg/g) = (Eq. 1) 


A, x sample weight (8) 


Multiplying this equation by the factor I, where I indicates the mi- 
crobiological potency of the standard bacitracin in units per milli- 
gram, one gets units of bacitracin per gram of ointment. 


TLC-Ointments containing bacitracin and neomycin as active 
compounds were extracted as described. Bacitracin was then de- 
termined after TLC because neomycin interferes with the determi- 
nation of bacitracin using this color reaction. 


TLC was carried out on 20 X 20-cm glass plates coated with an 
approximately 300-gm layer of silica gel GF25d4 activated at  110' 
for 45 min. The plates were treated with the developing solvent of 
n-butanol-acetic acid-water-pyridine (3022:38:6, v/v) (12) over 
the whole 20-cm length and finally dried with a hair drier. 


Using a microsyringe, apply 200 p1 (approximately 500-800 gg of 
neomycin sulfate and bacitracin) of standard and test solutions as 
two thin uniform strips on the starting line of a prepared TLC 
plate. Take care not to damage the silica gel layer, which is easily 
flaked off the plate. Leave a 6-cm length in the middle of the plate 
for the blank. Develop the plate in the developing solvent for 
about 2.5 hr and then dry it, first by removing most of the solvent 
with the hair drier and then by placing the plate in a vacuum oven 
at 50" and 5-10 torr for 30 min. This procedure avoids decomposi- 
tion of bacitracin. 


Viewing the plate under a UV lamp (254 nm), mark out the 
standard and test zones of bacitracin situated on the upper half of 
the chromatogram, with Rf  about 0.86, and scrape them separately 
off the plate using a spatula. Neomycin spots were visualized by 
spraying with ninhydrin reagent, R, about 0.65. Place each zone in 
a 50-ml centrifuge tube fitted with a ground-glass joint, and place 
an equally sized area of adsorbent from the middle 6-cm section of 
the plate (representing the adsorbent background) into a third 
tube for preparing the blank. 


Table 11- Comparative Assay of Bacitracin in Ophthalmic 
Ointments Containing 4 mg/g Bacitracin 


Colorimetric Microbiological 
Sample Method, % Method, % 


1 
2 
3 
4 


102.3  
9 9 . 1  
9 7 . 3  
9 6 . 8  


5 100.4 
6 9 8 . 2  
7 9 7 . 7  
8 9 9 . 4  


R = 9 8 . 9  
SD = f 1 . 8 1  
RSD = zt1.81 


113.6 
107.2 
104.1 
9 7 . 8  
9 6 . 6  
9 8 . 8  
9 2 . 7  


103.2 
101.75 
f 6 . 6 6  
=t6.66 


Into each tube, pipet 5.0 ml of pH 13 phosphate buffer (dissolve 
100 mg of sodium phosphate dibasic dihydrate in 100 ml of 0.1 N 
sodium hydroxide, pH 12.71, and extract the active compound by 
placing the tubes on a mechanical shaker for 30 min. Centrifuge 
for 5 rnin at  3000 rpm. 


Pipet 4.0 ml of each of the three supernatant solutions into three 
20-ml test tubes, and carry out the color reaction in exactly the 
same manner as described under Color Formation, beginning with 
". . . add 1.0 ml of sodium hypobromite solution." Bacitracin can 
be calculated from Eq. 1. 


RESULTS AND DISCUSSION 


By considering bacitracin as a compound containing aminocar- 
boxylic acids of the type R-C(-NH2)-H-COOH, the possible 
oxidation reaction is shown in Scheme I (14). 


R-CH-CCOOH + NaBrO - 
I 
NH? 


R-CHo + NH, + COl + NaBr 


'H 
Scheme I 


The a-aminocarboxylic acids are both deaminated and decarboxy- 
lated on treatment with alkali hypobromite. An aldehyde with one 
carbon atom less than in the original amino acid results. 


The resulting aldehyde condenses with phloroglucinol in con- 
centrated hydrochloric acid to yield pink-colored monomethine 
chloride (Scheme 11) (15). The concentration optimum of the sodi- 
um hypobromite reagent was determined using concentrations of 
1, 1.5, 2, 2.5, and 3% of active bromine. The best results were ob- 
tained with the reagent a t  2%. The exact concentration of the re- 
agent is very important, because large variations may lead to con- 
siderable changes in color intensity. Therefore, the concentration 
may be checked by prior iodometric titration of the bromine. 


The reaction time was determined following the color develop- 
ment a t  the temperature of the boiling water bath. The results 
(Fig. 1) indicated that a heating time interval of only 5 min with 
the alkaline sodium hypobromite reagent is required to obtain 


HO. 
H R-C / + &OH 2 


- H C) \O 
HO' 


R-CH*OH]Cl- HO + H1O 


HO 


Scheme II ' Merck. 
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Table 111-Assay of Bacitracin a f t e r  TLC 


Sample Recovery,  % 


1 1 0 4 . 0  
2 1 0 0 . 0  
3 9 9 . 4  
4 100.6 
5 1 0 5 . 2  
6 9 6 . 1  


complete reaction. The optimum reaction time for the phlorogluci- 
no1 reagent was 10 min, and only the 1% concentration in 31% hy- 
drochloric acid was used. 


The reaction reaches a maximum after 5 min and remains al- 
most stable for several hours. This asset is very important for a 
method to be used regularly in quality control and for series deter- 
minations. Twenty-four hours after the beginning of the reaction, 
the maximum of the visible absorption spectrum remains constant 
a t  505 nm while the absorbance shows a small increase of about 4% 
(Fig. 2). 


Linearity-Concentration was found to  be proportional to ab- 
sorbance for the chromophore produced by reaction of bacitracin 
with the chromogenic reagent. A typical Beer’s law plot is shown in 
Fig. 3. The linearity of the reaction was investigated in a concen- 
tration range of 15-100 pg/ml of bacitracin a t  the maximum at 505 
nm. For concentrations lower than 10 pg/ml, the relationship is not 
linear. 


Ten replicates of an eye ointment preparation, containing 4 mg 
(250 units) of bacitracin/g, gave an average of 3.94 mg/g with a rel- 
ative standard deviation of 0.07 mg. The results were compared 
with those obtained by the ninhydrin method according to Lang- 
ner and Heckel (16) (Table I). Data comparing the colorimetric 
method with the microbiological method on eight different sam- 
ples of premix are presented in Table 11. 


The microbiological determination was carried out by the petri 
dish method (17, 18) using Difco Penassay seed agar (pH 6.6 after 
sterilization) as the culture medium and Micrococcus flauus 
(ATCC 10240) as the test microorganism. 


The analytical method described here was used for the analysis 
of bacitracin in two commercial preparations after the TLC tech- 
nique. The assay was performed on six samples, and the results ob- 
tained (Table 111) show the suitability of this analytical procedure. 
The ninhydrin reagent gave unsatisfactory results after TLC. 


Interferences-The method is relatively nonspecific and, 
therefore, is not stability indicating. In addition, any compound 
susceptible to oxidation by sodium hypobromite in an alkaline me- 
dium (such as other aminocarboxylic acid-containing compounds 
as well as neomycin) would probably react with phloroglucinol 
and, consequently, interfere with the determination of bacitracin 
using this procedure; suitable separation steps such as TLC or ion- 
exchange chromatography would be required. Figure 4 shows that 


the biological activity of bacitracin decreases more rapidly than is 
indicated by the colorimetric method. 


A solution containing 1 mg/ml bacitracin in pH 13 phosphate 
buffer (see under TLC) was heated rapidly a t  50° (water bath). 
Then an aliquot of this solution was neutralized, cooled, and dilut- 
ed suitably for the colorimetric and microbiological methods. This 
solution was used as the standard for the further aliquots pipetted 
out in 5-min intervals, which were also neutralized, cooled, and di- 
luted suitably. The colorimetric results were compared to those of 
the microbiological method. 
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Development and Evaluation of Method for Simultaneous 
Determination of Phenobarbital and Diphenylhydantoin in 
Plasma by High-pressure Liquid Chromatography 


S. H. ATWELL*, V. A. GREEN*, and W. G. HANEY’ 


Abstract0 A procedure for the simultaneous analysis of diphenyl- 
hydantoin and phenobarbital in plasma by high-pressure liquid 
chromatography was developed and evaluated. Separation is ef- 
fected on a porous particle silicic acid column with chloroform- 
dioxane-isopropanol-acetic acid (3109.7:1.00.1 by volume) and is 
monitored at  254 nm. Results of the procedure were compared 
with results of a GLC assay. 


Keyphrases Phenobarbital-diphenylhydantoin-simultaneous 
high-pressure liquid chromatographic determination, plasma 
Diphenylhydantoin-phenobarbital-simultaneous high-pressure 


‘liquid chromatographic determination, plasma 0 High-pressure 
liquid chromatography-simultaneous determination of phenobar- 
bital and diphenylhydantoin in plasma, development and evalua- 
tion of method 


The simultaneous determination of phenobarbital 
and diphenylhydantoin in plasma is of interest to 
pharmaceutical analysts because of the established 
efficacy of dosage manipulation based on their plas- 
ma concentration and the frequency with which they 
are concurrently administered as anticonvulsants. 


Several techniques are available for this determi- 
nation on a routine basis (1, 2), but the most widely 
accepted techniques involve GLC. The drugs may be 
subjected to direct GLC analysis, but several prob- 
lems are often encountered. The extraction process 
may be involved (3), retention times of the drugs are 
usually long (4), and the drugs may reversibly or irre- 
versibly adsorb to the solid support, causing peak 
tailing (5) or nonlinear calibration curves (6). 


To overcome the disadvantages of direct GLC 
analysis, volatile derivatives of the drugs have been 
formed and determined. While initial procedures for 
the formation of anticonvulsant derivatives were 
complex (7), on-column methylation (8) overcame 
this objection. However, several uncertainties have 
arisen regarding the reproducibility of this technique. 
Column packing material is rapidly degraded by the 
methylating reagent (9). The recognized instability of 
phenobarbital in alkaline media results in degrada- 
tion [and peaks called “early phenobarbital” (lo)], 
the rate of which is erratic (11). Interpretation of a 
chromatogram of these degradation products is prob- 
ably premature (11, 12). Pippenger (13), in reporting 
a retrospective study involving 5000 anticonvulsant 
samples, noted these and other uncertainties in anti- 
convulsant analysis by GLC. 


High-pressure liquid chromatography (HPLC) has 
intrinsic advantages over GLC in this regard. The 
most obvious is that the volatility of the analyte is 
not a prerequisite to analysis, and problems related 
to heat instability or volatile derivative formation are 
thereby avoided. Also, the detection mechanism in 


HPLC affords possibilities for increased selectivity 
and thus a more direct extraction procedure. For ex- 
ample, an HPLC system may detect only molecules 
with appreciable absorption at 254 nm, whereas GLC 
with flame ionization forms an almost universal de- 
tection system (14). 


Based on these considerations, a method for the si- 
multaneous determination of phenobarbital and di- 
phenylhydantoin in plasma by HPLC was developed 
and evaluated. The method was applied to the analy- 
sis of patient plasma, and results were compared with 
results of a GLC method. While these studies were in 
progress, a procedure for analysis of the two drugs by 
HPLC was reported (15). However, extraction and 
sample preparation were involved, no provision was 
made for use of an internal standard, and no data 
were presented relating results of phenobarbital 
analysis by HPLC to results obtained by other proce- 
dures. 


EXPERIMENTAL 


Apparatus-A liquid chromatograph’ equipped with a 254-nm 
detector was used. The column was 30 cm X 4 mm (i.d.) stainless 
steel packed with 10-pm porous particle silicic acid2. The gas chro- 
matographs was equipped as previously noted (16). 


Materials-Phenobarbital and diphenylhydantoin were ob- 
tained as USP reference standards. The remaining drugs, drug rel- 
atives, and metabolites were obtained from commercial suppliers 
and used without further treatment. TLC plates4 were 5 X 20-cm 
glass, precoated with silica gel (0.25 mm) and fluorescent indicator. 


Chromatographic Solvent Selection-TLC-TLC plates 
were spotted with 5 ~1 each of diphenylhydantoin and phenobarbi- 
tal solutions (5 mg/ml) in methanol. Plates were developed in an 
ascending manner in a chamber previously equilibrated with the 
developing solvent. Developed plates were visualized with UV light 
(shortwave), and Rf values were determined. 


HPLC-Solvent mixtures to be evaluated in the high-pressure 
system were pumped through the column for 6 hr (1.0 ml/min) for 
equilibration. Solutions of diphenylhydantoin and phenobarbital 
(10 wg/ml, 1.0 ml) in methanol were evaporated to dryness, recon- 
stituted with the chromatographic solvent (50 pl), and injected 
into the chromatographic system. The flow rate was adjusted so 
that both peaks emerged in less than 10 min. Resolution was calcu- 
lated by the formula R = 2d/(w1 + wp),  where d is the distance be- 
tween peak centers, and w1 and w2 are the widths of each peak. 


Chromatographic Conditions-The solvent system used for 
HPLC analysis was composed of chloroform-dioxane-isopro- 
panol-acetic acid (310:9.7:1.0:0.1 by volume). The flow rate was 1.5 
ml/min, and the pressure required to maintain this flow rate was 
approximately 70 kg/cm2 (1000 psi). GLC operating conditions 
were as previously noted (16). 


Preparat ion of Calibration Curves-Solutions (2.0 ml) of 


ALC 202, Waters Associates, Milford, Mass. * UPorasil, Waters Associates, Milford, Mass. 
GC-4BP, American Instrument Co., Silver Spring, Md. 
Analabs, North Haven, Conn. 
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Table I-R, Values of Phenobarbital and  Diphenylhydantoin on Silicic Acid Gel T L C  


R; Values 


Solvent Pheno- Diphenyl- 
Mixture Solvent Composition (Parts  by Volume) barbital hydantoin ARI 


1 Chloroform-ether (85 35) 0.391 0.318 0.073 
2 Chloroform-ether (60 : 40) 0.688 0.594 0.094 


5 Chloroform-methanol-water (75 : 25 : 1) 0.675 0.688 0.013 
6 Chloroform-ether-acetonitrile (48 : 9 : 3) 0.461 0.384 0.077 


8 Chloroform-cyclohexane-ether-acetonitrile (20 : 50 : 25 : 5) 0.382 0.274 0.108 
9 Chloroform (100) 0.106 0.088 0.018 


11 Chloroform-dioxane (50 : 50) 0.676 0.640 0.036 
12 Chloroform-dioxane (97 : 3) 0.466 0.300 0.166 
13 Dioxane-methanol-ammonium hydroxide (84 : 10 : 5) 0.635 0.700 0.065 
14 Dioxane-n-butanol-ammonium hydroxide (9 : 9 : 2) 0.462 0.613 0.151 
15 n-Butanol-cyclohexane (10 : 200) 0.338 0.423 0.085 
16 n-Butanol-ether-ammonium hydroxide (10 :90 : 10) 0.100 0.262 0.162 
17 Isopropanol-cyclohexane-ammonium hydroxide (65 : 25 : 10) 0.350 0.514 0.164 


3 Chloroform-isopropanol (90 : 10) 0.947 0.947 0.000 
4 Chloroform-ethanol (90: 10) 0.856 0.856 0.000 


7 Chloroform-cyclohexaneacetonitrile (20 : 50 : 25 : 5) 0.102 0.082 0.020 


10 Dioxane (100) 0.822 0.801 0.021 


phenobarbital and diphenylhydantoin in chloroform contaiqing 
25.0, 37.5, 50.0, 62.5, 87.5, and 137.5 figlml were mixed with an ali- 
quot (2.0 ml) of the internal standard solution [5-(4-methylphenyl)- 
5-phenylhydantoin, 50.0 pg/ml], and the solution was evaporated 
to dryness in a stream of dry nitrogen. At  the time of analysis, the 
residue was reconstituted with chloroform (0.5 ml) and an aliquot 
(1-3 pl) was injected into the chromatograph. Ratios of the peak 
height of the drug to that of the internal standard were determined 
at  each concentration. 


Extraction and Evaluation of Extraction Efficiency-Drug- 
free plasma was spiked with sufficient quantities of the two drugs 
to give concentrations of 5.0, 7.5, 10.0, 12.5, 17.5, and 27.5 fig/ml. 
Centrifuge tubes containing the internal standard (5.0 fig) were 
prepared by evaporating an aliquot of a chloroform solution of the 
internal standard. A portion of spiked plasma (0.5 ml) was added 
to the tube with pH 6.8 phosphate buffer (0.5 ml), distilled water 
(0.5 ml), and methylene dichloride (5.0 ml). This mixture was 
placed on a vortex-type mixer for 1 min and centrifuged. The or- 
ganic layer was separated, dried with sodium sulfate, and evapo- 
rated to dryness in a stream of dry nitrogen. The residue was re- 
constituted in chloroform (50 @I), and an aliquot (1-3 d) then was 
injected into the HPLC system. 


Extraction efficiency was evaluated by comparing peak height 
ratios obtained after extraction of spiked plasma to those obtained 
from corresponding concentrations in the preparation of calibra- 
tion curves. 


Analysis of Phenobarbital and Diphenylhydantoin in Pa- 
tient Plasma-An aliquot (0.5 ml) of plasma was added to a cen- 
trifuge tube containing the internal standard (5.0 fig). The plasma 
sample was treated as described, and a portion of the reconstituted 
extract was injected into the HPLC system. An aliquot of a stan- 
dard solution equivalent to 10 pg/ml of plasma for each of the 
drugs was injected immediately afterward. The ratio of the peak 
height of the drug to that of the internal standard was determined, 
and concentration of the drugs in the unknown sample was deter- 
mined by the single-point standard method (17). 


RESULTS AND DISCUSSION 


Initially, Rj values for the two drugs were determined (Table I) 
on silicic acid plates in numerous solvent mixtures to select 
mixtures likely to effect a HPLC separation. On the basis of these 
data, Solvent Mixtures 12, 14, 16, and 17 appeared to merit inves- 
tigation. When the latter three mixtures were applied to the HPLC 
system, however, the peak area of phenobarbital in each was ap- 
proximately five times that of diphenylhydantoin when equimolar 
quantities were injected. Each of these three mixtures contains 
ammonium hydroxide, and the increased peak area is likely related 
to the stronger 254-nm absorption of phenobarbital in alkaline 
media (18). The therapeutic plasma level for these two drugs as 
anticonvulsants is still the subject of some controversy (191, but it 
is generally thought to be in the range of 10 pg/ml for phenobarbi- 
tal (20) and 10-15 pg/ml for diphenylhydantoin (21). Because of 
these similarities, the large peak area difference in these three sol- 
vents was objectionable. Further HPLC investigations were based 
on Solvent Mixture 12, containing a preponderance of chloroform 
with dioxane. 


The chloroform-dioxane mixture was modified in an attempt to 
optimize the system for separation of the two drugs. The ratio of 
chloroform to dioxane was increased until a decrease in the resolu- 
tion was noted (35:l). A small amount of isopropanol served to in- 
crease the resolution, as did acetic acid. The relative amounts of 
these solvents in the solvent mixture were changed until maximum 
resolution was noted. Results of these alterations as indicated by 
relative resolution factors are presented in Table 11. Thus, a sol- 
vent mixture of chloroform-dioxane-isopropanol-acetic acid 
(3109.7:l.OO.l by volume) was selected for the remaining HPLC 
studies. 


In the next phase of the study, retention volumes in the system 
were determined and resolution factors were calculated (Table 111) 
for some structurally related drugs and drug relatives as well as for 
the two principal metabolites, 5-(4-hydroxyphenyl)-5-phenylhy- 
dantoin (22) and 5-ethyl-5-(4-hydroxyphenyl)barbituric acid (23). 


Table 11-Effect of Solvent System Changes on Resolution of Phenobarbital and  Diphenylhydantoin by  H P L C  


Solvent Mixture, Reso- Solvent Mixture, Reso- 
ml  lution ml lution 


Chloroform] : [ Isopropanol Acetic Acid 
Dioxane Chloroform + Dioxane -1 : [Chloroform + D i G e ]  


1 .oo 2.16 
0.10 2.56 
0.10 2.93 
0.05 2.99 
0.05 2.84 
0.02 3.19 
0.01 3.37 


1 .oo 
1 .oo 
0.10 
0.10 
0.05 
0.10 
0.10 


4.50 1.32 32 .OO 
5.67 1.37 32 .OO 
7.33 1.99 32 .OO 
9 .oo 2.26 32 .OO 
10.11 2.34 32 .OO 
13.28 2.60 32 .OO 
19 .oo 2.74 32 .OO 
32 .OO 2.93 
35 .OO 2.74 
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Table 111-Retention Volumes a n d  Resolution Factors 
for Selected Drugs and Metabolites 


Compound 
Reso- 


R,. lutionb 
-~ 


Glutethimide 3.37 
Phensuximide 3.45 
Trimethadione 3.49 
Mephobarbital 3.90 
Hexobarbital 4.24 
Mesantoin 4.74 
Butalbital 5.11 
Secobarbital 5.50 
C yclobarbital 5.74 
Ethotoin 5.86 
5-Allyl-5-(2-cyclopenten-l-yl) barbituric 5.94 


acid 
Amobarbital 
Pento barbital 
Butethal 
Allobarbital 
Vin barbital 
Butabarbital 
Bromisovalum 
Primidone 


- c  


- 
- 
- 
- 
_. 
2.38 
2.33 
1.97 
1.87 
1.75 


6.12 1.56 
6.24 1.51 
6.31 1.43 
6.37 1.26 
6.42 1.23 
6.75 1.02 
7.74 0.95 
8.50 1.40 


Reso- 
Compound R,. lutiond 


5-(4-Methylphenyl)-5-phenylhydantoin 10.00 1 .27 
Phenacemide 13.00 1.94 


5-(4-Hydroxyphenyl)-5-ethylbarbituric 26.00 - 


5-(4-Hydroxyphenyl)-5-phenylhydantoin 39.00 - 


Pheny lethylmalonamide 24.60 - 


acid 


Flow rate was 1.5 ml/min. * Resolution uersw phenobarbital ( R v  = 
Resolution 8.02 ml). 


versus diphenylhydantoin (Ru = 11.3 ml). 
Resolution factors not given were greater than 2.5. 


Since a resolution factor of 1.0 gives less than 3% error (241, only 
bromisovalum would interfere with the chromatographic interpre- 
tation. However, this finding does not preclude interference by 
metabolites of the products in Table I11 or by other structurally 
unrelated drugs. In addition to serving as an indication of poten- 
tial interference, these data allowed a rational selection of the in- 
ternal standard. 


Standard curves for the two drugs were prepared seven times 
over 1 month. For diphenylhydantoin, the curve had a mean slope 
of 0.1255 ml/jtg (2.14% SO), a mean correlation coefficient of 0.998, 
and a mean Y-intercept of -0.043. For phenobarbital, the mean 
slope was 0.1255 ml/jtg (3.19% SD), the mean correlation coeffi- 
cient was 0.999, and the mean Y-intercept was -0.070. These data 
indicate that the procedure is amenable to use of a single-point 
standard. There was no change in these parameters or in the num- 
ber of theoretical plates during this study, indicating the stability 
of the column packing material. 


Several investigators (6, 25) noted problems with standard solu- 


Table IV-Recovery of Phenobarbital and 
Diphenylhydantoin from Plasma as 
Determined by H P L C  and GLC 


Micro- 
grams 


Mean Recovery f SD, % 


Drug Added H P L C  GLC 


Phenobarbital 
Diphenylhydantoin 
Phenobarbital 
Diphenylhydan toin 
Phenobarbital 
Diphenylhydantoin 
Phenobarbital 
Diphenylhydantoin 
Phenobarbital 
Diphenylhydantoin 
Phenobarbital 
D iphenylhy dan  t oin 


5.0 
5 .O  
7.5 
7.5 
10.0 
10 .o 
12.5 
12.5 
17.5 
17.5 
27.5 
27.5 


101.60 f 2.17 95.64 f6.42 
97.23 f 4.76 
92.16 f 4.70 


101.5 f2.04 97.84 ~k5.30 
96.74 f 2.21 94.76 f 3.76 
100.19 f 1.13 102.41 f 4.20 
100.86 f 2.84 100.34 f 5 .60  
99.55 f 3.42 93.77 f 4.91 
96.74 f 2.65 90.42 f 7.74 
99.60 f 3.27 94.93 f 6.42 
92.64 f 4.97 87.26 f9.43 
97.45 f 3.76 92.14 f 6.07 


95.64 f 2.44 
98.14 f 1.50 


W m 
z 
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Figure 1-Chromatographic trace of an extract of plasma 
found to contain 8.5 jtg/ml of phenobarbital (A), 10.0 pg/ml of 
internal standard (B), and  9.2 pg/mlof diphenylhydantoin (C) . 


tions caused by the instability of these drugs in aqueous media and 
in organic solution. While degradation is slow (except a t  alkaline 
pH), standard solutions of the drugs and internal standard must 
usually be prepared fresh. To avoid this problem, the internal 
standard solution was prepared in chloroform, and aliquots were 
added to a number of extraction tubes and evaporated to dryness. 
In this state, no degradation was noted during the study. In addi- 
tion, tubes containing aliquots of the standard solutions were pre- 
pared in the same manner, stored in the dry state, and reconsti- 
tuted at the time of analysis. An aliquot of the reconstituted solu- 
tion was injected, the solution was evaporated to dryness, and the 
tube was retained for later use. Since no more than 0.6% of the so- 
lution (3 pl of a 0.5-ml solution) was injected each time, this pro- 
cess could be repeated a number of times before new standards 
were required. 


Recovery of the two drugs from spiked plasma samples was de- 
termined (Table IV) at several concentrations by HPLC and by 
GLC. While mean results of the two procedures appear to be simi- 
lar, the standard deviation of results obtained by GLC is larger. 
This increased spread of results may be attributed to the fact that 
the extraction process for GLC assay has several steps performed 
in an effort to clean up the chromatogram. However, determina- 
tion is made in the HPLC assay by analysis of a concentrate of the 
initial chloroform extract since interpretation of the resulting 
chromatogram is sufficiently uncomplicated by extraneous peaks 
(Fig. 1). For both procedures, standard deviation increases at low 
and high concentrations of drug, reflecting the fact that precision 
is greatest in chromatographic methods when the drug and inter- 
nal standard have the same peak area. In addition, precision is ~ ~~ ~ 
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Table V-Diphenylhydantoin and  Phenobarbital 
Concentration in  Plasma as Determined b y  
HPLC and GLC 


Phenobarbital, Diphenylhydantoin, 
&ml d m l  


Sample H P L C  GLC H P L C  GLC 


1 2 1 . 4  2 2 . 5  20.3 2 0 . 1  
~~ 


2 1 4 . 9  1 5 . 5  ii .O ii .2 
3 24 .O  2 3 . 4  5 .O  5 . 3  
4 1 1 . 8  1 2 . 3  1 7 . 9  1 7 . 8  
5 2 4 . 5  26 . O  6 . 2  6 .O 
6 7 . 9  7 . 8  2 . 3  2 . 4  
7 9 . 3  9 . 7  4 . 8  4 . 8  
8 1 5 . 2  1 4 . 8  8 . 9  9 . 3  
9 2 7 . 3  2 7 . 7  7 . 9  8 . 1  


10 7 . O  7 . 2  2 3 . 6  24 . O  


greater for the analysis of diphenylhydantoin than for phenobarbi- 
tal, since the internal standard is closely related to diphenylhgdan- 
toin and thus more effective in compensating for extraction and 
chromatographic irregularities. 


Results of the analysis by GLC and HPLC of plasmaof patients 
taking both drugs are presented in Table V. In light of the stan- 
dard deviations of the results of the two procedures, the results are 
comparable. The HPLC procedure has since been used for deter- 
mination of the two drugs in the plasma of more than 40 different 
patients, and no interferences have been apparent. 


Several appealing features of this method may be noted. Sample 
preparation is rapid, no tedious pH adjustments are required, and 
extraction is quantitative. Internal standard and standard drug 
preparations are stable for long periods. The derived chromato- 
gram is uncomplicated by extraneous peaks, and injections may be 
made every 7 min. Finally, the method requires only 0.5 ml of plas- 
ma, and analysis of smaller quantities of plasma should be possible 
by injecting larger volumes of the concentrated extract. 
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driasis was primarily a peripheral anticholinergic response since 
both the tertiary and quaternary derivatives of atropine and sco- 
polamine were potent inducers of mydriasie. It also was concluded 
that inhibition of physostigmine-induced lethality was primarily a 
measure of central anticholinergic activity since the quaternary 
derivatives were much less potent inhibitors of physostigmine-in- 
duced lethality than their respective tertiary forms. 


A careful evaluation of a drug’s relative activity in these two 
procedures in the same species, the induction of mydriasis and the 
inhibition of physostigmine lethality, should predict its relative ac- 
tivity as a central and a peripheral anticholinergic in humans. 
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Tissue Distribution of 
W4C-Azure C (Methylthionine) in the Rat 


R. ENG, S. LINDBERG, K. WHITE, and 
L. A. SPITZNAGLE’ 


Abstract 0 The distribution of radioactivity a t  5-, lo-, and 15-min 
intervals following the intravenous administration of N -  14C-azure 
C was determined. The concentrations of radioactivity observed 
indicated that radioactive derivatives of azure C would not be use- 
ful pancreas or parathyroid scanning agents. 


Keyphrases 0 Azure C, radiolabeled-tissue distribution, consid- 
erations related to use as pancreas or parathyroid scanning agent 


Methylthionine, radiolabeled-tissue distribution, consider- 
ations related to use as pancreas or parathyroid scanning agent 


Scanning agents-tissue distribution of radiolabeled azure C 


The report (1) that the intravenous administration 
of the phenothiazine dye tolonium chloride (toluidine 
blue 0) caused a blue coloration of the pancreas and 
parathyroid glands but not of surrounding organs 
generated much interest and has been verified in ex- 
perimental animals (2-4) and humans (5-7). Tolui- 
dine blue 0 has been used for the identification of 
the parathyroid gland at surgery (5-7) and as an aid 
in the diagnosis of small oral cancers (a), and it has 
been suggested as a potential parathyroid and pan- 
creas scanning agent if labeled with a suitable radio- 
nuclide (2-4, 6, 7). Recent studies with an iodinated 
analog of toluidine blue 0 labeled with 1311 showed it 
to be useful for imaging parathyroid adenomas (9). 


DISCUSSION 


Kang and ,DiGiulio (3) found the highest concentrations of tolui- 
dine blue 0 in the parathyroids, heart, pancreas, kidneys, stomach, 
lungs, thyroid, muscles, liver, and blood, in that order. They ex- 
tracted the excised tissues with ethanol and measured the dye con- 
centrations colorimetrically. Mortenson and McRae (2) reported 


similar results using a similar assay. In both studies, rather low 
concentrations were observed in the organs surrounding the pan- 
creas, suggesting the development of a pancreas scanning agent 
provided a suitable labeled derivative could be prepared. 


Larose et al. (10) studied the distribution in rats of an iodinated 
derivative of toluidine blue 0 labeled with lz5I. Using an assay 
method that allowed the measurement of tissue radioactivity with- 
out extraction, they found the concentrations of radioactivity in 
the pancreas, liver, and kidneys to be similar for up to 60 min after 
intravenous administration. Likewise the parathyroid was ob- 
served to have concentrations of radioactivity similar to those 
found in the thyroid gland. They concluded that iodinated tolui- 
dine blue 0 was an unsatisfactory scanning agent for the pancreas 
and parathyroid glands. 


Archer et al. (11) also studied the tissue distribution of a 1251- 
labeled derivative of toluidine blue 0. However, they extracted the 
tissues with ethanol and measured the radioactivity of the ex- 
tracts. Their results differed from those of Larose et al. (10) in 
that the parathyroid extract contained approximately three times 
the concentration of extractable radioactivity as did the thyroid. 
The pancreas extract contained only a slightly higher concentra- 
tion of radioactivity than the liver extract, indicating that iodinat- 
ed toluidine blue 0 was an unsatisfactory scanning agent for the 
pancreas. However, these investigators observed that the percent- 
age of the injected dose taken up by the pancreas was much great- 
er when unlabeled toluidine blue 0 was given instead of iodinated 
toluidine blue 0. 


Preliminary work in this laboratory confirmed the results of 
Klopper and Moe (1); 30 min after the intravenous administration 
of toluidine blue 0, extracts of the pancreas had 10 times the con- 
centration of dye compared to extracts of the liver when measured 
colorimetrically (12). In a preliminary investigation of the distri- 
bution of 35S-labeled toluidine blue 0 (12), concentrations of ra- 
dioactivity in the pancreas, liver, and kidneys were found to be 
similar. These results seemed to confirm the conclusions of Larose 
et 01. (10) and Archer et al. (11) that labeled derivatives of tolui- 
dine blue 0 were unsatisfactory pancreas scanning agents. 


One possible explanation of the blue coloration of the pancreas 
consistent with these results is that the dye molecule may be 
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“decolorized” by the liver and kidneys but not by the pancreas. 
An observation in this laboratory that toluidine blue 0 can easi- 


ly be N-demethylated (13) suggested that the data might be ex- 
plained by N-demethylation of toluidine blue 0 in the liver and 
kidneys but not in the pancreas. 


If both N-methyl groups were removed from toluidine blue 0 (I) 
in the liver and the kidneys but not in the pancreas, then the re- 
sulting dye (2-methylthionine) would probably not be visible when 
the viscera was observed, nor could the concentration of the dye be 
measured accurately a t  625 nm. Therefore, the distribution of a 
dye molecule labeled in the N-methyl group, rather than in the 
phenothiazine ring, was of interest. If such a dye were rapidly N-  
demethylated by the liver and kidneys but not the pancreas, it 
might be possible to produce a pancreas scanning agent by labeling 
such a dye with an l’C-N-methyl group. 


Since toluidine blue 0 contains two amino groups that are not 
symmetrical, it would be difficult to  label the N-methyl groups. 
Therefore, the distribution of azure C (N-methylthionine, II), an 
aminophenothiazine dye with similar chemical properties to tolui- 
dine blue 0 which can easily be labeled with I4C in the N-methyl 
group, was studied. 


The purpose of the present study was to determine if the con- 
centration of radioactivity in the pancreas and parathyroid glands 
following the administration of an aminophenothiazine dye labeled 
in the N-methyl group would be sufficient to warrant further ef- 
forts to develop pancreas and parathyroid scanning agents from 
such dyes. 


EXPERIMENTAL 


Chemicals-The dyes’ were labeled 80-9096 pure. All other 
chemicals were reagent grade and were used as received. 


I4C-Azure C was prepared as previously reported (14), and TLC 
indicated the radiochemical purity to be greater than 89%. The dye 
was dissolved in water prior to injection. 


Animals-The animals used were Sprague-Dawley rats, 200- 
250 g, and they were maintained on rat chow and water ad libitum 
prior to use. 


Tissue Distribution-The animals were anesthetized with pen- 
tobarbital sodium, and 5 pCi of I4C-azure C was injected via an ex- 
posed femoral vein. The animals were sacrificed after 5, 10, or 15 
min. Thyroid, parathyroids, heart, pancreas, adrenals, liver, kid- 
neys, spleen, stomach, and a sample of blood were removed as rap- 
idly as possible. The organs were frozen immediately in dry ice to 
prevent dehydration. The tissue samples were weighed while still 
frozen. 


Tissue samples too large to be dissolved directly were minced 
with a razor blade and then homogenized2 in distilled water equal 
to the tissue weight. The tissues and aliquots of the tissue homoge- 
nates were dissolved by heating a t  50-60° in liquid scintillation 
counting vials containing 1 ml of a solubilize9. The dissolved sam- 
ples were decolorized by slowly adding 30% H202. The dissolved 
and decolorized samples were then counted4 a t  5O. The sample 
counts were corrected for quenching by the external standard ratio 
method, which had been shown to give a linear relationship be- 
tween external standard ratio and counting efficiency over the 


National Aniline and Eastman Kodak. 
Polytron homogenizer, Brinkmann Instruments, Westbury, N.Y. 
Protosol, Packard Instrumental Co., Des Plaines, Ill. ‘ In a Beckman LS-230 liquid scintillation counter, using Aquasol (New 


England Nuclear, Boston, MA 62118) as the counting solution. 


5 15 5 15 5 15 5 15 5 15 5 15 5 15 5 15 5 15 5 15 
a b c d e f g h i i  


MINUTES 


Figure 1-Tissue distribution of 14C activity at  5, 10, and 
15 min after the intravenous administration of 14C-azure C .  
(*Average from six animals at  each time.) Key: a, adrenal; 
b, parathyroids; c, thyroid; d ,  lung; e, Liver; f, kidney; g ,  
heart; h, stomach; i, pancreas; and j, muscle. 


range of counting efficiencies obtained by this method of sample 
preparation. 


RESULTS 


The ratios of tissue-blood radioactivity 5, 10, and 15 min after 
the intravenous administration of I4C-azure C are shown in Fig. 1. 
The distribution of radioactivity is similar to that found after the 
administration of 35S-toluidine blue 0 (12) or an 1251-labeled ana- 
log of toluidine blue 0 (10). These results indicate that the blue 
coloration of the pancreas observed after administration of azure C 
is probably not due to rapid demethylation of the dye in the liver 
and kidneys. These results, when considered with the previous 
data obtained with toluidine blue (2, 3, 10-12), suggest that the 
pancreas turns blue after the dye administration because of its 
thickness and translucent appearance in comparison with sur- 
rounding organs. The results also indicate that “C-labeled azure C 
would not be a good parathyroid or pancreas scanning agent. 
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Drug-Biomolecule Interactions: 
Fluorescence Studies on Interaction of 
Aminonaphthalenesulfonic Acid Derivatives with 
Serum Albumins 


H. W. JUN, L. A. LUZZIx, and JOSEPH K. H. MA 


Abstract 0 The binding of the three aminonaphthalenesulfonic 
acid derivatives to human and bovine serum albumins was studied 
by measuring the fluorescence enhancement of the compounds. 
The number of binding sites of human and bovine serum albumins 
for these compounds appears to  be one and two, respectively, 
under the experimental conditions. As the molar ratio of the fluo- 
rescent compounds to bovine serum albumin increased, the bind- 
ing sites appeared to increase for the compounds. The quenching 
of the native fluorescence of albumin was examined by the succes- 
sive addition of methanolic solutions of these compounds. 1-Anili- 
nonaphthalene-8-sulfonate quenched the protein fluorescence to a 
greater extent than the other compounds studied, indicating that 
I-anilinonaphthalene-8-sulfonate molecules are bound more close- 
ly to the tryptophan residues of albumin. The finding that the 
three compounds did not quench the fluorescence of tryptophan 


dissolved in water indicates no direct molecular interaction be- 
tween tryptophan and the three fluorescent probes. The driving 
force for binding may be due to the structural characteristics of 
the amino acid sequence surrounding the tryptophan residues. 


Keyphrases 0 Aminonaphthalenesulfonic acid derivatives- 
binding to human and bovine serum albumins, fluorescence en- 
hancement 0 Albumin, human and bovine serum-binding of 
three aminonaphthalenesulfonic acid derivatives, fluorescence en- 
hancement Probes-binding of three aminonaphthalenesulfonic 
acid derivatives to serum albumins, fluorescence enhancement 


Drug-biomolecule interactions-fluorescence studies on inter- 
action of aminonaphthalenesulfonic acid derivatives with serum 
albumins Interactions-drugs with biomolecules, symposium 


Interaction of organic molecules with body pro- 
teins has resulted in many facets of research interest 
in biomedical studies. When drugs are bound to plas- 
ma proteins, distribution, therapeutic efficacy, and 
elimination of the drugs may be altered. Biotransfor- 
mation of organic compounds occurs through interac- 
tions of the compounds with metabolizing enzymes. 
The pharmacological effects of drugs are also thought 
to be mediated by interactions of the drug molecules 
with active site proteins. 


Because of the clinical implications of such inter- 
actions, numerous studies have been carried out con- 
cerning these subjects (1, 2). Although aims and ex- 


perimental techniques vary among investigators, 
most studies have been directed toward explaining 
the effects of the interactions. 


In this study, fluorescence spectroscopy was em- 
ployed to study the binding of three fluorescent 
probes to human and bovine serum albumins. A fluo- 
rescent probe is a compound with spectral properties 
such as optimal excitation and emission wavelengths, 
fluorescence intensity, and lifetime of the excited 
state that undergo changes reflecting its molecular 
environment. When probe molecules bind to protein 
binding sites, an enhancement of fluorescence emis- 
sion and wavelength shift occur. 
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Table I-Excitation and  Emission Maxima (Uncorrected) of the  Fluorescent Probes in p H  7.5 Phosphate 
Buffer and Bovine and H u h a n  Serum Albumin Solutions 


p H  7.5 Phosphate Buffer Bovine Serum Albumin Human Serum Albumin 


Excitation, Emission, Excitation, Emission, Excitation, Emission, 
n m  n m  nm n m  n m  nm 


1-Anilinonaphthalene-8-sulfonate 
N-n-Butyl- (5-dimethylamino- 
naphthalene)-1-sulfonamide 


5-Dimethylaminonaphthalene-l- 
sulfonamide 


360 520 376 467 380 474 
330 540 343 494 340 498 


328 540 347 506 345 509 


The enhancement of fluorescence emission of a 
probe can be monitored to obtain binding informa- 
tion for the probe (3). The quenching of the intrinsic 
fluorescence of protein can also be quantitated to cal- 
culate the binding parameters of the interactant (4). 
The purposes of this study were to compare and to 
characterize the binding of three structurally similar 
fluorescent probes to human and bovine serum albu- 
mins by measuring the fluorescence enhancement of 
the probes and the fluorescence quenching of the 
proteins in the hope that additional information 
would be obtained for the binding model. 


EXPERIMENTAL 


Materials-The following fluorescent probes were studied: 1- 
anilinonaphthalene-8-sulfonate', N-n-butyl-(5-dimethylamino- 
naphthalene)-1-sulfonamide2, and 5-dimethylaminonaphthalene- 
1-sulfonamide?. Crystalline human4 and bovine5 serum albumins 
were purchased commercially. Spectroscopic grade methanol was 
employed as a solvent for the probes. The water used was double 
distilled from glass. All other chemicals used were of reagent grade. 


Instruments-All fluorescence measurements were made on a 
spectrophotofluorometer6 equipped with a 150-w xenon lamp and 
1P21 photomultiplier tube. Spectra were recorded with an X-Y re- 
corder7. The entrance slit for the excitation light and the exit slit 
for the fluorescence emission were 3 and 4 mm, respectively. 


Methods-Two milliliters of human and bovine serum albumin 
solution (1.37 X M )  in pH 7.5 phosphate buffer (0.05 M )  were 
titrated with successive additions of 2 fil of 1 X M of probe 
dissolved in methanol. The excitation and emission wavelengths 
(uncorrected) for the probes are recorded in Table I. 


Titrations were carried out in fluorescence quality cells with fit- 


ted Teflon stoppers, and titrants were added manually with mi- 
crosyringess. After each titration, the enhancement of fluorescence 
intensity was recorded as a function of probe concentration. Sepa- 
rate titrations with successive additions of 2 pl of a 1 X M 
probe solution were also performed at higher protein concentra- 
tions (34.2 X M for bovine serum albumin and 68.5 X M 
for human serum albumin). It was then assumed that all of the 
probe was bound to protein at  this concentration. 


Temperature was controlled at 23 f 0.5' with thermostated cell 
compartments through which water from a constant-temperature 
bathg was circulated. To minimize the photodecomposition of pro- 
tein, samples were exposed to the light only for the short measure- 
ment period. Blank titrations in the buffer were performed to cor- 
rect the fluorescence of free probe in the absence of protein. 


Treatment of Data-Enhancement of the fluorescence intensi- 
ty of the probe upon addition to human and bovine serum albu- 
mins at  two protein concentrations was measured, and these data 
were used to calculate the fractions of free and bound probe and 
the molar ratio of probe bound to protein (5). The binding con- 
stants and the number of binding sites of the compounds were de- 
termined by the use of the Scatchard equation (6): 


Y/D, = n K ,  - PK, (Es. 1) 
where is the number of moles of bound probe per mole of pro- 
tein, Of is the concentration of free probe, n is the number of bind- 
ing sites on the protein molecule, and K ,  is the binding constant of 
probe to the protein. 


Measurement of Fluorescence Quenching-The quenching 
of the native fluorescence of human and bovine serum albumins 
was measured at the emission wavelength of 358 nm with the exci- 
tation at  283 nm following successive additions of probe. In titra- 
tion, 2 fil of a 1 X M probe solution in methanol was succes- 
sively added to 2 ml of protein solution (1.37 X M in pH 7.5 
phosphate buffer) and the degree of quenching was recorded. The 
concentration of probe added to the protein solution was chosen so 
that it did not absorb the exciting radiation at 283 nm. 


400 500 600 
WAVELENGTH, nrn 


Figure 1-Emission spectrum of N-n-butyl-(5-dimethyl- 
aminomphtha1ene)-I-sulfonamide (10 X M) in the 
absence (curve A) and presence (curve B) of bovine serum 
albumin (1.37 X 10 -6 M) in p H  7.5 phosphate buffer. Excita- 
tion wavelengths were a t  330 and 343 nm, respectively. 


~~ ~~ 


' Recrystallized in water, Aldrich Chemical Co., Milwaukee, Wis. 


,3 Sigma Chemical Co., St. Louis, Mo. 


Obtained from the Department of Entomology, University of Georgia, 


Control No. 4619, Nutritional Biochemicals Corp. 
Control No. 1693, Nutritional Biochemicals Corp. 
Aminco-Bowman, American Instrument Co., Silver Spring, Md. 
Omnigraphic, Houston Instrument, Bellaire, Tex. 
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Figure 2-Fluorescence 
titration curves of bovine 
serum albumin with N- 
n- bu ty l -  ( 5 - d  i m e t h y l -  
aminonaphthalene)  -1 - 
sulfonamide a t  higher 
protein concentration 
(34.2 X M) (curve 
A) and  lower protein 
concentration (1.37 X 


M) (curve B). 
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Figure 3-Scatchard plot for l-anilinonaphthalene-8-sul- 
fonate-bovine serum albumin binding. 


RESULTS AND DISCUSSION 


The use of fluorescence spectroscopy to study the binding of 
small molecules to proteins has been well established (7, 8). The 
aminonaphthalenesulfonic acid derivatives used in this study show 
an increase in fluorescence emission when bound to serum albu- 
mins. In this study the binding data were obtained by monitoring 
the increased fluorescence intensities of the probes (9, 10) and by 
measuring the quenching of the fluorescence of protein by the 
probes (11,12). 


Figure 1 is an emission spectrum of N-n -butyl-(5-dimethylami- 
nonaphthalene)-1-sulfonamide in the absence and presence of bo- 
vine serum albumin in pH 7.5 phosphate buffer (0.05 M). The flu- 
orescence emission of this compound in a buffer is minimal (curve 
A); but in the presence of albumin, the fluorescence intensity is 
greatly enhanced (curve B), with a 46-nm hypsochromic shift in 
the wavelength of the emission maximum. Jun et al. (13) reported 
the quantum yield of 0.059 for this compound in water and indi- 
cated that it was increased about 12 times to 0.7 when bound to 
bovine serum albumin. 


In Fig. 2, the enhancement of fluorescence intensity is essential- 
ly dependent on the amount of the probe added at  the high protein 
concentration (curve A). A t  lower protein concentration, fluores- 
cence intensity reaches a maximum, indicating a saturation of 
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Figure 4-Scatchard 
plot for N-n-butyL(5- 
dimethylaminonap htha  - 
lene) - 1 - sulfonamide-bo- 
vine serum albumin bind- 
ing. 
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Figure 5--Scatchard 
plot for 5-dimethylamino- 
naphthalene-1 -sul fona-  
mide-bovine serum albu- 
min binding. 
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binding sites (curve B). The large increase in fluorescence emission 
and hypsochromic shift in the presence of protein has been attrib- 
uted to binding of the probe at  hydrophobic sites (14, 15). These 
spectral modifications are responses to changes in the polarity of 
the probe environment as a result of binding. 


McClure and Edelman (16) observed a significant increase in 
fluorescence emission of the fluorescent probe 2-p.toluidiny1- 
naphthalene-6-sulfonate when placed in a solvent of lower polari- 
ty. Similar spectral shifts and fluorescence enhancement were ob- 
served for the other compounds studied. Table I summarizes the 
spectral shifts of the compounds in phosphate buffer and human 
and bovine serum albumin solutions. 


Figures 3-5 are Scatchard plots obtained for probe-bovine 
serum albumin complexes. The plots were obtained by the method 
described under Experimental and were used to calculate the 
binding constant and the number of binding sites. Under the ex- 
perimental conditions, the number of binding sites for the probes 
appears to increase from one to two as the molar ratio of probe to 
protein increases. The dotted line representing lower molar ratios 
of probe to protein indicates the number of binding sites to be 
close to one with possibly higher binding affinity and the solid line 
indicates two binding sites. 


Since the quenching studies showed that the binding sites may 
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Figure 6-Scatchard plot for 1 -anilinonaphthalene-8-sul- 
fonate-human serum albumin binding. 
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Figure 7-Scatchard 
plot for N-n-butyL(5- 
dimethylaminonaphtha - 
Len e ) -I -s u 1 f o najm i d  e- 
human serum albumin 
binding. 


be near the tryptophan residues and since bovine serum albumin is 
known to have more than one tryptophan binding site (17), the 
Scatchard plots suggest that  the molecular environment of the 
binding sites may not be identical. At the low molar ratio of probe 
to protein, certain binding sites are initially available; as the probe 
concentration increases, more binding sites become available until 
all binding sites are saturated. This view may be supported by the 
report (18) that the total amount of salicylate bound to plasma 
protein was a function of drug concentration and that the capacity 
of binding sites increased at higher drug concentration. 


The binding affinities of the probes to bovine serum albumin 
were in the following order: 1-anilinonaphthalene-8-sulfonate 
(1.70 X 10fi/M), N-n -butyl-(5-dimethylaminonaphthalene)-l-sul- 
fonamide (3.66 X 105/M ), and 5-dimethylaminonaphthalene-l- 
sulfonamide (1.72 X 105/M). 1-Anilinonaphthalene-8-sulfonate 
had the highest binding constant. The difference in binding affini- 
ty between the two amide probes may be due to the involvement of 
the side chain in binding. Although the hydrophobic naphthalene 
moiety appears to be primarily responsible for the binding (191, 
the side chain of these compounds apparently affects binding. 


Figures 6-8 are the Scatchard plots of the probes bound to 
human serum albumin using the same experimental conditions as 
with bovine serum albumin. The number of binding sites for the 
probes appears to be one. The orders of wavelength shift and bind- 
ing affinity of the probes were similar to those for the bovine 
serum albumin-probe interactions. I-Anilinonaphthalene-8-sulfo- 
nate (1.60 X 10fi/M) showed the highest binding affinity followed 
by N-n-butyl-(5-dimethylaminonaphthalene)-l-sulfonamide (1.82 
x 105/M). The fluorescence enhancement was generally lower than 
that for the bovine serum albumin-probe complexes. 


Figure 9 shows the quenching effects for the native fluorescence 
of albumin following the successive addition of probes. The probe, 
in the concentration used, did not contribute to the quenching. 
When 2 ml of bovine serum albumin solution (1.37 X M in 
pH 7.5 phosphate buffer) was successively titrated with 2 LII of 1- 
anilinonaphthalene-8-sulfonate solution (1 X 10W4 M in metha- 
nol), the fluorescence emission of protein a t  358 nm was dimin- 
ished (curve A)  when excited at 283 nm. The stoichiometry of the 
quenching curve shows the number of binding sites to be one and 
indicates that  the binding sites are not saturated at this molar 
ratio of probe to protein. 


Earlier workers (8, 11, 12) reported that the quenching of pro- 
tein fluorescence in the presence of small molecules is an indica- 
tion of binding. For fluorescence quenching to occur in a solution 
of two compounds, the quenching substance must be within a criti- 
cal transfer distance (20) to the fluorophor so that the energy trans- 
fer between the two molecules takes place. Forster suggested (21) 
that for an energy transfer to occur the emission band of the fluo- 
rophor must overlap the absorption band of the quencher. Al- 
though the concentration of l-anilinonaphthalene-8-sulfonate dis- 
solved in buffer did not absorb the light at the emission wave- 
length of the protein (358 nm), the absorption band of the bound 
probe may overlap the emission band of the protein. 


The  finding that 1-anilinonaphthalene-8-sulfonate strongly 
quenches the fluorescence of albumin indicates that  the binding 
site for this probe is in the vicinity of the tryptophan residues. 
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Figure 8-Scatchard plot for 5-dimethylaminonaphthalene-1 - 
sulfonamide-human serum albumin binding. 


Studies (22, 23) have shown that serum albumin has strong bind- 
ing sites for small organic molecules located in the immediate vi- 
cinity of the tryptophan residue. Swaney and Klotz (23) reported 
that the environment of tryptophan residues of human serum al- 
bumin forms a cluster of apolar amino acids. This arrangement of 
hydrophobic clusters may be responsible for the interaction of the 
probes to serum albumins. 


The quenching of the fluorescence of albumins by the other 
probes was less significant (Figs. 9B and SC). This may be due to 
the molecules of 1-anilinonaphthalene-8-sulfonate being more 
closely bound to the tryptophan residues of the albumin. The find- 
ing that other organic compounds did not quench the fluorescence 
of serum albumin suggests the specificity of binding sites to the 
aminonaphthalenesulfonic acid derivatives. Chen and Kernohan 
(12) observed that 1-anilinonaphthalene-8-sulfonate did not 
quench the fluorescence of erythrocyte carbonic anhydrase. This ob- 
servation also indicates the specificity of binding between serum 
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Figure 9-Quenching curves of bovine serum albumin fluores- 
cence by 1 -anilinonaphthalene-8-sulfonate (curve A ) ,  N-n- 
butyl- (5-dimethylaminonaphthalene) -1 -sulfonamide (curve B )  , 
and 5-dimethylaminonaphthalene-1-sulfonamide (curve C ) .  
The bovine serum albumin concentration in p H  7.5 phosphate 
buffer was 1.37 X 10-6 M. Fluorescence was measured at 358 
nm (emission) and 253 nm (excitation). 
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albumins and the probes used. Carbonic anhydrase may lack the 
structural requirement for the binding of l-anilinonaphthalene-8- 
sulfonate. 


In contrast to the quenching of. the native fluorescence of pro- 
tein by the probes, no quenching was observed upon addition of 
the probks to tryptophan dissolved in buffer. This indicates that 
the driving force for the probe-protein binding is not mediated by 
direct interaction between the probe and tryptophan molecules, al- 
though tryptophan has been reported to have a binding affinity to 
various other organic molecules (24, 25). This observation also 
shows that the quenching of protein fluorescence by the probes 
was not due to concentration or inner filter effects. 
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Abstract 0 The electron spin resonance spectra of probes were 
used to study the organization and motion of molecules in hydrat- 
ed stacked bilayer or liposome model membrane systems. The 
same steroid structures required for reduction of membrane per- 
meability were required to produce well-ordered films of brain 
lipid. Alcohols and anesthetic agents influence the structure of 
model membranes, with their order of efficacy paralleling their 
pharmacological effectiveness. Spin probes were also used to dem- 
onstrate effects of calcium and local anesthetics on the rate of pen- 


Electron spin resonance spectroscopy (ESR) exam- 
ines the spectra of free radicals in an applied magnet- 
ic field. In a filled electron orbital, there are two elec- 
trons whose magnetic moments cancel; but in a free 
radical, there is an unpaired electron with a net mag- 
netic moment. This electron has two different energy 
states, which can be qualitatively described as having 
the magnetic moment parallel and antiparallel to an 
applied magnetic field. The energy difference be- 
tween these states is equal to the energy of a quan- 


etration of ascorbate into lipid bilayers. 


Keyphrases Anesthetics-effects on membrane lipids, electron 
spin resonance spectra 0 Lipids, membrane-effects of anesthet- 
ics, electron spin resonance spectra 0 Drug-biomolecule interac- 
tions-effects of anesthetics on membrane lipids, electron spin res- 
onance spectra 0 Interactions-drugs with biomolecules, sympo- 
sium 


tum of microwave radiation (for the usual applied 
magnetic fields of 3-12 kilogauss). A single absorp- 
tion line is observed in the case of an isolated elec- 
tron. In a free radical, the magnetic environment of 
the electron can split this resonance into a number of 
lines. 


In the spin-label method, a free radical with a suit- 
ably designed functional group is reacted with the 
system. In the spin-probe method, selected molecules 
with free radical moieties are intercalated into the 
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Stereochemical Preferences for Curarimimetic 
Neuromuscular Junction Blockade 111: Enantiomeric 
Bisquaternary Amines Related to  Benzoquinonium as Probes 


TAITO 0. SOINE x, WAYNE S. HANLEY *, NADIM A. SHAATH, and 
ALMOURSI A. GENENAH * 


Abstract Enantiomeric neuromuscular junction blocking 
agents, which are of the benzoquinonium type but which have a 
methyl group introduced adjacent to the quaternary moieties to 
provide an asymmetric center, were synthesized and tested to de- 
termine whether the neuromuscular junction exhibits the relative- 
ly modest (R) > (S) superiority shown toward previously tested 
bisquaternaries. Testing included a mouse inclined screen assay 
and an in vim cat hypoglossal nerve-tongue preparation, as well 
as standard estimations of anticholinesterase activity since the 
candidate compounds are known to have such a component in 
their activity spectrum. The observed 2:l difference in blocking ac- 
tivity favoring the compound with an (R)-configuration is the 
same as that for previously tested bisquaternaries, both in direc- 
tion and magnitude. Furthermore, it cannot be accounted for by 
preferential inhibition of acetylcholinesterase by the (S)- enan- 
tiomer. Absolute configurations of the enantiomers were assigned 
on the basis of comparisons with compounds of known configura- 
tion. 


Keyphrases Curarimimetic activity-stereochemical prefer- 
ences for neuromuscular junction blockade, enantiomeric bisquat- 
ernary amines related to benzoquinonium as probes 0 Neuromus- 
cular junction blockade (curarimimetid-stereochemical prefer- 
ences, enantiomeric bisquaternary amines related to benzoquinon- 
ium as probes Benzoquinonium-related enantiomeric bisquat- 
ernary amines as probes for stereochemical preferences for curari- 
mimetic neuromuscular junction blockade 0 Amines, enantiomeric 
bisquaternary, related to benzoquinonium-probes for determin- 
ing stereochemical preferences for curarimimetic neuromuscular 
junction blockade 


Previous studies (1, 2) were concerned with stereo- 
chemical preferences exhibited by the neuromuscular 
junction toward nondepolarizing blocking agents. It 
is, of course, recognized that asymmetry is not requi- 
site to activity, but it is possible that differences in 
blocking activity by enantiomeric species could be of 
use in defining the characteristics of the anionic site 
of the hypothetical neuromuscular junction receptor. 


The previously examined bisquaternaries (2) could 
be assumed to have answered the question of stereo- 
chemical preference, since both enantiomeric pairs 
showed a statistically significant (R) > (S) superiori- 
ty in blocking potency. However, both of the pre- 
viously reported probes were formally related to te- 
trahydroisoquinoline and, even though they were 
somewhat related to (+)-tubocurarine in this respect, 
it seemed desirable to test the generality of the (R) > 
(S) superiority in a nontetrahydroisoquinoline sys- 
tem. 


An obvious candidate was benzoquinonium (I), 
since it has been recognized as a nondepolarizing 
blocker, presumably of the curare type, although it 
has no asymmetric centers. Nevertheless, synthetic 
introduction of a methyl group adjacent to the qua- 
ternary moiety was considered possible and would 


I: R - H, R’ - CH2C&Ib X - C1 
II: R -R’ I C H ~ X  I 


lead to  a desired asymmetric probe without, hopeful- 
ly, eliminating neuromuscular junction blocking ac- 
tivity. Although the introduction of the methyl group 
adjacent to the quaternary moiety was accomplished 
without difficulty, it proved to be impossible to qua- 
ternize the tertiary amine with the required benzyl 
halide, presumably because of the steric hindrance 
introduced by the adjacent methyl group. 


Therefore, methyl iodide as a quaternizing agent 
was employed, primarily because the original paper 
(3) describing the synthesis of benzoquinonium indi- 
cated that methyl quaternization provided blocking 
agents with activity comparable to compounds hav- 
ing benzyl as the quaternizing moiety. The present 
study bears out the earlier findings, since the substi- 
tution of a methyl for benzyl still provides com- 
pounds with activity comparable to the parent com- 
pound. 


DISCUSSION 


The synthetic route to 2,5-bis[(3-diethylamino)butylamino]- 
1,4-benzoquinone dimethiodide (11)’ is shown in Scheme I. At- 
tempted preparation of 3-diethylaminobutyronitrile (111) utilizing 
crotononitrile was unsuccessful. Apparently, a combination of ste- 
ric and electronic factors exerted by the methyl group make the 
double bond resistant to nucleophilic addition, since diethylamine 
has been reported to add readily to acrylonitrile (4). However, the 
amine adds readily to ally1 cyanide to give 111, according to the 
method of Dahlbom (5 ) ,  in good yield. In this case, the reaction 
mechanism is probably electrophilic in nature. 


Compound IV was prepared in good yield by hydrogenation of 
I11 over a rhodium-on-alumina catalyst at moderate pressures. Pu -  
rification of IV by the usual methods, e.g., fractional distillation, 
could not be effected because of excessive foaming which was not 
alleviated by the usual methods. However, the structural identity 
of the compound was substantiated by IR (loss of CN stretching 
frequency and the appearance of NH stretching frequencies) and 


Because of the several nomenclature changes reflected in Chemical Ab- 
stracts for I, the present authors sought the advice of Dr. Kurt L. Loening, 
Director of Nomenclature a t  the Chemical Abstracts Service, who kindly 
furnished the most recent systematic nomenclature for the new compound: 
4,4’-[  (3,6-dioxo-1,4-cyclohexadiene-1,4-diyl~diimino]bis[~,~-diethyl-N- 
methyl-2-butanaminium] diiodide. Since this nomenclature is not suitable 
for the primary literature, the use of the alternative nomenclature as given 
in the text is suggested. 
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NMR (appearance of new protons in the methylene region and 
complication of the methylene splitting patterns). 


The reduction product (IV) was used without further purifica- 
tion to prepare V by reaction with either hydroquinone or benzo- 
quinone in dioxane in the presence of oxygen. The product, ob- 
tained in rather poor yield, was in the form of bright-orange crys- 
tals, with the major part of the reaction being in the form of intrac- 
table tars. The original intention was to convert V to the benzyl 
quaternary salt since this would have mimicked most closely the 
parent compound, benzoquinonium (I). However, all attempts to 
prepare the benzyl quaternary derivative were unsuccessful, prob- 
ably due to the steric influence of the methyl group adjacent to the 
tertiary nitrogens. 


Since the original studies (3) had indicated that methyl quater- 
nization, as previously mentioned, was not inimical to activity, i t  
was attempted by treating V with a 10-fold excess of methyl iodide 
in dioxane-ethanol (2:l) with heating a t  moderate temperatures 
for several hours. The desired product (11) was obtained as an or- 
ange solid, which appeared to decompose on attempted crystalliza- 


Table I-Physical Data on Compounds Prepared 


tion. Therefore, it was best treated by careful washing of the ob- 
tained precipitate using dioxane-ethanol(21). 


Since there are three possible isomers (a racemic pair and a 
meso-form) when I1 is prepared from racemic materials, it was 
necessary to deracemize at a stage prior to the final condensation. 
The deracemization was most conveniently carried out through the 
diastereomeric bitartrates of 111; the rotatory data are given in 
Table I. The enantiomeric forms, IIIa and IIIb, allowed the prepa- 
ration of the enantiomeric forms of IV, V, and I1 according to the 
methods developed on the racemic materials. The corresponding 
rotatory data are recorded in Table I together with the absolute 
configurations as determined here. 


Because the objective of this study was to determine stereo- 
chemical relevancy to neuromuscular junction blocking ability, it 
was necessary to determine the absolute configuration of the 
blocking agents which was most readily attainable by determining 
this parameter for the enantiomeric forms of 111. Scheme I1 depicts 
the transformations used to relate IIIb of unknown configuration 
to (+)-VII-HI of known configuration. 


Boiling 
Point Ab- 


solute 
Solvent, Config- Com. pared Yield, Melting 


pound from % Point n2i 589 578 546 436 365 mg/ml uration 
Pre- .(mm\ or  [ f f I 2 O  


- - - - - - - - 
- 34" - 74' - 446" Water  (0.6) ( R )  


(S) 


( R )  


( S )  


- - I1 (+)-V 61 234-235' 
IIu (+)-V 87 233.5- 


234.5' 
- IIb (-)-V 87 233-234' - - - 33" 73" 452a Water  (0.6) 


111. - 86 72-73' (10) 1.4362 - - - - - - - 
IIIa (&)-I11 41b - 1.4353 17.8 18.4 - 37.2 61.0 Absolute 


IIIb (+)-I11 40b - 1.4350 -18.7 -19.5 - - 38.9 -63.8 Absolute 
ethanol (20) 


ethanol (20) 
~ - - - - - - IV (&)-I11 86 1.4420 - 


IVa (+)-I11 80 1.4419 44.7 45.7 - 91.1 146.0 Absolute ( R )  - . . ,  . ,  
ethanol (20) 


ethanol (20) 
- IVb (-)-I11 81 1.4418 -45.2 -47.2 - -94.4 - 147.5 Absolute ( S )  


V (+)-IV 35 131-132" - 
Absolute ( R )  Va (+)-IV 38 124-125" - - 


- - - - - - - 
- - - 131a 


ethanol (0.6) 
- - - - 135'L - Absolute ( S )  Vb (-)-IV 44 124-125' - 


. I  


ethanol (0.6) 
- Absolute ( S )  


Absolute ( S )  


- - VI (-)-I11 72 96-97' (15) 1.4298 15.5 - 


-101.0 - 
ethanol (1.0) 


- VII (+)-VI 44 142-144' - - - 
ethanol (0.9) 


0 Because of their orange color, the optical rotations were di5cult to obtain. Concentrations were very dilute; consequently, the error in the sinaller rotations 
(leas than 100") is probably larger than normal due to instrument noise and variability. b A 100% yield is equivalent to 50% of the starting racemic form. 


68 /Journal of Pharmaceutical Sciences 







(*)-I11 


1. L-( +)-tartsric acid 


2. sodium hydroxide 
(-)-III (IIIb) 


CH, 
I C2H I 


I 
1 thienyl lithium 


2. dry hydrogen chloride 


CH, 


(+)- , (-)- C2H5 c,H5>N-i-CH=Cb.HI + 


gas c2H5 


(-)-W-HI (+)-vI 
Scheme II-Reactions involved in absolute configuration studies 


The absolute configuration of (+)-VII-HI rests on the work of 
Beckett and Casy (€9, who showed that  D-(-)-alanine and (+)-VII- 
HI possess identical configurations through an independent syn- 
thetic conversion. Since VII-HI derived from IIIb (see Scheme 11) 
had a negative optical rotation, it follows that IIIb has a configura- 
tion opposite to (R)- or D-(-)-alanine and, therefore, must have a 
configuration identical with (S)- or L-(+)-alanine. It may be 
added, parenthetically, that  the present paper is the first to estab- 
lish the absolute configuration of (+)-VI to be of the (S) variety, 
although the fact that  an optically active form of i t  was used in the 
preparation (6) of (+)-VII-HI is obvious. 


As a result of the failure to find a solid configurational state- 
ment for VI, the anticipated simple conversion of 111 to VI to de- 
termine configuration ended up in the necessity of converting 111 
to VII. The present study provides a firm absolute configurational 
assignment for the enantiomers of 111 and VI and obviates the ne- 
cessity of preparing (+)- or (-)-VII-HI to reach a decision. Finally, 
because IIIb has been shown to be of the (S) -configuration, it fol- 
lows that IIb derived from i t  has the same configuration and that 
IIa, of necessity, is (R). 


The pharmacological testing employed the mouse inclined 
screen assay and the cat tongue-hypoglossal nerve assay, both of 
which were described previously (1, 2). In the mouse assay (Table 
II), the (S)- isomer was found to be about one-half as toxic as its 
enantiomer and about three-fourths as effective as a blocking 
agent. The cat assay (Table 111) was more informative for reasons 
discussed previously (1) and showed an approximate 2:l ratio of 
superiority for the (R)- configuration over the (S) in a preparation 
that is probably more meaningful than the mouse assay. This find- 
ing is in agreement with previous findings (2) with bisquaternaries 
obtained from tetrahydroisoquinoline compounds. 


The examination of preferential inhibition of acetylcholinester- 
ase (Table IV) was of interest. Although the compounds under 
study, as wefl as the parent compound (11). are strong inhibitors of 
acetylcholinesterase, it has been shown rather convincingly that  
the differences in enzyme-blocking ability cannot account for po- 
tency differences. 


EXPERIMENTAL* 


3-Diethylaminobutyronitrile (111)-This compound was 
prepared, according to the method of Dahlbom (5). from ally1 cya- 
nide treated with dimethylamine to give a product agreeing with 
the literature values, bp 83-85O/11 mm, nDZo 1.4362. 


3-Diethylaminobutylamine (1V)-This compound was pre- 
pared, according to the method of Freifelder (7). utilizing a rho- 


dium-on-alumina catalyst. Evaporation of the solvent (CHBOH) 
afforded 86% of a light-yellow liquid, which could not be distilled 
because of its foaming properties. The spectral characteristics of 
the yellow oil were consistent with those expected for IV. There- 
fore, the product was used as such without further purification, 
since all attempts to purify i t  seemed to cause further degradation. 
2,5-Bis[(3-diethylamino)butylamino]-l,4-benzoquinone (V) 


-The preparation of this compound was carried out essentially 
according to the procedure of Cavallito et al. (3). The amine (IV) 
(5.0 g, 37 mmoles) in 10 ml of dry dioxane was added (10 min) to a 
cooled and stirred solution of benzoquinone (1.9 g, 18 mmoles) in 
30 ml of dioxane. After addition was complete, the reaction mix- 
ture was allowed to come to  room temperature and a slow stream 
of oxygen was passed through the solution with stirring for about 
15 hr. 


The reaction mixture was then concentrated to leave a tarry res- 
idue, which resisted recrystallization attempts after providing the 
product (V) as a dark-red semicrystalline solid. When recrystal- 
lized from ethanol-water, this product gave bright-orange-colored 
crystals, mp 131-132'. IR and NMR spectral characteristics were 
in accord with the expected structure. 


Anal.-Calc. fpr Cz2H40N402: C, 67.32; H, 10.27; N, 14.27. 
Found: C, 67.48 H, 10.25; N, 14.22. 
2,5-Bis[ (3-diethylamino)butylamino]-1,4-benzoquinone Di- 


methiodide (11)-The preparation of this compound was carried 
out as described previously (3). This procedure involved the qua- 
ternization of V with methyl iodide (1.1 g, 8.0 mmoles) in absolute 
ethanol-dioxane (1:2), with 3-5 hr of heating at 40-50'. The pre- 
cipitate that  formed was separated by filtration, washed thorough- 
ly with ethanol-dioxane (1:2), and dried to leave I1 as a brick-red 
solid, mp 234-235'. IR and NMR data were in accord with the ex- 
pected structure. 


Resolution of 3-Diethylaminobutyronitrile (111)-Both of 
the tartaric acids available [(+) and (-)I for use as deracemizing 
agents were used in the separation of the enantiomeric forms. 
Thus, Li(+)-tartaric acid (17.3 g, 115 mmoles) dissolved in the 
minimum volume of hot absolute ethanol was reacted with 111 (15 
g, 115 mmoles) in about 20 ml of absolute ethanol. The solution 
was allowed to cool to room temperature and then was cooled over- 
night at 0". The solvent was decanted and the gummy precipitate 
was triturated with acetone to give the product as a white solid. 


Three recrystallizations from absolute ethanol provided 9.3 g 
(58%) of the bitartrate salt having a constant rotation of ( O ( ] D * ~  + 
Table 11-EDm, LDso, and Po tency  Ra t ios  i n  the Mouse  
Assay for  Neuromuscular Junct ion Blocking Potency 


Melting points were determined on a Thomas-Hoover melting-point ap- 
paratus and are uncorrected. Boiling points also are uncorrected. Elemental 
analyses were performed by M-H-W Microanalytical Laboratories, Garden 
City, Mich. Moist extracts were dried with anhydrous calcium or sodium 
sulfate or as otherwise specified. Solvents were routinely removed at about 
20 mm pressure, using a rotating-flask evaporator. TLC was routinely car- 
ried out on Eastman Chromagram (No. 6060) sheets, and visualization was 
done with both UV lamps and iodine vapor. Optical rotations were obtained 
in either absolute ethanol or water, using a Perkin-Elmer 141 polarimeter. 
NMR spectra were obtained as 10-20% solutions in CDCl3 using tetrameth- 
ylsilane as an internal standard, on a Varian A-60D or T-60 spectrometer. 
Physical data on prepared compounds are in Table I. 


Potency 
Ra t ios  


Based on 
EDso [ ( + I -  


ED50. LDSo, Tubocura-  
Compound mg/kg m g / k g  rine = 1001 


- (+)-Tubocurar ine 0.34 100 
IIn (+) 0.35 0.45 97 
I I ~  ( L j  
IIC (+) 


. 


0.50 i .00  
0.45 0.60 


68 
75 
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Table III-EDm a n d  Potency Ra t ios  in the Cat Assay for Neuromuscular Junc t ion  Blocking Potency 


Compound 


ED50 Potency R a t i o  of 
EDSO Potency  R a t i o  Enantiomers a n d  Elevat ion 


EDSO, mg/kg  and Elevat ion Comparison Comparison (Most  P o t e n t  = 1) 


( + ) -Tubocurarine 
IIa ( + I  
IIb ( - )  


0.09 
0.155 
0.330 


100 
90 Fel(dF',  dF)O = 
45 0.199 (2,24) 


1 FeI(dF', dF)a = 
2 0.569 (1,12) 


a Statistical comparisons were made between the line elevations of the isomers to evaluate the significance of the difference in EDoo values. Both values indi- 
cate that the slopes are not statistically different and that the potency differences are significant. 


Table IV-Inhibition of Acetylcholinesterase b y  IIa and IIb 


W ilkinson 
V,,., moles/ 


Compound Wilkinson K p  unit/min 


Acetylcholine 2.56 & 0.02 X 10-4 (K,,,) 1.008 =t 0.05 
(+)-Tubo- 4.29 f 0.4 X 10-4 1.55 f 0.7 


curarme 
4.17 f 0.16 X 0.385 f 0.16 
4.01 f 0.06 X 0.373 f 0.09 'Ia IIb ( - )  (+) 


a Determined by calculation from computer program (Wilkinson) gener- 
ated, altered Km values. 


22.9" (c 1.0, H20). This material was combined with final fractions 
from two other resolutions (total 26.0 g) and dissolved in 50 ml of 
water. The aqueous solution was alkalinized with sodium hydrox- 
ide and extracted with ether, and the ethereal extract was dried 
over anhydrous calcium sulfate. Evaporation of the ether left 11.8 
g of IIIb. 


The same procedure using D-(-)-tartaric acid and 111, recovered 
from the mother liquors of the L-C+)-tartaric acid treatment, af- 
forded 10.1 g of IIIa. 


(+)-Ethyl-3-diethylaminobutyrate (V1)-Compound IIIb 
(4.9 g, 70 mmoles) was dissolved in 15 ml of absolute ethanol and 
treated with 5.5 ml of concentrated sulfuric acid (81, and the resul- 
tant mixture was maintained at  130° for 16 hr in a stainless steel 
bomb. After cooling, the reaction mixture was poured into 70 g of 
cracked ice and the alcohol was removed under vacuum. The reac- 
tion product was washed with aqueous sodium bicarbonate solu- 
tion and then distilled under reduced pressure to give 3.4 g of an 
oily VI. Since the IR and NMR spectral characteristics of this 
compound were in accord with the expected structure, it was used 
without further purification for the preparation of VII. 
(-)-3-Diethylamino-l,l-di(2"thienyl)but-l-ene [(-)-VII]- 


Adamson's (9) procedure was used, in which the initial step was 
the reaction of VI with thienyl lithium3 to provide 3-diethylamino- 
l,l-di(2'-thienyl)butan-l-ol, mp 73-74O [lit. (9) mp 75-76O1. The 
aminoalcohol (0.23 g) in chloroform (3 ml) was converted to the 
aminobutene (VII) by passing dry hydrogen chloride into the solu- 
tion for 10 min. The solvent was removed under reduced pressure, 
and the residue in water was stirred with charcoal for a few min- 
utes a t  60" and then filtered. 


Alkalinization of the filtrate with dilute aqueous ammonia, ether 
extraction of the liberated base, and removal of solvent from the 
dried (anhydrous sodium sulfate) extract provided 120 mg of (-)- 
aminobutene [(-)-VII] as an oil. It gave a hydriodide, buff plates 
(from ether-ethanol), with a melting point and optical rotation 
substantially in agreement with the literature values (6), mp 139- 
140' and [ a ] ~ ~ ~  +lo9 f 2", for its enantiomer. 


Neuromuscular Junct ion Blocking Bioassay-Two different 
assays were used; the first was an all-or-none-type response and 
the second was a graded response. 


Mouse Assay-Tests for the activity of 11, IIa, and IIb were 


carried out on white male Swiss-Webster mice following essentially 
the procedure of Hoppe (lo), which is much the same as that of 
Cavallito et  al. (3) except for the time of observation. Groups of 
six mice were injected intraperitoneally with doses given in a vol- 
ume of 0.01 mllg of body weight. The mice were then placed on an 
inclined screen at a 45" angle. Mice falling off the screen within 15 
min were considered to give a positive reaction. The results are 
summarized in Table 11. 


Cat Assay -The hypoglossal nerve-cat tongue muscle prepara- 
tion employed was described previously (1). Table I11 summarizes 
the neuromuscular junction blocking potencies obtained by this 
assay in comparison with (+)-tubocurarine. 


Acetylcholinesterase Inhibition-Inhibitory potency against 
acetylch~linesterase~ was determined for the enantiomeric IIa and 
IIb as well as for (+)-tubocurarine in essentially the same way as 
described previously (1, 2). The method employs the pH-stat 
method of Cocolas et al. (11) and provided enzymatic velocity, 
which was computer analyzed using the Wilkinson method (12) to 
generate K ,  and V,,, data from which K; values could be calcu- 
lated by employing simple Michaelis relationships. The results are 
recorded in Table IV. 
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GLC Determination of Nicotinamide in Multivitamin 
Formulations after Conversion to Nicotinonitrile 


JORGEN VESSMAN and SIGNHILD STROMBERG 


Abstract A method was developed for the quantitative GLC de- 
termination of nicotinamide. It is based on the conversion of nico- 
tinamide to  nicotinonitrile. This dehydration reaction is mediated 
with trifluoroacetic anhydride and catalyzed by base. The GLC 
properties of this nitrile are excellent. The reaction conditions, ex- 
traction, and stability properties of the derivative as well as the 
choice of internal standard are discussed. 


Keyphrases Nicotinamide-GLC determination in multivita- 
min formulations, conversion to nicotinonitrile Multivitamin 
formulations-GLC analysis of nicotinamide, conversion to nico- 
tinonitrile GLC-analysis, nicotinamide in multivitamin formu- 
lations, nicotinonitrile measured after dehydration 


GLC has been widely used in the pharmaceutical 
analysis for the quantitative determination of various 
products. In the heterogeneous group of vitamins, 
only a few are amenable to GLC. Some approaches 
have been successful, particularly among the fat-sol- 
uble ones. 


Nicotinamide was gas chromatographed early (1). 
The adsorptive properties of the compound have 
made the practical use of GLC methods difficult, al- 
though Prosser and Sheppard (2) and Ashby and 
Deavin (3) reported reproducible results. Silylation 
of nicotinamide was suggested also (4-6). 


The present method utilizes a rapid dehydration 
reaction with trifluoroacetic anhydride (I) to form 
the nicotinonitrile and the subsequent GLC determi- 
nation of that product. The GLC properties are im- 
proved considerably, permitting quantitative deter- 
mination in pharmaceutical formulations with a pre- 
cision of f2.0% or less. 


EXPERIMENTAL 


Apparatus-A gas chromatograph' with a flame-ionization de- 
tector was used with nitrogen (30 mllmin) as the carrier gas. The 
glass column (1.5 m X 0.18 cm) was filled with 20% Carbowax 20 M 
terephthalic acid on 100-120-mesh Gas Chrom P, acid washed and 
silanized. The column temperature was 155'. 


Chemicals and Reagents-Trifluoroacetic anhydride2 (I), pyr- 
idine, methanol, and chloroform were of analytical grade. 6- 
Methylnicotinamide was synthesized from 6-methylnicotinic acids. 


The pH 1.2 buffer for extraction of tablets was prepared by mix- 
ing 2.0 g of sodium chloride, 80 ml of concentrated hydrochloric 
acid, and water to 1 liter. 


A 0.05% solution of bromthymol blue indicator solution was pre- 
pared in water. 


Procedure-Standard Solution Preparation-Weigh accu- 
rately about 25 mg of nicotinamide into a 25-ml volumetric flask. 
Dissolve in and dilute to volume with methanol. 


Weigh accurately about 25 mg of 6-methylnicotinamide into a 
25-ml volumetric flask. Dissolve in and dilute to  volume with 
methanol. This solution is referred to as the internal standard. 


Standard Preparation-Transfer 0.10, 0.20, and 0.30 ml of 


' Varian 1400. 


,3 Pfaltz and Bauer, Flushing, N.Y. 
Merck. 


standard solution into three glass-stoppered 12-ml centrifuge 
tubes. Add 0.20 ml of the internal standard solution to each tube 
and evaporate to dryness on a boiling water bath. 


Add 0.4 ml of pyridine and wait until the residue is dissolved 
(5-10 min). Add 0.2 ml of chloroform and 0.2 ml of trifluoroacetic 
anhydride. Stopper the tubes, shake gently, and let stand for 5 min 
in an ice bath. 


Add 1 drop of bromthymol blue indicator solution and 5 M sodi- 
um hydroxide dropwise to  a blue color. Be careful not to add an 
excess of the hydroxide. Cool the tubes and add 1.5 ml of chloro- 
form. Shake for 2 min and centrifuge. Discard all of the aqueous 
phase, and inject about 3 pl of the chloroform layer into the gas 
chromatograph. 


Calibration Curoe-Construct the calibration curve by plotting 
the weight ratio of nicotinamide-6-methylnicotinamide on the x- 
axis against their peak height ratios on the y-axis. 


Sample Preparation: Liquid Formulations (I mglg) -Weigh 
2.0 ml of the sample in a 100-ml evaporation flask. Add 2.0 ml of 
the internal standard solution, and evaporate to dryness in a vacu- 
um with a rotating evaporator on a boiling water bath. 


Dissolve the residue in 1 ml of methanol. To facilitate the disso- 
lution, warm gently and shake for 5 min. Add 9.0 ml of chloroform 
while shaking and then add a spoon of sodium sulfate. Filter 
through silanized glass wool. 


Pipet 1.0 ml of the clear solution into a 12-ml glass-stoppered 
centrifuge tube. Proceed as described for the preparation of stan- 
dards. 


Sample Preparation: Tablets (20 mglTablet) -Place one tablet 
into a 25-1111 erlenmeyer flask, and add 3.0 ml of pH 1.2 buffer. 
Warm and shake for 15 min in a mechanical shaker. Transfer 
quantitatively into a 25-ml volumetric flask, and dilute to volume 
with methanol. 


Pipet 0.25 ml of the sample solution and 0.20 ml of the internal 
standard solution into a glass-stoppered 12-ml centrifuge tube. 
Proceed as described for the preparation of standards. 


RESULTS AND DISCUSSION 


In studies of the perfluoroacylation of primary and secondary 
amides, Ehrsson and Mellstrom (7) found that primary amides 
were dehydrated to nitriles. This reaction has been of great value 
to improve the GLC properties of some primary amides studied in 
this laboratory. Therefore, it was of interest to  apply this reaction 
to the quantitative determination of nicotinamide. 


Derivative Formation-The formation of the nitrile was veri- 
fied with mass spectrometry. Base catalysis was necessary accord- 
ing to Ehrsson and Mellstrom (7), who used 1.0 M trimethylamine 
in ethyl acetate. With 1 M triethylamine in chloroform, the dehy- 
dration of nicotinamide with I was accomplished rapidly. From a 
GLC point of view, pyridine was the better choice because the 
chromatograms were cleaner and had a much narrower solvent 
front. 


With pyridine as the catalyst, the dehydration was very rapid, 
with a quantitative yield in less than 10 sec. The amount of pyri- 
dine needed for pure nicotinamide extracts was around 25 ~ 1 ,  giv- 
ing a final pyridine concentration in the reaction mixture of 0.52 M 
(final volume 4 . 8  ml). 


The amount of trifluoroacetic anhydride needed for quantitative 
reaction was found to be 100 pl when pure nicotinamide solutions 
were reacted. However, these amounts of reactants were ineffective 
when extracts from liquid multivitamin preparations were ana- 
lyzed, probably because of the poor solubility of the residue from 
these extracts in too small volumes of reagents. Instead, 400 pl of 
pyridine, 200 pl of chloroform, and 200 p1 of I were used, and the 
dried extract was dissolved in pyridine before the anhydride was 
added. 
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Figure I-Gas chromatogram of nicotinonitrile (1) and its 
6-methyl analog (2) obtained from an extract of a liquid multi- 
vitamin preparation containing 1 mg nicotinamidelg. 


The reaction has to be done in the absence of water. Therefore, 
extracts or aliquots of aqueous samples were taken to dryness be- 
fore the derivative formation step. 


Extraction of Nicotinonitrile-After the dehydration reac- 
tion, it was not practical to inject the organic phase directly be- 
cause the solvent front tailed immensely. Careful neutralization of 
the reaction mixture (indicator present), preferrably in an ice bath, 
and immediate separation of the phases gave an organic extract 
which, upon injection, gave acceptable chromatograms (Fig. 1 ) .  


Partition experiments with nicotinonitrile between chloroform 
and aqueous buffers showed that the extraction efficiency de- 
creased below pH 4. Above pH 4 and with equal phase volumes, 
the extraction into chloroform was 94% (measured gas chromato- 
graphically against a lipophilic internal standard, decafluoroben- 
zophenone). To obtain an extraction efficiency greater than 99%, 
the phase volume ratio (organic-aqueous) was adjusted to 3. To 
keep the volume of hydroxide needed to  neutralize the trifluo- 
roacetic acid as low as possible, 5 M sodium hydroxide was used. 
This was of particular importance in the analysis of liquid formu- 
lations. In that way the concentration of the nicotinonitrile in 
chloroform was kept high enough to permit the injection of reason- 
able volumes (55 pl, to keep the solvent front of reasonable size). 


Stabil i ty of Nicotinonitrile-One source of variation was the 
hydrolysis of the nitriles when the reaction mixture was in contact 
with the alkaline aqueous phase. This was particularly apparent 
when a large number of samples were analyzed in a series. 


Of the tested analogs to nicotinonitrile, isonicotinonitrile was 
most sensitive to hydrolysis. After 1 hr in contact with 5 M sodium 
hydroxide, about 25% had degraded. For nicotinamide and its 6- 
methyl analog, the figures were about 6 and 1%, respectively. 
These figures were measured against the lipophilic compound do- 
decane in the organic phase. 


Table I-Relative Retention Times of Various Nitriles 
Derived from Pyridine Carboxylic Acids 


Nitrile in Relative 
Substance Position Retent ion 


Nicotinonitrile 3 1 .ooa 
6-Methylnico tinonitrile 3 1 . 1 6  
6-Chloronicotinonitrile 3 2 . 6 6  
Isonicotinonitrile 4 0.75 
Picolinonitrile 1 1.77 


Retention time of nicotinonitrile at  155O = 6.1 min. 


T o  minimize these hydrolysis effects, the neutralization was 
carefully performed in an ice bath in the presence of bromthymol 
blue. After centrifugation the aqueous phase was completely re- 
moved. 


GLC-GLC properties of the nicotinonitrile were excellent in 
comparison with those of nicotinamide, as was recently shown by 
Ponomarev et al. (6). No signs of memory effects, i.e., desorption 
of compounds from previous injections, were observed. The choice 
of Carbowax 20 M terephthalic acid as the stationary phase was 
chiefly dictated by the fact that  this column gave the best separa- 
tion of nicotinonitrile from pyridine in the solvent front (Fig. 1). 
After a day’s use with extracts from liquid formulations, i t  was ad- 
vantageous to exchange the first part of the column filling (2-4 
cm) to  inhibit clogging. 


Choice of Internal Standard-Four analogous compounds 
were studied as suitable internal standards. The relative retention 
times of the nitriles are given in Table I. The best choice as an in- 
ternal standard from a retention point of view was 6-methylnicoti- 
namide followed by isonicotinamide. The latter would be better 
from an extraction point of view because the extractability was 
equivalent to that of nicotinamide. However, due to  the greater 
risk for hydrolytic losses with isonicotinonitrile, the 6-methyl ana- 
log was preferred. 


The dehydration of the analogous compounds was found to be as 
rapid as for nicotinamide. 


The internal standard was added a t  the beginning and was pres- 
ent in all steps. This was of particular importance in the analysis of 
liquid formulations. 


Quantitative Applications-The method has been applied on 
several multivitamin formulations. Tablets were extracted with an 
acidic buffer, and the extract was diluted with methanol to a con- 
centration of 1 mg/ml. An aliquot of this solution was taken to dry- 
ness, and the residue was then treated with the reagents. 


Liquid formulations were mixed with methanol and the internal 
standard solution and then taken to dryness in a vacuum. The resi- 
due was admixed with methanol and heated on a water bath for 1 
min to dissolve it. Then chloroform and dried sodium sulfate were 
added, whereby precipitation of some constituents occurred. The 
chloroform layer was filtered through silanized glass wool, and 
then an aliquot of the extract was evaporated to dryness and pro- 
cessed. Sometimes the residues obtained at this point were greasy 
and required a couple of minutes to dissolve in pyridine. 


For liquid formulations, the relative standard deviation was 
f1.0%; tablets gave a somewhat higher value, f2%. The method 
has been successfully used in the quality control laboratory for 1 
year. This method can be applied in stability studies because the 
formation of the nitrile is not very probable under normal storage 
conditions. 
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Liquid Chromatography of Clindamycin 2-Phosphate on 
Trie t hy laminoet hy 1 Cellulose 


WALTER MOROZOWICH and ROGER G. WILLIAMS 


Abstract 0 The separation of clindamycin 2-phosphate from clin- 
damycin 3-phosphate, clindamycin 4-phosphate, clindamycin B 
2-phosphate, and lincomycin 2-phosphate was achieved by liquid 
chromatography on triethylaminoethyl cellulose using a 254-nm 
monitor. The compounds have low molar absorptivities a t  254 nm 
(<17), and UV detection is made possible by the high capacity 
support triethylaminoethyl cellulose. Linear peak height response 
versus concentration allows rapid quantitation of clindamycin 2- 
phosphate. 


Keyphrases 0 Clindamycin 2-phosphate-separation from other 
clindamycin compounds, triethylaminoethyl cellulose column, liq- 
uid chromatography 0 Triethylaminoethyl cellulose-used for liq- 
uid chromatographic separation of clindamycin 2-phosphate from 
other clindamycin compounds 0 Liquid chromatography-separa- 
tion, clindamycin 2-phosphate from other clindamycin compounds 


Clindamycin 2-phosphate1 (clindamycin phos- 
phate) (I) is an antibacterial agent synthesized in an 
attempt to decrease the pain on injection associated 
with the compound clindamycin (1). The purpose of 
this work was to explore the separation of clindamy- 
cin 2-phosphate from related isomeric phosphate es- 
ters using background absorbance monitoring (254 
nm), made possible by the high capacity support 
triethylaminoethyl cellulose. 


EXPERIMENTAL 


A liquid chromatograph2 with a 254-nm detector was used. 
Column Packing-Triethylaminoethyl cellulose3 was freed of 


fines by slurrying 1-4% suspensions in water and allowing the ma- 
terial to settle for 1-1.5 hr. The supernate was discarded and the 
slurrying-settling process was repeated six times. The purified 
support was isolated by filtration, washed with acetone, and air 
dried for 24 hr. 


A funnel was attached to  a 2.1-mm i.d. X 1-m stainless steel col- 
umn, and 5-10 mg of triethylaminoethyl cellulose was added from 
an inverted container supported on a 50-mesh screen by brief me- 
chanical vibration of the screen. The side of the column was vi- 
brated for a few seconds, and the material within was compacted 
with a loosely fitting stainless steel rod (1.8-mm diameter) with an 
applied hand force of 0.2-0.7 kg (0.5-1.5 lb). The tamping rod was 
turned 120°, and three such compressions were made after each 
addition of support. Excessive compaction force results in columns 
with poor flow rates, and practice is required to produce columns 


Cleocin Phosphate, The Upjohn Co. 
Du Pont model 820. 


'3 Cellex-T, BioRad Laboratories, Richmond, Calif. 


with adequate flow (0.4-1.5 ml/min) using 2000 psi a t  room tem- 
perature. 


The fully packed column was converted to the borate form by 
pumping about 50 ml of aqueous 0.5 M sodium borate (pH 8.80) 
through the column prior to  use. 


Mobile Phase-A solution of 0.25 M aqueous boric acid was 
prepared with addition of 10 N sodium hydroxide to give a pH of 
8.80 f 0.01. The solution was degassed externally for 10 min with a 
water aspirator while stirring vigorously. 


Samples-Solutions of the phosphate esters were prepared a t  a 
concentration of 2-15% in water with addition of 5 N sodium hy- 
droxide to give a pH of 8.80 f 0.10. Injections of 7 1 1  were normally 
made using a 10-11 syringe4 under continuous flow conditions. 


Peak Identification-The identity of the collected peaks was 
confirmed by TLC, using silica gel plates previously sprayed with a 
5% solution of boric acid, pH 8.0 (sodium hydroxide), and air dried 
overnight. The developing system was chloroform-methanol- 
water-ammonium hydroxide (40506:5), and detection was 
achieved with a 15% ammonium sulfate spray followed by heat. 
The Rf values were: clindamycin 2-phosphate, 0.2; clindamycin 3- 
phosphate, 0.4; and clindamycin 4-phosphate, 0.3. 


Phosphatase Hydrolysis (2)-A solution of 0.05-1 mg of the 


0 5 10 15 20 25 30 35 
MINUTES 


Figure 1-Separation of about 0.4 mg of clindamycin 2- 
phosphate from a crude sample of the corresponding 3- a n d  4- 
phosphate esters, using a 2.1-mm x 1-m column of triethyl- 
aminoethyl cellulose a n d  0.25 M boric acid (pH 8.80) a t  60' 
(flow 0.23 ml/min, 410 psi). 


4 Hamilton 701N, Chaney type I1 adaptor. 
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Constituents of Cannabis sativa L. VIII: Possible 
Biological Application of a New Method to Separate 
Cannabidiol and Cannabichromene 


C. E. TURNER=, K. W. HADLEY, JANIS HENRY HOLLEY, S. BILLETS, and 
M. L. MOLE, Jr. 


Abstract Synthetic and naturally occurring cannabidiol and 
cannabichromene were distinctly separated without derivation by 
GLC using a 6% OV-1 column; an artifact of cannabichromene, 
cannabicyclol, was separated from ( -)-Ag-trans- tetrahydrocanna- 
bivarin. This procedure is'versatile and applicable for the quanti- 
tation of Cannabis containing both cannabidiol and cannabichro- 
mene. Biological interaction among (-)-Ag-trans- tetrahydrocan- 
nabinol, cannabichromene, and other cannabinoids in natural 
Cannabis preparations can now be studied. In the phenyl methyl 
silicone polymer series, cannabidiol precedes cannabichromene on 
columns containing below a 50% phenyl-to-methyl ratio. Columns 
containing a 50:50 or greater ratio of phenyl to methyl reverse the 
separation order with cannabichromene preceding cannabidiol. 


Keyphrases o Cannabis satiua L.-constituents, method to sepa- 
rate cannabidiol and cannabichromene, GLC conditions discussed 


Cannabinoids-separation of cannabidiol and cannabichromene, 
GLC GLC-separation of cannabidiol and cannabichromene 


Recently, numerous data supporting pharmacolog- 
ical interactions between cannabinoids have been 
published. Carlini et al. (1) suggested that cannabi- 
diol (I) could possibly block some effects of (-)-Ag- 
trans- tetrahydrocannabinol (11). Karniol and Carlini 
(2) postulated that both I and cannabinol (111) may 
alter the action of 11. More recently, Karniol and Car- 
lini (3) reported that I blocked several effects of I1 in 
animal models and that I potentiated the analgesic 
effects of 11. Borgen and Davis (4) found that I in- 
duced reduction of the hypothermic response to I1 in 
rats and rabbits and that I can attentuate other ef- 
fects of 11. Furthermore, Jones and Pertwee (5) re- 
ported that I pretreatment altered the metabolism of 
11. Therefore, quantitation of cannabinoids other 
than I1 must be accomplished to describe pharmaco- 
logical parameters and to correlate these parameters 
with the cannabinoidb) responsible for the activity. 


This laboratory has recommended that each sam- 
ple of Cannabis sativa L. be quantitated routinely 
for all possible cannabinoids so that pharmacologists 
may study the potentiation or antagonism of I1 activ- 
ity by other cannabinoids (6, 7). To accomplish this 
task, much time and effort have been assigned to the 
development of techniques. Results have shown that 
when proper analytical techniques are used, quanti- 
tation of I1 in plant material is relatively simple (8, 
9). 


Cannabinol (111) can be quantitated, but care must 
be observed since a Czs-hydrocarbon has nearly the 
same relative retention time and can cause error in 
quantitating I11 (9). However, I is not easily quanti- 
tated in plant material. 


Vree et al. (lo), using GC-mass spectrometry, 


Table I-GC Columns and Conditions for the Separation 
of a Mixture of Cannabichromene and Cannabidiol" 


Oven Separation 
Liquid Per- Tem- 
Phase cent perature No Yesb Yesc 


ov-1 ov-1 ov-1 ov-1 ov-1 ov-1 
OV-3 
OV-7 
OV-7 
OV-7 ov-11 
OV-17 
OV-17 
OV-17 
OV-17 
OV-17 


OV-25 


QF-1 


OV-17 


OV-25 


3 
3 
6 
6 
8 
8 
3 
3 
3 
6 
3 
2 
2 
3 
3 
5 
5 
2 
2 
3 


180" 
200 ' 
180' 
200' 
180 ' 
190" 
180 " 
180 " 
200 ' 
180' 
200 ' 
180" 
210" 
180 " 
210' 
250 ' 
210' 
210" 
210 ' 
210' 


X 
X 


X 
X 


X 


X 
X 


X 


8 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


" The mixture can be natural and/or synthetic. * Quantitation is possible 
Quantitative without computer. d Using using a GC-computer system. 


80-100 mesh and 4 - m  i.d., 1.8-m (6-ft) column. 


showed that a Brazilian sample of Cannabis con- 
tained no I, although a strong GC peak existed where 
I is normally found. The compound yielding the peak 
normally assigned to I was cannabichromene (IV), 
which supported de Faubert Maunder's (11) state- 
ment that I was definitely absent in some samples of 
Cannabis. This researcher used a TLC system. More- 
over, Turner and Hadley (8) investigated a South Af- 
rican sample and found an absence of I but the pres- 
ence of IV; this finding was confirmed by GC-mass 
spectrometry, TLC, and GC. 


Although the OV-17 column1 used in routine quan- 
titation of cannabinoids has been reported as sepa- 
rating I and IV (12), this separation was based on a 
5-sec time interval between peaks of pure I and IV 
and not a mixture of the two. 


A clear and concise separation of synthetic I and 
IV, using a trimethylsilyl procedure, was reported 
(13); this procedure also afforded separation of I and 
IV in, plant material (14). The silyl procedure in these 
laboratories provides excellent reproducibility in 
quantitating all cannabinoids when responsible ana- 
lytical procedures are followed. However, when some 
silyl reaction mixtures are allowed to stand at ambi- 
ent temperature for more than 1 hr, reproducibility 


High purity polar methyl silicone; approximately 30,000 mol. wt. used by 
National Institute on Drug Abuse for analyses of Cannabis. 
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Table 11-Mass Spectra Data for Cannabichromene and Cannabidiok 


Com- 
pound m / e  


I 314 299 286 271 - 260 259 258 - 246 - 232 231 230 229 
IV 314 299 - 271 267 - - 258 257 - 243 232 231 - - 


Data obtained from combined GC-mass spectrometry as dacribed under Experimental. Data were obtained a t  70 ev. 


diminishes. Also, silylation requires additional time 
and response factors. Therefore, the purpose of this 
present investigation was twofold: (a )  to develop a 
method for the separation of I and IV without neces- 
sitating derivative formation, and ( b )  to eliminate 
the requirement for additional response factors. 


EXPERIMENTAL 


Analyses were performed using a gas chromatograph* equipped 
with hydrogen flame-ionization detectors and operated isother- 
mally a t  180'. The detector and inlet temperatures were 260 and 
240°, respectively. Glass columns, 0.63 cm (0.25 in) 0.d. and 2 mm 
i.d. X 2.43 m (8 ft), were packed with 6% OV-1 on 100-120-mesh 
Gas Chrom Q. Nitrogen was used as the carrier gas at a flow rate 
between 10 and 30 ml/min, depending upon instrument and col- 
umn requirements. 


The Cannabis samples used were from known seed stock3 and 
prepared according to the modified Lerner extraction method (8). 
The synthetic standard solution was prepared by dissolving 5 mg 


of each standard [cannabichromene, cannabidiol, and androst-4- 
ene-3J7-dione (V)] in 1.5 ml of absolute ethanol. The resulting 
standard solution (1:l:l) was ultrasonically shaken for 30 sec, after 
which time 0.2-0.4 pl was injected. In these laboratories, quantita- 
tion reliability diminishes due to detector overload when any vol- 
ume over 1 pl is injected. For additional analytical data on the 
analysis of Cannabis, see Refs. 6,  7, 9, and 14. Response factors 
were calculated using synthetic cannabinoidd and naturally occur- 
ring cannabinoids isolated in these laboratories. 


RESULTS AND DISCUSSION 


Gaoni and Mechoulam (12) reported pure I and IV to have re- 
tention times of 5 min 40 sec and 5 min 35 sec, respectively, using 
2% OV-17 at 253'. This 5-sec time differentiation is insufficient for 
quantitating a mixture of I and IV. Additionally, de Zeeuw et al. 
(15) reported the separation of I and IV in a Cannabis sample 
using 5% OV-17,5% OV-25,3% QF-1, and 5% SE-30. The best sep- 
aration was obtained on the 5% OV-17 column. Retention times re- 
ported, with the exception of SE-30, indicated that IV preceded I 
(15). However, these chromatograms from a 5-pl injection of a hex- 


Figure 1-Chromatogram showing the nonseparatwn of syn- 
thetic cannubidwl and cannabichromene on 2% OV-17. Key:  
VI, cannabicyclol; I ,  cannabidwl; IV, cannabichromene; and 
V ,  androst-l-ene-3,17-dwne, the internal standard. 


Beckman GC-45, GC-65, interfaced to digital PDP-8 computer for data 
retrieval and determination of respse.factors. 


Grown a t  the University of ississippi. Cannabis herbarium s ecimens 
are stored in the Herbarium, Department of Pharmacognosy, fchool of 
Pharmacy, University of Mississippi, University, MS 38677 
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Figure 2-Electron voltagemass fragment intensity graph 
of cannubidiol. The point of intercept for mass fragments 231 
and 314 is approximately 12 eu; in the system of Vree e t  al. 
( lo) ,  the intercept is approximately 13  ev. Although mass frag- 
ment intercepts are not identical, the patterns are identical. 


4 Obtained through the National Institute on Drug Abuse. 
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Table 111-Relative Retention Times of Underivatized 
Cannabinoids and Other Components Found in  Cannabis 


Olivetol 0.04 -~~ ~~~~ 


Cannabidivarin (CBDV; VIII)  
Tetrahydrocannabivarin (THC;  VII) 
Cannabicyclol (CBL; VI)  
Cannabichromene (CBC; IV) 
Cannabivarin (CBV: IX) 


0.18 
0.26 
0.26 
0.34 
0.34 


&nnnhirliol fdBD: 1) ' 0.34 \ - - - I  - I  - _____I - .___ - 
Hexahydrocannabinol (HHC;  X) 0.37 
Cannabigerol monomethyl ether (CBGM; XI) 0.38 
Ag.ll-Tetrahvdrocannabinol (ETHC: X I I l  0.41 
As-Tetrahydrocannabinol ( Ai-THC;.XIII) 0.44 
Cannahielnoin (CBE: X I V )  0.48 ,---. --- ~ _.__ ~.. 


Ag-Tetrahydrocannabinol (Ag-THC; 11) 0.49 
Cannabigerol (CBG; XV) 0 .57  
Cannabinol (CBN; 111) 0.63 
Css-Hydrocarbon (XVI) 0.67 
Androst-4-ene-3.17-dione ( A4-dione; V) 1.00 


ane extract of Cannabis contained only a trace amount of I and IV. 
Thus, it was difficult to ascertain if the separation reported allows 
for quantitation. 


Duplication of the reported experimental conditions in these 
laboratories using synthetic cannabinoids did not separate a mix- 
ture of I and IV; however, cannabicyclol (VI), an artifact from IV, 
was separated and did procede the single peak observed for the 
mixture of IV and I. De Zeeuw et al. (15) did not mention the pres- 
ence of VI, which is routinely observed when synthetic or naturally 
occurring IV is subjected to GC analyses (9). Therefore, the rela- 
tive retention times reported by de Zeeuw et al. are indicative that 
VI is mislabeled and misidentified as IV. 


Using another support phase, 3% OV-7 at 210°, Small and Beck- 
stead (16) reported the separation of I and IV. Although no reten- 
tion times were reported, a representative chromatogram showed 


I I L I I I I I I I I I  


5 6 7 8 9 10 11 12 13 14 15 


Figure 3-Electron voltage-mass fragment intensity graph 
of cannabichromene. 


ev 
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- - -  210' OVEN TEMP. - 180' OVEN TEMP. 


Y 


I 


I 


IV 


I 


Figure 4 4 e r l a y  of cannabidiol and cannabichromene on 
6% OV-1 at own tempemturns of 210' (dotted line) and 180' 
(solid line). Key: V I ,  cannabicyclol; I, cannabidiol; I V ,  
cannabichromene; and V, androst-kene-3,17-dione, the in- 
ternal standard. 


IV preceding I. Investigation of the 3% OV-7 as a potential replace- 
ment for the 2% OV-17 column, which does not separate a mixture 
of IV and I, indicates that 3% OV-7 does not adequately separate I 
and IV for routine analyses. 


When pure synthetic standards were used, IV did, indeed, pre- 
cede I on OV-17 and OV-25 columns by seconds. However, these 
separations were not sufficient to provide separation of a synthetic 
mixture of I and IV (Fig. 1) in equal or unequal ratios. This finding 
was confirmed using GC-mass spectrometry6 and, subsequently, 
"mass-fragmentograms" as described by Vree et al. (10) (Figs. 2 
and 3). Additionally, no separation was obtained when chromato- 
grams were produced at different temperatures (Table I). 


Cannabidiol has been reported as preceding IV with a 5% SE-30 
column (15), a methyl silicone as is OV-1. In the phenyl methyl sil- 
icone polymer series in these laboratories, l preceded IV when the 
percent phenyl-to-methyl ratio of the polymer was below 50% (e.g., 
OV-1, 3, 7, and 11). However, VI precedes both I and IV (Fig. 4). 
This separation is based on pure synthetic samples. Mixtures were 
not separated if they are not reported in Table I. Thus, when the 
phenyl-to-methyl ratio was below 50%, the data from this study 
support de Zeeuw et a!. (15) but are in direct conflict with data 
published by Small and Beckstead (16). When the phenyl-to- 
methyl ratio was 5050 or greater, the separation of pure I and IV 
was reversed with IV preceding I. Cannabicyclol (VI) also precedes 
IV and I and is mislabeled IV in some publications (15-17)6. The 
OV-17 polymer is 5050 phenyl to methyl, whereas OV-25 is com- 
posed of a higher percent phenyl-to-methyl ratio. As previously 
stated, this separation was based on pure synthetic samples, with 
no clear separation being obtained when a mixture of I and IV was 
analyzed (see Table 111 for relative retention times on OV-17). 


Methyl silicone (6% OV-1) in these laboratories affords quanti- 


Varian Series 1400 interfaced to DuPont 21-492 high resolution inter- 
faced with digital PDP-12. 


Since this manuscript was prepared, personal communications from Dr. 
Harry Beckstead revealed that Dr. Beckstead is aware of this problem. He 
agrees with our results: cannahicyclol is usually misidentified and labeled 
cannabichromene. 







Figure 5-Chromatogram of Indian C. sativa L., coded IN- 
B(2)/C-72, run on 2% OV-17. Key: VIII, cannabidivarin; 
VII, ( -) -A9-trans-tetrahydrocannabivarin; VI, cannabicyclol; 
I ,  cannabidiol; IV, cannabichromene; 11, ( -)-A9-trans-tetra- 
hydrocannabinol; XV, cannabigerol; 111, cannabinol; XVI, 
Cz9-hydrocarbon; and V, androst-4-ene-3,17-dione, the internal 
standard. *In certain samples, cannabivarin (IX) occurs 
under this peak. **This peak is normally labeled (-)-A8- 
trans-tetrahydrocannabinol (XIII)  , but spectral data in  these 
laboratories indicate that this particular peak is not XIII. 


tative separation of I and IV (Table I1 and Figs. 2 and 3). Figure 4 
shows the separation of synthetic I and IV obtained on the 6% 
methyl silicone column a t  180'. Preceding I is a small peak repre- 
senting VI. Cannabicyclol (VI), an artifact, is routinely observed in 
chromatograms when IV is present (9). 


Temperature was most critical in the separation of I and IV. 
When methyl silicone is used, 180° gives excellent separation; a t  
190°, the separation is less distinct; and above 200°, no separation 
occurs (Table I and Fig. 4). Synthetic I on methyl silicone has a re- 
tention time of 19 min 30 sec, and synthetic IV elutes a t  21 min 15 
sec. This separation is more than sufficient for quantitating I and 
IV. The separation and quantitation of (-)-A9-trans-tetrahydro- 
cannabivarin (VII) and VI are possible. When using a 2% OV-17 
column, VI and VII occur under the same peak (Fig. 5 and Table 
111). Thus, for the separation and quantitation of I and IV and VI  
and VII without preparing derivatives (14), the methyl silicone is 
superior to those columns investigated in this experiment (Table I 
and Fig. 6). Eight percent methyl silicone and 3% OV-3 will sepa- 
rate I and IV, as does methyl silicone, but extended retention 
times diminish the separation advantages. 


Fentiman7, using 10% OV-101 at 190°, obtained a separation 
comparable to the separation on 6% OV-I ,  with cannabidiol and 
cannabichromene giving retention times of 1 hr 42 min and 1 hr 50 
min, respectively. 


Thus, in view of these findings, it appears that many reported 
procedures (12, 15-17) have not separated I and IV but have mis- 
takenly identified VI and IV. Also, these findings and others (18) 
make the validity of a classification system for Cannabis using I, 
11, or 1-111 questionable. However, it is now possible to quantitate I 


Dr. Al Fentiman, Battelle, Columbus, Ohio, confirmed results from these 
laboratories. 


VII i"' I 


Figure 6-Chromatogram of Indian C. sativa L., coded IN- 
B(2)/C-72, run  on 6% OV-1. Key: VII I ,  cannabidiuarin; 
VII, ( -) -AO-trans-tetrahydrocannabiuarin; VI, cannabi- 
cyclol; I, cannabidiol; I V ,  cannabichrornene; I I ,  ( - ) -Ag-  
trans-tetrahydrocannabinol; XV,  cannabigerol; 111, canna- 
binol; and  XVI ,  Czs-hydrocarbon. * When cannabivarin (Ix) 
is present in  the sample, it is under this peak. **Data indicate 
that this peak is probably the peak in  question in  Fig. 5 and is 
currently being investigated. ***Internal standard appears 
under this peak when present. This  chromatogram is  of a 
normalization analysis to determine the ratio of I V  to I. 


and IV in any preparation of Cannabis without preparing deriva- 
tives. Additionally, in these laboratories, response factors from 
OV-1 and OV-17 columns are within experimental error. 


It is the recommendation of this research group that routine 
Cannabis preparations analyzed on 2% OV-17 be supported by an 
analysis using methyl silicone, thereby enabling pharmacologists 
to extend and validate their findings on the potentiation and/or 
antagonism of I1 by other cannabinoids. Moreover, a recent recom- 
mendation by an United Nations working group on the chemistry 
of Cannabis and its componentse that accurate analyses of 1-111 be 
included in all scholarly reports on Cannabis can become a reality. 
The biological significance and implications of these findings are 
far reaching but cannot be adequately documented at this time; 
however, preliminary data obtained from the methyl silicone col- 
umn indicate that IV may be more abundant in nature than I. 
Since IV has been reported previously as I, alteration of the classi- 
cal biological activity of I1 attributed to I may have been due to IV 
or to a combination of I and IV or of other cannabinoids in experi- 
ments where natural plant material was used. 


SUMMARY 


Cannabidiol and cannabichromene were separated and quanti- 
tated in C. satiua L. Most previous literature reporting the separa- 
tion of cannabidiol and cannabichromene have mislabeled canna- 
bicyclol, an artifact from cannabichromene, as cannabichromene. 
Cannabicyclol and (-)-Ag-trans-tetrahydrocannabivarin can be 
separated and quantitated on OV-1 but cannot be separated and 
quantitated on OV-17. Cannabichromene, often erroneously re- 


~~ 
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ported as cannabidiol, is more abundant in nature than previously 
thought; any previous classification of C.  satiua L. based on canna- 
bidiol, cannabinol, and (-)-Ag-trans- tetrahydrocannabinol must 
be questioned. Since it is known that synthetic cannabidiol antag- 
onizes certain effects of (-)-A9-trans-tetrahydrocannabinol, much 
work is now needed on variants of Cannabis containing various ra- 
tios of cannabidiol and cannabichromene in relation to (-)-Ag- 
trans- tetrahydrocannabinol. 
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Electron-Capture GLC Determination of a 
New Antiarrhythmic Agent, 
a,a-Dimethyl-4- (a,a,P,P- tetrafluorophenethyl) benzylamine, in 
Biological Fluids 


ANTHONY G. ZACCHEI and LINDA WEIDNER 


Abstract A highly specific and sensitive GLC method was de- 
veloped for the analysis of n,cu-dimethyl-4-(cu,a,~,~-tetrafluoro- 
phenethyl)benzylamine, a new orally active antiarrhythmic drug, 
in biological fluids. The procedure involves the addition of an in- 
ternal standard, 4-(a,cu,~,P-tetrafluorophenethyl)benzylamine, to 
the plasma or urine samples followed by extraction of the drugs 
into benzene at  pH 8. The extracted amines are converted to the 
trifluoroacetyl derivatives (characterized by GLC-mass spectrom- 
etry), chromatographed, and detected with a 63Ni electron-capture 
detector. The sensitivity of the method is such that 10 ng of c u p -  
dimethyl-4-(cu,a,~,~-tetrafluorophenethyl)benzylamine/ml of plas- 


ma can be analyzed. These levels are suitable for the analysis of 
samples obtained following a therapeutic dose. 


Keyphrases 0 CY,N - Dimethyl - 4 - (n,cu,P,P - tetrafluorophenethy1)- 
benzylamine-electron-capture GLC determination in biological 
fluids 0 Antiarrhythmic agents-electron-capture GLC determi- 
nation of n,cu-dimethyl-4-(cu,rY,P,P-tetrafluorophenethyl)benzyl- 
amine in biological fluids 0 GLC, electron capture-analysis, 
cu,cu-dimethyl-4-(cu,cu,8,8-tetrafluorophenethyl)benzylamine in bio- 
logical fluids 


N,CY - Dimethyl - 4 - (cu,a,P,P - tetrafluorophenethy1)- 
benzylamine (I) is a new orally effective agent for 
the treatment of ventricular arrhythmias resulting 
from myocardial infarction (1). The compound is one 
of the more potent agents in preventing or modifying 
the ventricular arrhythmia produced in anesthetized 
dogs by the intracoronary injection of a sclerosing 
agent (2 ,3) .  The drug was designed as a prophylactic 
agent and has advantages over other drugs currently 


employed. Studies on the physiological disposition of 
the compound (4) have not included a specific meth- 
od of assay. 


Preliminary quantitative experiments in this labo- 
ratory using colorimetric, fluorometric, and GLC 
(flame-ionization detection) methods lacked the sen- 
sitivity required to detect clinical levels of the drug. 
The use of electron-capture techniques for the assay 
of low levels of drugs, has been reported (5-15). How- 
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C O M M  b-NICA T I O N S  


0 0 Amino Acid Esters of Phenolic Drugs as 
Potentially Useful Prodrugs 


~ 


Keyphrases Phenolic drugs-use of amino acid esters as pro- 
drugs Amino acid esters of phenolic drugs-use as prodrugs 


Prodrugs-consideration of amino acid esters of phenolic drugs 


To the Editor: 


It is sometimes desirable to make temporary chem- 
ical modifications to drug molecules for the purpose 
of increasing their chemical stability, of changing 
their solubility or rate of dissolution, or of modifying 
their distribution within the body. If such chemically 
modified drugs are transformed to the parent drug 
before they elicit a pharmacological response, they 
are referred to as prodrugs (1). 


It is frequently desirable to formulate phenolic 
drugs as prodrugs, because many of them have low 
water solubility as neutral molecules and they are all 
subject to oxidative degradations in vitro and conju- 
gative metabolism in uivo. Amino acid esters of phe- 
nolic drugs appear to be attractive candidates for 
consideration as prodrugs for the following reasons: 


1. Prodrugs with either higher or lower water solu- 
bility can be made following appropriate selection of 
the amino acid. For example, the aqueous solubilities 
at 25" of acetaminophen (p-acetamidophenol) (I), 
the hydrobromide salt of its glycine ester (II), and 
the hydrochloride salt of its P-aspartic acid ester (111) 
were calculated to be 0.10, 0.48, and 0.023 M ,  respec- 
tively. 


2. Considerable differences in the stability against 
hydrolysis have been found for different amino acid 
esters of a particular phenol. Hence, the t1/2 values 
(half-lives) for hydrolysis of I1 and I11 and for the a- 
aspartic acid ester of I (IV) in water a t  pH 7.0 and 
25" were 49, 155, and 2.65 min, respectively. The t1/2 
values a t  pH 2.0 were 1850, 2850, and 76 min, respec- 
tively. These half-lives were observed when no gener- 
al acids or bases or other catalytic species were pres- 
ent in the solution. 


3. The hydrolyses of amino acid esters of phenols 
are likely to be catalyzed by general bases and nu- 
cleophilic species; even in the absence of any enzyme- 
facilitated hydrolysis, the hydrolyses are likely to be 
rapid within the body to yield the phenolic parent 
drug. The hydrolysis of the ester I1 was subject to 
general base and nucleophilic catalysis, and the cata- 
lytic rate constants (assuming that the rate-deter- 
mining step of the reaction involves one molecule of 
the protonated form of the ester and one molecule of 
general base or nucleophilic species) were calculated 
to be 2.04 X M-' min-' for formate ion, 5.80 X 


M-l  
min-l for dihydrogen phosphate ion, and 4120 X 


M-l min-l for acetate ion, 120 X 


M - l  min-' for tromethamine. 


I1 


0 0 - 
0 2 C - N H 2 - C H 2 - ! - O ~ - C - C H 3  - +  il 


- H + l t  


0 0 


Leuchs 
anhydride 


Scheme I 


The rate laws for hydrolysis in glycine and tro- 
methamine buffers also included a term that was sec- 
ond order in the amine. In addition, the rates of hy- 
drolysis were dramatically catalyzed by dissolved car- 
bon dioxide. Whereas the t 112 value for the hydrolysis 
of I1 in a 5 X M tromethamine buffer (pH 7.44) 
a t  25O was 7.7 min, the t 112 value in a 2 X M so- 
lution of sodium bicarbonate in the same buffer (pH 
7.44) was 4.9 min-the reaction rate constant had in- 
creased by more than 50%. Blood and other body 
fluids contain similar or larger concentrations of dis- 
solved carbonic acid species (2). At pH 7.44,6.75, and 
6.00, the apparent catalytic rate constants for the 
total concentration of carbonic acid species (H2C03, 
HC03-, and C03-2) were 23.07, 7.32, and 0.96 M-' 
min-l, respectively. These data can best be rational- 
ized by postulating that carbon dioxide catalyzes the 
reactions via the sequence of reactions shown in 
Scheme I. 


This reaction sequence is similar to one postulated 
by Hay and Main (3) to account for the effects of car- 
bon dioxide on the hydrolysis of a-amino acid esters 
of p-nitrophenols. The only difference is that where- 
as Hay and Main concluded that the formation of the 
carbamate was the sole rate-determining step for hy- 
drolysis of p-nitrophenol esters, the reactions of I1 
can best be rationalized by concluding that both this 
step and the step that results in the formation of the 
Leuchs anhydride are rate determining. 


The rate of hydrolysis of I1 was significantly in- 
creased over what was found in water a t  25' when the 
solution temperature was increased to 37' and rabbit 
blood plasma was added to the solution. In a 3 X 
M solution of tromethamine (pH 7.40) to  which 1 and 
3% blood plasma had been added, the t 1/2 values were 
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14 and 4.9 min, respectively, at 37’. Catalysis in these 
solutions is probably the result of a combination of 
general base, nucleophilic, carbon dioxide, and even 
some enzyme catalysis. Therefore, it is expected that 
many amino acid esters of phenolic drugs would be 
rapidly tranformed to the drug under in vivo condi- 
tions. 


4. Many amino acids are normal dietary constitu- 
ents or are substances with little toxicity. Thus, the 
compound formed along with the drug when the pro- 
drug is hydrolyzed is unlikely to  cause toxic reac- 
tions. 


Detailed results of a kinetic study of the reactions 
of 11, 111, and IV in aqueous solutions together with 
some mechanistic considerations will be published 
subsequently. 


(1) A. Albert, “Selective Toxicity,” Wiley, New York, N.Y., 
1965. 


(2) “Biology Data Book,” P. L. Altman and D. S. Dittmer, Eds., 
Federation of American Societies for Experimental Biology, Wash- 
ington, D.C., 1964 


(3) R. W. Hay and L. Main, Aust. J .  Chem., 21,155(1968). 
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Phenol Formation from 
Alkylparabens by Bacteria 


Keyphrases Phenol-formation from alkylparabens by bacte- 
ria Parabens, alkyl-role in formation of phenol by bacte- 
ria 0 Preservatives-phenol formation from alkylparabens by bac- 
teria 


T o  the Editor: 


Alkylparabens are widely used as preservatives for 
various pharmaceutical preparations such as injec- 
tions, solutions, emulsions, and suspensions. They 
are also used in cosmetic preparations containing 
various fats and oils susceptible to microbial attack. 
Alkylparabens are also involved in gelatin prepara- 
tion from animal sources to prevent proliferation of 
contaminated bacteria. 


When a paste of gelatin containing alkylparabens 
was incubated a t  room temperature, we found that 


0 12  30 
ETHYLPARABEN ADDED. lrmOleS 


Figure 1-Effects of various levels of ethylparaben on phenol 
formation, using resting cells as the enzyme source. Reaction 
mixtures contained ethylparaben and 7.6 X 10’O cells in a final 
volume of 12 mi. The mixed cell suspension containing strains 3, 
4 ,  and 5 was added. Reaction mixtures were incubated at 37O 
without shaking for about 110 hr. Viable cell counts in the reac- 
tion mixtures after incubation at the lowest and highest levels 
were estimated as 2.9 X lo9 and 1.7 X lo9, respectively. Each ex- 
periment was carried out with two flasks. 


phenol formation was followed by the liquefaction of 
gelatin. 


With the advancement of the Good Manufacturing 
Practices, microbial contamination, even in nonster- 
ile drugs in either final products or raw materials, has 
become of concern for the quality control of pharma- 
ceutical manufacturing processes. This communica- 
tion is concerned with the finding that alkylparabens 
are decomposed to phenol by the cooperative action 
of two different bacteria. 


Three microorganisms were isolated from the 
pharmaceutical manufacturing processes using gela- 
tin; they were identified as Klebsiella aerogenes 
(strain 3) ,  Pseudomonas aeruginosa (strain 4), and 
Pseudomonas aeruginosa (strain 5). They are able to 
grow in a gelatin paste containing alkylparabens. 


Each microorganism was grown on soybean casein 
digest agar slant medium (1) for 18 hr a t  37O without 
shaking. The grown cells were harvested aseptically 
by centrifugation, washed once with sterile water, 
and suspended in sterile water. The cell suspensions 
thus prepared were kept in a refrigerator until use 
and were used for the following experiments. 


Counting of viable cells was carried out by means 
of the plate method, using soybean casein digest agar 
as the test medium as described in USP XVIII (1). 
Various alkylparabensl and p- hydroxybenzoic acid2 
were obtained commercially. Other reagents used 
were of the best quality commercially available. 
TLC3 was carried out according to  the methods de- 
scribed by Sadamatsu et al. (2). Phenol was deter- 
mined by literature methods (3 ,4) .  


Wako Pure Chemicals Co. 
Tokyo Kasei Co. 
DC Fertigplatten Kiesel gel G 60 F 254 from Merck was used. 
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albumins and the probes used. Carbonic anhydrase may lack the 
structural requirement for the binding of l-anilinonaphthalene-8- 
sulfonate. 


In contrast to the quenching of. the native fluorescence of pro- 
tein by the probes, no quenching was observed upon addition of 
the probks to tryptophan dissolved in buffer. This indicates that 
the driving force for the probe-protein binding is not mediated by 
direct interaction between the probe and tryptophan molecules, al- 
though tryptophan has been reported to have a binding affinity to 
various other organic molecules (24, 25). This observation also 
shows that the quenching of protein fluorescence by the probes 
was not due to concentration or inner filter effects. 
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Abstract 0 The electron spin resonance spectra of probes were 
used to study the organization and motion of molecules in hydrat- 
ed stacked bilayer or liposome model membrane systems. The 
same steroid structures required for reduction of membrane per- 
meability were required to produce well-ordered films of brain 
lipid. Alcohols and anesthetic agents influence the structure of 
model membranes, with their order of efficacy paralleling their 
pharmacological effectiveness. Spin probes were also used to dem- 
onstrate effects of calcium and local anesthetics on the rate of pen- 


Electron spin resonance spectroscopy (ESR) exam- 
ines the spectra of free radicals in an applied magnet- 
ic field. In a filled electron orbital, there are two elec- 
trons whose magnetic moments cancel; but in a free 
radical, there is an unpaired electron with a net mag- 
netic moment. This electron has two different energy 
states, which can be qualitatively described as having 
the magnetic moment parallel and antiparallel to an 
applied magnetic field. The energy difference be- 
tween these states is equal to the energy of a quan- 


etration of ascorbate into lipid bilayers. 


Keyphrases Anesthetics-effects on membrane lipids, electron 
spin resonance spectra 0 Lipids, membrane-effects of anesthet- 
ics, electron spin resonance spectra 0 Drug-biomolecule interac- 
tions-effects of anesthetics on membrane lipids, electron spin res- 
onance spectra 0 Interactions-drugs with biomolecules, sympo- 
sium 


tum of microwave radiation (for the usual applied 
magnetic fields of 3-12 kilogauss). A single absorp- 
tion line is observed in the case of an isolated elec- 
tron. In a free radical, the magnetic environment of 
the electron can split this resonance into a number of 
lines. 


In the spin-label method, a free radical with a suit- 
ably designed functional group is reacted with the 
system. In the spin-probe method, selected molecules 
with free radical moieties are intercalated into the 
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system. Details of the latter method, in particular 
with respect to the study of oriented lipid films, were 
discussed by Smith (1). 


DISCUSSION 


In this laboratory, two types of spin labels have been used pri- 
marily. One type (IV and V) is a steroid with a nitroxide group a t  
the CB position. Another type (I and 11) consists of a fatty acid or 
ester with a nitroxide group on the hydrocarbon chain. Probe 111 is 
also used occasionally as a monitor of head-group mobility. 


Figure 1 describes how the spectra of a nitroxide depend upon 
the angle between the N-0 bond and the magnetic field of the 
spectrometer. This bond is perpendicular to the long axis of the 
steroid nucleus (IV and V) and parallel to the long axis of the fatty 
acid (I and 11). If probes IV and V orient themselves perpendicular 
to the plane of a lipid film and rotate rapidly about their long axes, 
their ESR spectra would consist of three lines separated by 6 and 
19 gauss with the magnetic field perpendicular and parallel to the 
film, respectively. 


When V is intercalated in brain lipid films, as the spectral an- 
isotropy (difference between spectra run perpendicular and paral- 
lel to the magnetic field) decreases, the ratio of the heights of the 
peak 6-8 gauss downfield from the central peak and the central 
peak decreases when the spectra are observed with the film per- 
pendicular to the magnetic field. This ratio, b/c, is a measure of 
the spectral anisotropy, varying from 1 for perfect order to 0 for a 
totally random array of spin probes. Under the same conditions, 
the separation of the three spectral lines of the spin-labeled fatty 
acid would be 32 and 6 gauss, respectively. For lower degrees of 
order, the spectral anisotropy is less. 


Various theoretical models must be used to interpret these data 
(1-4). These spectral characteristics are observed with many lipid 
systems. The consistency of data obtained with both steroid and 
fatty acid spin probes demonstrates that the extrinsic probe is a 
faithful reporter of properties intrinsic to the lipid system. 


The detailed behavior of films depends upon their composition, 
the aqueous medium, and the temperature. The presence of ions in 
the aqueous medium is required for the integrity of films formed 
from charged lipids (2). Steroids have a marked effect; cholesterol 
is essential for a high degree of order in films of brain lipid (5) or 
egg lecithin (3) and decreases the rate and amplitude of motion 
and the probability of the gauche-conformation chains of the fatty 
acid in egg lecithin films (3,4). Other steroids having a 38-hydroxy 
group, a planar skeleton, and a nonpolar group at  the C-17 position 
exert the same effect on brain lipids (5). These same factors were 
found by van Deenen (6) to be required for a reduction in mem- 
brane permeability. 


Compounds in the aqueous phase can also influence the arrange- 
ment of molecules within the lipid phase. Proteins can be shown to 
exert various influences, either increasing or decreasing spectral 
anisotropy (1). The exact interpretation of the results is difficult, 
but it is certain that hydrophobic residues are involved in the dis- 
ordering action. Polylysine increases order; Lys-Phe and Lys-Ala 
copolymers induce disorder, even in the presence of salt. 


Many anesthetic agents interact with membranes. In a prelimi- 
nary study, if butane or chloroform was passed in a stream of air 
over a hydrated lipid film, a large increase in the mobility of the 
spin probe occurred. This effect was dose dependent and revers- 
ible. Similar structural perturbations were observed with spin-la- 
beled nerves and erythrocytes (7,8). 


EXPERIMENTAL 


Alcohols-A dose-response study was made on the effects of a 
series of alcohols on human red cell lipids, lipids from the white 
matter of beef brain, and on egg lecithin using the cholestane spin 
probe (9). As the concentration of each alcohol increased, a point 
was reached where the separation between the lines of the spectra 
taken with the magnetic field of the spectrometer perpendicular to 
the film increased and the difference between the perpendicular 
and the parallel spectra decreased. A t  still higher alcohol concen- 
trations, the film disintegrated. The concentration of alcohol re- 
quired to cause a given change in the degree of anisotropy de- 
creased as the chain length increased. 


rr 


m P 


A plot of the concentration necessary to produce a 50% decrease 
in the height of the low field peak against the number of methy- 
lene groups in the alcohol is a straight line which parallels plots of 
the alcohol concentration necessary to inhibit tadpole reflexes, to 
bring about a decrease in the resistance of black lipid films, and to 
cause a 50% inhibition of red blood cell hemolysis. The displace- 
ment in the plots may be due to the varying amounts of disorder 
required to observe the various effects; more disorder is required 
for a 50% inhibition of red blood cell osmotic hemolysis than is re- 
quired to inhibit tadpole reflexes, and even more is required to 
cause a resistance decrease in black lipid films. This disordering 
effect could cause anesthesia by directly affecting the permeability 
of the lipid layer, as seen with black lipid films, or by changing the 
lipid interaction with the membrane-bound proteins. 


Local Anesthetics-Local anesthetics also increase the perme- 
ability of black lipid films (lo), inhibit osmotic lysis of red cells 
(11, 12), and block nerve conduction (13-16). Unlike the effect of 
alcohols, the concentration of local anesthetic needed to cause a 
given response is pH dependent. This dependence has been ration- 
alized by proposing different effects for the charged and un- 
charged forms of the drugs. 


By using the cholestane spin probe (V), local anesthetics such as 
procaine, tetracaine, and butacaine affected films of brain white 
matter lipid in much the same manner as the alcohols. When the 
local anesthetic was added in a saline buffer to films that had been 
hydrated with the buffer alone, increasing concentrations of local 
anesthetic caused a decrease in the spectral anisotropy (hence 
order) of the films. 


Unlike the effect of alcohols, the disordering effect increased 
with increasing pH at  a fixed local anesthetic concentration. In the 
absence of local anesthetic, the amount of ESR spectral anisotropy 
was essentially constant over the pH range used. The concentra- 
tions necessary for marked disorder are high, in the toxic range ac- 
cording to studies performed on isolated nerves and red cells in 
uitro. It has been suggested that the uncharged form of local anes- 
thetics penetrates membranes. The disordering effects observed 
may be due to disruption of the normal intermolecular forces be- 
tween the phospholipids themselves or between phospholipids and 
cholesterol induced by high intramembrane concentrations of alco- 
hols or local anesthetics. 


As previously mentioned, films of brain lipid exhibit no ESR 
spectral anisotropy in the absence of cholesterol and only very 
slight anisotropy at 5 g %  cholesterol. These films showed a very 
different response to the addition of local anesthetic. Whereas 1 
mM tetracaine had no discernible effect on films containing the 
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Figure 1-Structure of V and the spectra that would be observed under various model conditions. (Reprinted, with permission, 
from Ref. 1.) 


normal amount of cholesterol, 1 mM tetracaine at  pH 4.5 caused a 
massive increase in spectral anisotropy when applied to films con- 
taining 5% cholesterol. 


Other local anesthetics also improved order when applied to 
films of brain lipid with 5% cholesterol a t  concentrations below 
those at which they disordered films of brain lipid with a normal 
cholesterol content. In addition, instead of efficacy increasing as a 
function of pH, each local anesthetic showed an optimal region of 
pH values for improving order. The optimum pH was different for 
each local anesthetic tested. Both uncharged and cationic forms of 
the local anesthetic apparently are required for this effect. 


The effect of temperature on spectral anisotropy was measured 
with films of brain lipid. Figure 2 shows the effect of tetracaine 
and of cholesterol on the variation of spectral anisotropy with tem- 
perature. Both cholesterol and tetracaine caused the response to 
be greatly broadened. 


The decrease in spectral anisotropy with a decrease in tempera- 
ture is probably due to the formation of a gel phase which does not 
orient the spin probes; the decrease in spectral anisotropy with an 
increase in temperature can be ascribed to increased thermal mo- 
tion of the acyl chains of the phospholipid. Cholesterol has been 
shown to increase the fluidity of the acyl chains below the transi- 
tion temperatare of the phospholipid and to decrease fluidity 
above the transition temperature (17). The results show that local 
anesthetics can exert much the same effect on brain lipid. 


These results suggest two conclusions: ( a )  the response to local 
anesthetics of lipid films depends upon their composition, and ( b )  
local anesthetics can exert a stabilizing effect on the organization 
of the lipids within the films. Since local anesthetics a t  anesthetic, 
nontoxic doses do not alter the resting potential of the nerve but 


rather block the transmission of impulses (18,19), local anesthetics 
may act by stabilizing the membrane and preventing the conduc- 
tance changes necessary for the propagation of action potentials. 


Spin-Probe Reduction by Sodium Ascorbate-Phosphatidyl 
Serine and Effect of Local Anesthetics-The lipids used in the 
studies described here were extracted from biological material and 
consisted of a complex mixture of phospholipids, sulfatides, cere- 
brosides, and cholesterol. Other workers have investigated the ef- 
fects of local anesthetics on the permeability, ion binding, and sur- 
face potential of pure systems or known mixtures (20). Tobias et 
al. (21) found that either cephalin (phosphatidyl serine plus phos- 
phatidyl ethanolamine) alone or cephalin plus cholesterol showed 
a massive increase in resistance upon the addition of calcium. In 
this study, filters' were soaked in lipid to form the resistance bar- 
riers. 


On the other hand, Papahadjopoulos (22) found that calcium in- 
creased the permeability of pure phosphatidyl serine vesicles to so- 
dium. Local anesthetics also increased sodium permeability in the 
absence of calcium. At  lower concentrations, these same local anes- 
thetics opposed the effect of calcium; that is, in the presence of cal- 
cium, the addition of tetracaine or procaine decreased the sodium 
permeability of the liposomes. 


The effects of calcium or local anesthetics on phosphatidyl ser- 
ine films could not be studied since the films are unstable a t  pH 
values around neutrality, especially in the presence of calcium. Li- 
posomes with an intercalated spin probe showed no significant 
spectral changes when local anesthetics, calcium, or both were 


Millipore. 
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Figure 2-Effects of tetracaine and cholesterol on the tempera- 
ture response of brain lipid films. Key: *, brain lipid and  5% 
Cholesterol; A, brain lipid, 5% cholesterol, and  1 m M  tetra- 
caine; and 0, normdbrain lipid. 


added. However, the permeability of these liposomes to sodium as- 
corbate was highly dependent upon the presence of calcium and of 
tetracaine. Metcalfe (23) reported that benzyl alcohol increased 
the rate of ascorbate penetration into liposomes. Therefore, the 
rate of reduction of the nitroxide moiety of the spin probe was 
used to monitor the local permeability of the lipid system. 


With liposomes formed by water bath sonication of a mixture of 
phosphatidyl serine and spin probe I, the addition of 1 mM calci- 
um caused a massive increase in the rate of reduction of the spin 
probe by ascorbate. The addition of 1 mM tetracaine caused a 
small increase in permeability, and 5 mM tetracaine caused a larg- 
er increase in permeability. When both 1 mM calcium and 1 mM 
tetracaine were present in the solution, the rate was less than with 
1 mM calcium alone (Fig. 3). 


The addition of lecithin to the system reduced the effect of cal- 
cium on the system to the point that pure lecithin liposomes 
showed no response to 10 mM calcium. As long as a calcium effect 
could be observed, tetracaine acted to oppose this effect. The addi- 
tion of cholesterol up to a 1:l mole ratio to the liposome did not in- 
hibit the effect of calcium. 


Other Charged Systems-Liposomes were also formed of egg 
lecithin and I to which either phosphatidic acid or dicetyl phos- 
phate had been added to confer a negative charge. Both calcium 
and tetracaine at a concentration of 1 mM increased the rate of as- 
corbate reduction of I. Unlike the results with egg lecithin to which 
phosphatidyl serine had been added, the rate of reduction was 
greater when both calcium and tetracaine were added than with ei- 
ther alone (Fig. 4). 


Brain Lipid Films-The results with brain lipids resembled 
those obtained with simple charged lipid systems. The rate of re- 
duction of I incorporated in liposomes formed from the white mat- 
ter lipid of beef brains increased upon the addition of either calci- 
um or tetracaine at  concentrations of 1 mM. Like the results ob- 
tained with egg lecithin plus either phosphatidic acid or dicetyl 
phosphate, the rate was greater with both calcium and tetracaine 
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Figure 3-Time course 
of the reduction of I in 
water bath-sonicated phos- 
phatidyl serine vesicles 
by 10-2 M ascorbate a t  
pH 7.2. Key: 0, 7.5 X 
10-8 M ethylenediamine- 
tetraacetate; A, 1.0 X 


M calcium; and A, 
1.0 x 10-3 M calcium + 1 x 10-3 M tetracaine. 


Figure 4-Time course 
of the reduction of I in 
water bath-sonicated lipo- 
somes consisting of 85% 
egg lecithin a n d  15% 
phosphatidic acid by 10-2 
M ascorbate a t  pH 7.4. 
Key: 0, 7.5 X 10-3 M 
eth  y 1 enediaminetetmnce- 
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than with either alone. When cholesterol was removed from the 
brain lipid mixture, the results, although not first order in the 
presence of calcium, more closely resembled the results obtained 
with systems containing phosphatidyl serine. 


The results were qualitatively the same whether the liposomes 
were formed by simple hand shaking or by sonication with a probe 
or in a water bath. The direction of the effects of calcium and te- 
tracaine was independent of liposome size. 


Other spin probes, whose nitroxide groups lie at different depths 
within the lipid bilayer, were also used. The rate of reduction of 
the stearamide spin probe (III), in which the nitroxide group lies 
near the aqueous interface of the lipid bilayer, was six times as fast 
as the rate of reduction of I, in which the nitroxide group is buried 
within the lipid layer. This experiment was performed with large, 
hand-shaken liposomes. In water bath-sonicated (small) lipo- 
somes, V was reduced eight times as fast as was I. 


Calcium and tetracaine had the same effects with these probes. 
Therefore, the accessibility of the interior of the lipid to the aque- 
ous phase is concluded to be the major rate-limiting step. 


CONCLUSION 


I t  is apparent from these studies that the behavior of model sys- 
tems when exposed to local anesthetics depends upon the lipid 
composition and upon the ions present in the aqueous environ- 
ment. Phosphatidyl serine, a common constituent of nerves, re- 
sponds to anesthetics in a manner very different from that of other 
phospholipids. 
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Drug-Biomolecule Interactions: 
Mechanism of Ligand Interactions with Carbonic 
Anhydrase Studied by Magnetic Resonance Relaxation and 
Rapid Reaction Methods 


PALMER TAYLOR 


Abstract 0 Kinetics of interaction between the metalloenzyme 
carbonic anhydrase and either monovalent anions or aromatic sul- 
fonamides were examined by three distinct fast reaction tech- 
niques: stopped flow, equilibrium perturbation, and magnetic reso- 
nance relaxation. By correlating spectroscopic data on conforma- 
tional and ionization equilibria of the complex and free species 
with the reaction kinetics, a relatively complete description of the 
mechanism can be presented. A proton-dependent equilibrium be- 
tween two coordination forms of the free enzyme can be demon- 
strated spectroscopically. Anions selectively combine with the 
form predominating at  low pH. For a series of carboxylate ligands, 
formate and substituted acetates, anion association is found to be 
three orders of magnitude greater than similar ligand substitution 
processes known in inorganic chemistry. For sulfonamide associa- 
tion, the attacking species are the form of carbonic anhydrase pre- 
dominating a t  high pH and the neutral sulfonamide. Combination 
involving the neutral species is followed by loss of a proton to  form 
the sulfonamido anion in the stabilized complex. This obligate pro- 
ton transfer offers a probable explanation for the unique specifici- 
ty of sulfonamides in inhibiting this enzyme. The anionic sulfona- 
mido moiety can be shown to resemble closely a transition inter- 
mediate in the catalytic step of substrate hydration. 


Keyphrases 0 Ligand-carbonic anhydrase interactions-kinetics 
studied by magnetic resonance relaxation and rapid reaction 
methods Carbonic anhydrase-ligand interactions-kinetics 
studied by magnetic resonance relaxation and rapid reaction 
methods Drug-biomolecule interactions-mechanism of ligand 
interactions with carbonic anhydrase, magnetic resonance relaxa- 
tion and rapid reaction methods 0 Interactions-drugs with 
biomolecules, symposium 


Figure 1-Oscilloscope trace recording the change in carbonic 
anhydrase fluorescence for the reaction between 14 &l p-nitro- 
benzenesulfonamide a n d  the human C isozyme. The oscilloscope 
was triggered with the initiation of flow so that the time depen- 
dence of fluorescence was measured during and after flow. 
Stoppage of flow occurs at s, and each large horizontal incre- 
ment corresponds to 50 msec. The horizontal trace at the bottom 
of the screen was triggered -10 see later and corresponds with 
the fluorescence of the complex at equilibrium. Fluorescence 
was monitored at 345 nm; the excitation wavelength was 290 
nm. 


The molecular basis of specificity in the formation 
of a ligand-macromolecule complex is of interest in 
many fields of the biological sciences, since complex 
formation represents the common initial event that 
leads to a divergence in response. The interaction of a 
macromolecule with a drug shows a capacity for se- 
lective recognition of ligand structure. In addition, 
receptors may exhibit specific capacity to translate 
an interaction with chemical mediators. The latter is 


generally considered to occur through ligand-sensi- 
tive conformational changes. Thus, in the study of 
specificity of drug-macromolecule interactions, both 
differential affinity and changes induced in the struc- 
ture of the complex should be considered. 


Complex formation between a drug and macromol- 
ecule usually involves an inherently rapid pro- 
cess(es). Examination of such interactions at  a level 
where primary processes and transient species are 
detected requires methods applicable to following 
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Systems Approach to Vaginal Delivery of 
Drugs I: Development of I n  Situ Vaginal 
Drug Absorption Procedure 


T. YOTSUYANAGI, A. MOLOKHIA, S. HWANG, N. F. H. HO, 
G. L. FLY”, and W. I. HIGUCHIX 


Abstract 0 In the framework of the development of drug delivery 
systems for locally administered contraceptive drugs, a reliable 
method that can afford quantitative evaluation of drug absorption 
behavior was explored using the rabbit doe. A system was con- 
structed based upon perfusing the drug solution in the vaginal 
tract. For this purpose, a “rib-cage”-type cell was constructed and 
surgically implanted in the rabbit prior to an experiment. The pri- 
mary purpose of the present paper is to evaluate the method, in- 
cluding the surgical operation and the perfusion system. The ab- 
sorption experiments were carried out using n-butanol-l-14C as 
the model solute to survey the reproducibility of the absorption 
behavior. Experiments were conducted with a number of rabbits 
on several successive days to determine the day-to-day and ani- 
mal-to-animal variations. The drug disappearance in the reservoir 
followed first-order kinetics from which the apparent permeability 
coefficient was calculated. The results indicated that a set of ex- 
periments may be carried out on a single animal and that the 
method generally affords rather high precision. 


Keyphrases 0 Vaginal drug delivery system-development of in 
situ vaginal drug absorption procedure, equipment and equations, 
rabbits Drug delivery systems-contraceptive drugs, develop- 
ment of in situ vaginal drug absorption procedure, equipment and 
equations, rabbits 0 Contraceptive drugs-procedure to evaluate 
drug absorption from vagina, equipment and equations, rabbits 
0 Absorption, drug-in situ vaginal procedure, equipment and 
equations, rabbits 


The development of reliable contraceptive systems 
intended for local vaginal administration will require 
in large measure the understanding of the complex 
processes of drug absorption and interactions be- 
tween the drug delivery device (formulation) and the 
vaginal tract. For the drug delivery process, the fol- 
lowing may be considered as critical: (a) the release 
of drug, ( b )  the permeability of the vaginal mem- 
brane, ( c )  drug transport to the site of action, and (d )  
drug reaction with the “bioreceptor.” 


From current studies of drug transport across the 
buccal membrane (1, 2), the intestinal mucosa (3, 4), 
and skin (5), which appears to be morphologically 
similar to the vaginal membrane, it may be inferred 
that either the release or the absorption steps can be, 
and likely are, the determinants of the relative bio- 
logical activities within a given class of compounds. 
For certain drug delivery systems ( e .g . ,  the silicone 
matrixes), the mechanisms for drug release are now 
reasonably well understood (6, 7). In contrast, little, 
except for some grossly qualitative information (8- 
lo), is available on the rates and mechanisms of mass 
transport in the vagina. Without a more rigorous def- 
inition of this step in the total drug release and ab- 
sorption picture, the rational drug delivery in the va- 
ginal tract is not possible. In other words, an under- 
standing of the mechanism of drug transport and in- 


teractions subsequent to the release from the vaginal 
device should make possible the a priori develop- 
ment of maximally effective contraceptive drug de- 
livery systems. 


The purposes of the present report are to describe 
and assess a method for the determination of vaginal 
permeabilities, using the rabbit doe as the prototype 
animal and n-butanol as a test compound. 


EXPERIMENTAL 


Animals-Mature female New Zealand White rabbits (7-9 
months old, 4.5-5.0 kg), which were parous, were used. With this 
weight range, the vaginal tract was about 2 cm in diameter and 8 
cm in length, with relatively uniform dimensions. The rabbits were 
maintained in a temperature-controlled room (25’) with free ac- 
cess to water and normal pelleted food diet, 


Perfusion System-The perfusion system consists of two sec- 
tions (Fig. 1). The first includes the “rib-cage’’ cell, surgically im- 
planted in the vaginal tract, and the fenestra rotunda (Figs. 2 and 
3). The second section is maintained on the laboratory bench and 
involves a rotating and reciprocating pump’ and a constant-tem- 
perature solution reservoir. The entire perfusion path in the sys- 
tem is of glass tubing and stainless steel material, except for the 
portions between the cage and the fenestra rotunda, which was 
polyethylene tubing2. The washing device and drain bottles are 
connected through two three-way stopcocks to  the reservoir. Dur- 
ing the experiments the two sections are securely attached to pro- 
vide a closed system for perfusion. 
Rib-Cage Cell-The rib-cage cell was designed to fit the rabbit’s 


vaginal dimensions in a way that provides a constant volume and 
surface area in the absorption compartment (Fig. 3). The cell was 
constructed with two smoothened Teflon endings connected by 
eight stainless steel rods. The geometrical volume and surface area 
enclosed by this cell and surrounding vaginal wall are 8.1 cm3 and 
22.5 cm2, respectively. The stainless steel inlet and outlet for the 
perfused solution were installed through one Teflon ending, 
from which polyethylene tubings were led to the fenestra rotunda. 
Because of anatomical obstruction, the rib-cage cell could not be 
inserted intravaginally. Thus, the cell had to be implanted surgi- 
cally into the vaginal tract. 


Fenestra Rotunda-The fenestra rotunda, made of a medical 
grade silicone rubber sheet3, was intended to provide a connection 
shut-off route between the two sections of the perfusion system 
(Fig. 3). It also assists in positioning the rib-cage cell in the vaginal 
tract. The solution is perfused through the rib-cage cell through 
the stainless steel inlet and outlet of the fenestra rotunda, which is 
permanently fixed on the abdomen of the animal. 


Procedure fo r  Implantation of Rib-Cage Cell-The proce- 
dure for the implantation of the cell involved a surgical operation 
near the cervical end of the vaginal tract (Fig. 2). For the operation 
the rabbit was anesthetized with pentobarbital, and the abdomen 
was clipped and sterilized with iodine tincture. A central line inci- 
sion of 6-7 cm in length was made in the lower portion of the abdo- 


FMI lab pump, model RRP 2G 150, Fluid Metering Inc., Oyster Bay, 
N Y. .. . . 


INTRAMEDIC PE 205, Clay Adams, Division of Becton, Dirkinson & 


Silastic, Dow Corning Corp., Midland, Mich. 
Co., Parsippany, NJ 07054 
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Figure 1-Diagram of perfusion system. Key: a, rib-cage cell; b, perfusion pump; c, reservoir of solution; d, magnetic stirrer; e, 
three-wav stopcock to returninrr and drain; f. three-wav stopcock to circulating a n d  washing; g, reservoir of washing solution; h, . .. I _  


drain beaker;hnd i, fenestra ro&nda. 


men, exposing the vaginal tract. Then the wall of the upper part of 
the vagina (about 0.5--1 cm from cervixes) was opened to an ap- 
propriate length to insert the rib-cage cell, which was soaked and 
sterilized in advance in a surgical anti-infection solution. The in- 
cised surface of the vaginal wall was then closed by stitching with 
surgical gut suture (0-0). The polyethylene tubes passing through 
the vaginal wall were properly adjusted in length and led to the 
fenestra which, in turn, was positioned and stitched onto the ab- 
dominal surface. A silk string was led from the rib-cage cell along 
the polyethylene tubes and tied to the fenestra rotunda to prevent 
the cell from slipping when the rabbit assumes the normal position 
after the operation. The string also serves to minimize the tension 
on the polyethylene tubings. After the operation, an oxytetracy- 
cline hydrochloride solution was injected (10 mg/kg im) to prevent 


n Penestra R o t u n d a  


systemic infections. The whole perfusion system was then irrigated 
by a normal saline solution to remove blood left from the opera- 
tion. This also served to confirm that the perfusing solution was 
able to circulate freely throughout the system. 


Theoretical  Analysis of Circulation Dynamics fo r  Perfu- 
sion System-The perfusion system basically consists of a rib- 
cage cell, a reservoir of solution, and a pump (Scheme I). Compart- 
ment I in Scheme I is the reservoir of external solution where drug 
samples are taken, and Compartment I1 is the solution of the rib- 
cage cell in the vagina. 


The purposes of the following mathematical description and 
analysis of the perfusion system are to determine: (a) the lag time 
after which the circulation dynamics of the system are a t  steady- 
state, ( b )  the steady-state relationship of the drug solution in the 


dominr.1 Skin 


thra.1 O r i f  i c e  


Oviduct bviduc t 


Figure 2-Position of implanted rib-cage cell i n  vaginal tract. 
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Figure 3-Surgically implanted parts. Left: fenestra rotunda 
with the stainless steel inlet and outlet. Right: rib-cage cell 
with polyethylene tubings and silk string attuchments. 


external sampling compartment to that in the vaginal compart- 
ment a t  any time, and, consequently, (c) the steady-state vaginal 
absorption rate constant. Equations 1 and 2 give the rates of 
change in the concentrations of Compartments I and II, respective- 
ly: 


(Eq. 1) 


where CI and CII are the concentrations of Compartments I and 11, 
respectively; R ,  (cubic centimeters per second) is the circulating 
rate of the solution; V I  and VII are the volumes of Compartments I 
and 11, respectively; and P f  (cubic centimeters per second) is the 
absorption rate coefficient which corresponds eventually to the 
apparent permeability coefficient of the vaginal mucosal mem- 
brane. The total concentration change of drug in the perfusing 
solution can be given by: 


(Eq. 3 )  


where Ct is the total conceqtration in the perfusing solution, and 
Vt is the total volume of the perfusing solution (VI + VII). 


For a two-compartment linear system, the equations of the sys- 
tem are two simultaneous first-order linear differential equations 
in two variables. The solution for these equations is given by: 


where: 


and K1 and Kz are determined by the initial conditions. From the 
initial conditions, CI = CO and CII = 0 a t  t = 0. Therefore: 


(Vim, - R,)C, ,  
m2 - m ,  


K _-- 
1 -  


vaginal membrane 


ri b-cage 


- Rr 
Scheme I 


where CO is the initial concentration. 


their ratios: 
After substituting Eqs. 8 and 9 into Eqs. 4 and 5 and then taking 


t Eq. 10) 


where: 


p I  = R , ( V , m ,  - R , )  (Eq. 10N) 


p ,  = R , ( R ,  - V,rn, )  (Eq 1 0 h )  


9 ,  = ( V l m L  - R , ) ( R ,  - Vim,) (Fc. 10c) 


q L = ( R /  - V l m , ) ( R ,  - V i m , )  (Eq.  10d) 


Accordingly, the relationship between CI and CII can be expressed 
as: 


qle + q,e 


p2e " ' I  + p , e  m l r  


C,, = (,I (Eq. 11) 


Substituting Eq. 11 into Eq. 3: 


P ,  (qre~"" + q , e  " 1 ' )  


V l ( p , e ~ " ? '  + p , ~  " 3 ' )  + V l l ( q L e  "I-' + q , r  '''1') 


- ( - 1  
dCi 
d t  


( Eq. 12) 


After a lag time, the circulation dynamics of the perfusion system 
will be a t  steady state so the ratio CII/CI in Eq. 11 converges to 
q z / p z .  Also, a t  steady state Eq. 12 reduces to: 


( E q .  13) 


(Eq.  14) 


where k is the first-order rate constant. 
Under the condition where the perfusion rate, R,, is much great- 


er than the membrane absorption rate, P f ,  it may be assumed that 
the rate change of Compartment I equals that  of Compartment 11; 
that is: 


Figure 4-Layout of perfusion system during an absorption 
experiment. 


Vol. 64, No. 1 .  .Januap 197.5 178  







Table I-Influence of Perfusion Rate to Concentrat ion 
Difference between Compar tmen t s  I and I1 a n d  t o  the 
First-Order Rate Constant"  


35 0.38 75 1.38 1.31 5.34 X 
0.038 105 1.038 1.03 6.47 X 


25 0.54 105 1.54 1.45 4.94 x 10-3 
0.054 165 1.056 1.04 6.41 X lo-' 


0.090 180 1.090 1.07 6.28 X lo-' 
15 0.90 150 1.90 1.77 4.17 X 


0 For these calculations, these dimensional constants were used: kmax - 
( P f / V t )  = ( A D / V t h )  = 6.62 X 10-2 m - 1 ,  A = surface area (22.5 cm*), 
D = diffusion coefficient in aqueous phase (1 X 10-6 cms/sec), h = thickness 
of aqueous diffusion layer (10-3 cm), VI = volume of Compartment I (26 
cm'). and Vii = volumeof Compartment I 1  (8 cm3). 


or: 


When substituting Eq. 13 into Eq. 1: 


According to the assumption, the second term of the denominator 
of the first-order rate constant would be negligible so that the rate 
of change in drug concentration in the external sampling compart- 
ment would be principally due to absorption by the vaginal mem- 
brane. 


From Eq. 2, the rate change of the concentration of Compart- 
ment II should be negative for all time and therefore 1 ,< 
(Ci/Cii) < 1 + ( P , / R , ) .  The upper limit of the concentration 
ratio between Compartments I and I1 could be estimated from the 
introduction of reasonable values for the exposed area, the diffu- 
sion coefficient in the aqueous phase, and the thickness of the 
aqueous diffusion layer (unstirred aqueous layer) into Pf according 
to  the physical model study of membrane transport (11). 


Table I shows the influence of the perfusion rate to the first- 
order rate constant and to the concentration difference between 
the external sampling compartment and the rib-cage cell compart- 
ment. The ratio between CI and 9 1  becomes constant after a cer- 
tain lag time and its magnitude is dependent upon the perfusion 
rate constant, Rj, relative to the absorption rate constant as de- 
scribed by P/. 


Under the maximum absorption rate situation where the maxi- 
mum rate constant k,,, = 6.62 X sec-*, the ratio CI/CI~ = 
1.31 when R/ = 35 ml/min and CIICII = 1.45 when Rf = 25 ml/min. 
This maximum absorption rate would correspond to the situation 
in which the rate is governed by the unstirred aqueous layer in 
front of the vaginal membrane and not by the vaginal membrane 
itself. A conservative value of 10 Fm thickness for the unstirred 
layer is employed in the calculations. On the other hand, when the 
absorption rate constant is indicative of a more membrane-con- 
trolled case, i.e., k = 6.62 X sec-I, the ratio C I / C ~ ~  is more 


Table 11-Apparent Permeabili ty Coefficients", Pap,, of 
Vaginal Absorption for n-Butanol (Rabbit 1) 


PaPp (cm/sec) X lo4 
Fi r s t  Second 


D a y  Experiment  Experiment 


1.91 
1.95 
2.09 
2.18 
2.18 


1.65 
2.21 
1.98 
2.69 
2.50 


a Arithmetic mean = 2.13 f 0.28 SD. 
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Table 111-Apparent Permeabili ty Coefficientsa, Pap,, of 
Vaginal Absorption for  n-Butanol (Rabbi t  2) 


P,,, (cm/sec) x 104 


F i r s t  Second 
D a y  Experiment  Experiment  


1 2.07 
2.07 2 


3 
4 
5 2.04 


- 
- 


1.67 
2.28 
- 
- 
1.55 


0 Arithmetic mean.= 1.94 f 0.26 S D .  


nearly unity a t  a perfusion rate of 35 ml/min. Thus, the apparent 
first-order absorption rate constant (uncorrected for perfusion rate 
effects) will be 6.47 X sec-'. In 
conclusion, this type of analysis aids in determining the appropri- 
ate perfusion rates for the different situations in the experiment to 
follow. 


Procedure for Absorption Studies-The absorption experi- 
ments were carried out on 5 successive days starting 3 days after 
surgery. On each day, two successive experiments were conducted 
with each rabbit. This procedure allows more experiments to be 
conducted within a short period without exhausting the animal. 


The rabbit was anesthetized with sodium pentobarbital, 25-50 
mg/kg, and connected to the perfusion system through the stain- 
less steel inlet and outlet of the fenestra rotunda (Fig. 4). A heat- 
ing pad was kept under the rabbit to maintain body temperature 
during the experiments. The vagina was then washed by perfusion 
with a normal saline solution for 10 min a t  a flow rate of 35 ml/ 
min. Then the saline was replaced by the buffer solution to be used 
in the experiment and the washing was continued for an additional 
5 min. The buffer was 0.115 M phosphate buffer (pH 6.0) made 
isotonic with sodium chloride. 


With the system filled with buffer solution, the stopcocks were 
switched to  introduce the reservoir and its contents (20 ml of buff- 
er) into the system and the perfusion was started. All perfusion ex- 
periments were carried out under the flow rate of 35 ml/min a t  
3 7 O .  Two minutes later, an aliquot of a saline solution of n-buta- 
n ~ l - l - ' ~ C  was rapidly injected into the reservoir and the first sam- 
ple (zero time) was then taken after 2 min more. The losses in 
the butanol concentration were followed by taking 0.05-ml samples 
from the reservoir every 10 rnin for about 1 hr. After the first ex- 
periment on each day, the system was emptied of the drug solution 
and washed with saline for 15 min and then with the buffer solu- 
tion for an additional 5 min. This washing procedure was sufficient 
t o  remove all drug from the system. A sample taken from the res- 
ervoir before starting the second absorption experiment showed 
that no drug was present. The butanol activity in the samples was 
determined by means of a liquid scintillation counter4 using diox- 
ane solution5. 


sec-I instead of 6.62 X 


0.5 ' I I 


0 10 20 30 40 50 60 70 80 90 
MINUTES 


Figure 6-Typical plot of the concentration change in the 
sampling reservoir as a function of time showing the first-order 
Kinetics. 


Beckman LS 200. 
The solution consisted of: 2,5-diphenyloxazole, 8 g; naphthalene, 100 g; 


and dioxane, q.s., loo0 ml. 







Table IV-Apparent Permeability Coefficients", Pap,, of 
Vaginal Absorption for n-Butanol (Rabbit 3) 


P,,, (cm/sec) x 104 


First Second 
D a y  Experiment Experiment 


2 . 1 1  
1 . 7 1  
2 .17  
2 . 3 8  
2 .37  


2 . 1 6  
2 . 1 0  
1 . 8 0  
2 . 3 0  
2 . 2 5  


(1 Arithmetic mean = 2.13 f 0.21 SD. 


RESULTS AND DISCUSSION 


General Observations-Some general observations were made 
on the state of the animals after surgery and during the experi- 
mental period. The rabbits behaved normally in their actions and 
discharged urine and stool as usual. Losses in body weight of up to 
10% were generally observed for the first 2-5 days after surgery. 
However, after this period, most animals showed an improvement 
in appetite and some began to gain weight. The abdominal incision 
wound showed considerable healing during this period. After com- 
pletion of the perfusion experiments, the animals were sacrificed 
and the site of the surgery was examined. Conglutination was 
found in the area, indicating normal recovery after surgery and the 
regaining of normal blood circulation in the area. The vagina itself 
appeared normal except for what appeared to be a slight thicken- 
ing of the wall. 


In the initial design, the supporting stainless steel ribs of the 
rib-cage cell were covered with medical grade polyethylene tub- 
ing*. However, in these instances, inflammation (congestion and 
bleeding) of the mucosal surface of the vaginal tract was observed. 
In all subsequent perfusion experiments, the polyethylene sleeve 
was not used and no abnormalities were observed. 


One important assumption in the design of the rib-cage cell was 
that the cell would form a leaktight chamber with the vaginal walls. 
This appeared to always hold true, since the volume of the perfu- 
sion solution remained constant with time. The success achieved 
may be attributed to the combination of having the cell dimen- 
sions matched to those of the vagina and of having negative pres- 
sure in the absorption chamber during the perfusion runs. 


Although isotonic solutions were used in the absorption experi- 
ments, the possible net transfer of water with time was also deter- 


Table V-Buffer Systems" Employed in Assessing the Effect 
of pH and Buffer Species on Membrane Permeability 


pH 3.0 
Citrate Phosphate Biphthalate Buffer: 


Citric acid 16.81  g biphthalate 


N a 2 H P 0 4  7 . 1 2  g 
10 N NaOH to adjust  


Citrate Buffer: Phosphate Buffer: 


10 N NaOH to adjust  


Buffer: Potassium 10.21 g 


monohydrate 1 .O N HC1 21.8  ml 


pH 6.0 


Citric acid 19.75 g NaH2P04 1 1 . 4  g 
monohydrate 10 N NaOH t o  adjust  


pH 8.0 
Borate Buffer: Phosphate Buffer: 
Boric acid 12.37 g N a 2 H P 0 4  7 . 1  g 
10 N NaOH t o  adjust 1.0 N HCl 0 . 4  m l  


Tromethamine Buffer: 
Tromethamine 0.608 g 
1.0 N HCl 2 7 . 9  ml 


pH 9.8 
Borate Buffer: 
Boric acid 12.37 g 
10 N NaOH t o  adjust  


a All buffer solutions were made up to 1000 ml and adjusted to iaoosmotic 
conditions (300 mosmoles/kg) with sodium chloride. 


Table VI-Effect of pH and Buffer on the  Apparent 
Permeability Coefficient of n-Butanol in Vaginal Tracta 


Apparent Permeability Coefficient 
PH P,,,. x lo4 cm/sec 


3 . O  Citrate- 
Phosphate Biphthalate 


Buffer Buffer 


2 . 2 4  1 . 6 7  
2 . 3 4  2 . 0 4  


2 . 0 8  1 . 8 2  
Av. 2 . 3 5  Av. 1 . 7 5  


6 . O  Citrate Phosphate 
Buffer Buffer 


2 . 3 0  1 . 7 3  


2 . 7 6  1.48.  


1 . 8 5  1 . 7 3  
1 . 4 8  1 . 5 6  


1 . 6 2  
1 . 8 2  


Av. 1 . 8 7  


1 . 6 5  
Av. 1 . 6 8  


8 . o  Borate Phosphate Tromethamine 
Buffer Buffer Buffer 


0.83 1 . 6 4  2 . 3 5  
0 . 8 9  1 . 7 4  2 .17  


Av. 0 . 8 6  Av. 1 . 6 9  1 . 4 3  
1 . 6 5  
1 . 8 1  


Av. 1 . 8 8  
9 . 8  Borate 


0 . 6 9  
0 .75  
0 . 7 9  
0 . 8 9  


Av. 0 . 7 8  


Each experiment was cariied out for 1 hr. 


mined with W-polyethylene glycol 4000. Using isotonic buff- 
ered solution at pH 6.0, no loss of water was observed in 1 hr. Ac- 
cordingly, the influence of the water flow on drug movement was 
assumed to be negligible. 


In separate experiments involving no vaginal membrane, it was 
also established that there was no detectable absorption of n-buta- 
no1 to the materials of the perfusion setup. 


Absorption Experiments with n-Butanol-Figure 5 repre- 
sents the results of a typical experiment conducted for 90 min. The 
linear relationship obtained on a semilogarithmic scale indicates 
that the drug disappearance follows a first-order pattern. Thus, 
the rate of disappearance could be expressed by: 


- dCb = - K,Ch 
d t  


(Eq. 18) 


(Eq. 19) 


where cb is the concentration of the drug in the bulk, K ,  is the 
first-order rate constant, A is the effective surface area of vaginal 
tract, V is the volume of the perfusion solution, and Pap,, is the ap- 


Table VII-Crossover Experiments Involving Various p H  
and Buffer Systems" (PaPp X lo4 cm/sec) 


First Experiment Second Experiment 


D a y  PH pa,, PH p a p ,  


1 3 . 0  (C) 2 . 2 4  9 . 8  (B) 0 . 7 9  
2 9 . 8  (B) 0 . 8 9  6 . 0  (P) 1 . 8 2  
3 6 . 0  (Pj  1 . 6 5  3 . 0  (cj 2 . 3 4  
4 3 . 0  (C) 2 . 7 6  9 . 8  (B) 0 . 7 5  
5 9 . 8  (B) 0 . 6 9  6 . 0  (P) 1 . 7 3  


a C = citrate buffer, P = phosphate buffer, and B = borate buffer. 
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parent permeability coefficient. The ratio of the surface area to  the 
volume of solution is 0.66. 


Absorption experiments were carried out with three rabbits (Ta- 
bles 11-IV). For Rabbits I and 3, the experiments were carried out 
and continued up to the 5th day with two successive runs each day. 
For Rabbit 2, there were some difficulties with the anesthesia on 
the 3rd and the 4th days so that experiments on these days were 
not performed. The data show overall good reproducibility of the 
method. Both the animal-to-animal and the day-to-day variations 
were statistically insignificant. Consequently, the method should 
be useful in carrying out quantitative experiments on a single rab- 
bit as well as with a set of animals. 


Effects of pH and Buffer Species on Permeabili ty of Vagi- 
nal Membrane-For studies on the vaginal absorption of weak 
electrolytes, knowledge of the possible adverse effects of pH and 
buffer species on the integrity and permeability characteristics of 
the membrane is required. These effects were quantitatively as- 
sessed by absorption experiments utilizing n-butanol as the refer- 
ence. The buffer systems employed are listed in Table V. 


As can be seen in Table VI, the apparent permeability coeffi- 
cient of n-butanol was the same at pH 3.0 with the phthalate buff- 
er and a t  pH 6.0 and 8.0 with the phosphate buffers. In comparison, 
the average Papp values for the citrate buffer systems tended to be 
greater and those for the borate buffers were consistently lower. 
Although there were wider variations in the experimental results 
with the tromethamine buffer as compared to the variations with 
the other buffers at various pH, the average Papp was higher than 
the PaPp for the phthalate and phosphate buffers. The pH of all 
buffer solutions changed no more than 0.1 unit in 1 hr. 


Although it is not explicit in Table VI, the tabulations of the 
permeability coefficients are the overall results of crossover experi- 
ments involving pH and buffer systems. The crossover experi- 
ments gave reproducible and consistent results. As one example, 
an absorption experiment carried out a t  pH 6.0 with the phosphate 
buffer gave a higher Papp than that of an immediate followup ex- 
periment a t  pH 9.8 with the borate buffer on the same rabbit 
(Table VII). The result was the same when the order of the experi- 
ments was reversed. 


These results show that the membrane is affected by both pH 
and buffer as adjudged by its permeability to n-butanol. There ap- 


pears to be little effect on the membrane when phthalate and 
phosphate buffers are used. The citrate and borate buffers and, 
perhaps, the tromethamine buffer do affect membrane perme- 
ability. However, these effects upon the membrane appear to be 
reversible and not related to the integrity of the membrane. 
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Timed Release from Polymeric Films Containing 
Drugs and Kinetics of Drug Release 


M. DONBROWX and M. FRIEDMAN 


Abstract The preparation of cast films of ethylcellulose con- 
taining caffeine and salicylic acid is described. These films exhibit 
timed release of drugs. Release rates were found to agree with both 
the classical first-order equation (log drug retained against time) 
and diffusion-controlled release models, as exemplified by Higu- 
chi’s equations (drug release linearly related to square root of 
time). Mathematical analysis of the data shows that the release be- 
havior actually conforms with the diffusion-controlled model. Lit- 
erature results, reported as first order, for the release of cetylpyri- 
dinium chloride and benzalkonium chloride from polyamide films 
were analyzed similarly and shown to be diffusion controlled. Rec- 
ommendations are made for presentation and routine treatment of 


drug release data to avoid ambiguity and provide useful biophar- 
maceutical information. 


Keyphrases 0 Ethylcellulose films containing caffeine or salicylic 
acid-timed release, first-order and diffusion-controlled models 
discussed Timed release of caffeine or salicylic acid from ethyl- 
cellulose films-first-order and diffusion-controlled models dis- 
cussed 0 Drug release from polymeric films-first-order and diffu- 
sion-controlled mechanisms discussed Polymer films containing 
drugs-kinetics of drug release, first-order and diffusion-con- 
trolled models discussed 


The methods previously used in achieving timed- 
release formulations of drugs may be related to four 
types of processes: (a) coating the drug or prepara- 
tion, (b) embedding the drug in fatty, plastic, or hy- 


drophilic matrixes, (c) binding the drug to an ion- 
exchange resin, or (d)  forming a complex or other 
chemical derivative of the drug (1). The possibility 
exists that incorporation of the drug into a polymer 
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Liquid Chromatography of Clindamycin 2-Phosphate on 
Trie t hy laminoet hy 1 Cellulose 


WALTER MOROZOWICH and ROGER G. WILLIAMS 


Abstract 0 The separation of clindamycin 2-phosphate from clin- 
damycin 3-phosphate, clindamycin 4-phosphate, clindamycin B 
2-phosphate, and lincomycin 2-phosphate was achieved by liquid 
chromatography on triethylaminoethyl cellulose using a 254-nm 
monitor. The compounds have low molar absorptivities a t  254 nm 
(<17), and UV detection is made possible by the high capacity 
support triethylaminoethyl cellulose. Linear peak height response 
versus concentration allows rapid quantitation of clindamycin 2- 
phosphate. 


Keyphrases 0 Clindamycin 2-phosphate-separation from other 
clindamycin compounds, triethylaminoethyl cellulose column, liq- 
uid chromatography 0 Triethylaminoethyl cellulose-used for liq- 
uid chromatographic separation of clindamycin 2-phosphate from 
other clindamycin compounds 0 Liquid chromatography-separa- 
tion, clindamycin 2-phosphate from other clindamycin compounds 


Clindamycin 2-phosphate1 (clindamycin phos- 
phate) (I) is an antibacterial agent synthesized in an 
attempt to decrease the pain on injection associated 
with the compound clindamycin (1). The purpose of 
this work was to explore the separation of clindamy- 
cin 2-phosphate from related isomeric phosphate es- 
ters using background absorbance monitoring (254 
nm), made possible by the high capacity support 
triethylaminoethyl cellulose. 


EXPERIMENTAL 


A liquid chromatograph2 with a 254-nm detector was used. 
Column Packing-Triethylaminoethyl cellulose3 was freed of 


fines by slurrying 1-4% suspensions in water and allowing the ma- 
terial to settle for 1-1.5 hr. The supernate was discarded and the 
slurrying-settling process was repeated six times. The purified 
support was isolated by filtration, washed with acetone, and air 
dried for 24 hr. 


A funnel was attached to  a 2.1-mm i.d. X 1-m stainless steel col- 
umn, and 5-10 mg of triethylaminoethyl cellulose was added from 
an inverted container supported on a 50-mesh screen by brief me- 
chanical vibration of the screen. The side of the column was vi- 
brated for a few seconds, and the material within was compacted 
with a loosely fitting stainless steel rod (1.8-mm diameter) with an 
applied hand force of 0.2-0.7 kg (0.5-1.5 lb). The tamping rod was 
turned 120°, and three such compressions were made after each 
addition of support. Excessive compaction force results in columns 
with poor flow rates, and practice is required to produce columns 


Cleocin Phosphate, The Upjohn Co. 
Du Pont model 820. 


'3 Cellex-T, BioRad Laboratories, Richmond, Calif. 


with adequate flow (0.4-1.5 ml/min) using 2000 psi a t  room tem- 
perature. 


The fully packed column was converted to the borate form by 
pumping about 50 ml of aqueous 0.5 M sodium borate (pH 8.80) 
through the column prior to  use. 


Mobile Phase-A solution of 0.25 M aqueous boric acid was 
prepared with addition of 10 N sodium hydroxide to give a pH of 
8.80 f 0.01. The solution was degassed externally for 10 min with a 
water aspirator while stirring vigorously. 


Samples-Solutions of the phosphate esters were prepared a t  a 
concentration of 2-15% in water with addition of 5 N sodium hy- 
droxide to give a pH of 8.80 f 0.10. Injections of 7 1 1  were normally 
made using a 10-11 syringe4 under continuous flow conditions. 


Peak Identification-The identity of the collected peaks was 
confirmed by TLC, using silica gel plates previously sprayed with a 
5% solution of boric acid, pH 8.0 (sodium hydroxide), and air dried 
overnight. The developing system was chloroform-methanol- 
water-ammonium hydroxide (40506:5), and detection was 
achieved with a 15% ammonium sulfate spray followed by heat. 
The Rf values were: clindamycin 2-phosphate, 0.2; clindamycin 3- 
phosphate, 0.4; and clindamycin 4-phosphate, 0.3. 


Phosphatase Hydrolysis (2)-A solution of 0.05-1 mg of the 


0 5 10 15 20 25 30 35 
MINUTES 


Figure 1-Separation of about 0.4 mg of clindamycin 2- 
phosphate from a crude sample of the corresponding 3- a n d  4- 
phosphate esters, using a 2.1-mm x 1-m column of triethyl- 
aminoethyl cellulose a n d  0.25 M boric acid (pH 8.80) a t  60' 
(flow 0.23 ml/min, 410 psi). 


4 Hamilton 701N, Chaney type I1 adaptor. 
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reactive cis-3,4-diol: 


C-NH-C-H J 


0-P' 
/ \o- 
0- 


11: clindamycin 2-phosphate-borate complex 


nonreactive 2,4-diol: 


I: clindamycin 2-phosphate 


nonreactive trans-2,3-diol: 


CH, 
I 


t 


6- ' OH 


111: clindamycin 4-phosphate 


/ C-NH-C-H 


0- 
IV: clindamvcin 3-uhosohate ~. 


Scheme I-Complexation of isomeric clindamycin phosphate esters with borate 


clindamycin phosphate ester in 3 ml of 0.25 M boric acid (pH 8.8) 
was treated with 1 ml of 0.1 M magnesium chloride. Alkaline phos- 
phatase5, 50 mg, 1.45 units/g, was added and the mixture was vig- 
orously shaken in a 15-ml centrifuge tube until solution was at- 
tained. After 18 hr a t  37 f 2'. the solution was shaken vigorously 
with 8 ml of chloroform. The mixture was centrifuged at  20,000 
rpm for 30 min and the aqueous layer was removed by aspiration. 


The clear chloroform layer was dried with sodium sulfate, and a 
3-ml aliquot was taken to dryness under a stream of nitrogen. Tri- 
fluoroacetic anhydride (0.1 ml) was added and the vial was sealed 
with a Teflon-faced screw cap. The solution then was heated a t  45O 
for 1 hr. After cooling to room temperature, about 10 mg of anhy- 
drous sodium carbonate was added. The container was resealed 
immediately, and 1-J samples were taken by syringe penetration 
through the Teflon-lined septum. GLC was conducted on a gas 
chromatograph6 (flame-ionization detector), using a 0.6-cm X 0.6- 
m (0.25-in. X 2-ft) glass column containing 1% SE-30 on Gas 
Chrom Q (100-120 mesh) a t  170O. 


Crude Clindamycin %Phosphate a n d  Clindamycin 4-Phos- 
phate-A solution of 98.5 g of clindamycin 2-palmitate hydrochlo- 
ride (3) in a mixture of 145 ml of pyridine and 290 ml of acetone 
was added dropwise to a solution of 14.3 ml of phosphorus oxy- 
chloride in a mixture of 70 ml of pyridine and 70 ml of acetone. 
After 0.5 hr, 600 g of ice was added and the solvent was removed in 


The residue was dissolved in a mixture of methanol, ether, 
water, and ammonium hydroxide (280 ml of each). After 20 hr a t  
room temperature, the solution was extracted with ether and the 
aqueous phase was taken to dryness under vacuum. The residue 
was chromatographed on 190 g of silica gel7 (0.05-0.2 mm), using 
chloroform-methanol-water-ammonium hydroxide (88:l:l). The 
pooled product fraction was evaporated to  dryness and the residue 
was dissolved in methanol (100 ml). The solution was desalted by 
careful acidification with sulfuric acid. 


After filtration, removal of the solvent gave 3.5 g of a crude mix- 
ture containing clindamycin 3-phosphate and clindamycin 4-phos- 


uacuo. 


Worthington Biochemicals. 
Hewlett-Packard model 402-B. 
Merck. 


- 7 -  
-1 


0.004 Abs. Units 


0 5 10 15 20 25 30 35 40 
MINUTES 


Figure 2-Liquid chromatogram of 1.05 mg of pure clinda- 
mycin 2-phosphate (7 pl of a 15% solution, p H  8.85). Condi- 
tions were the same as in Fig. I. 


phate (RI 0.4 and 0.3, respectively, on borate-silica gel plates). The 
RI values were identical with those of the authentic 3-phosphate 
reported previously (2) and the authentic 4-phosphate prepared by 
a modified route. GLC-mass spectrals analysis, after conversion of 
authentic clindamycin 4-phosphate to the tris(trimethylsily1) de- 
rivative (1% OV-1 on Gas Chrom Q, retention time of 2.8 min a t  
210°), gave the following key fragmentation: mle 792 (M+), 777 


LKB 9000. 
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Clindamycin B r 
0 5 10 15 20 


Figure 3-Gas chromatogmm of peak Z from Fig. 2 after 
phosphatase hydrolysis and conversion to the trifluoroacetate 
derivative (conditions: 1 % SE-30, 170'). 


MINUTES 


(M+ - CH3), 756 (M+ - HCl), 741 (M+ - HCl - CHd, and 713 


Phosphate analysis, according to the method of Bartlett and 
Lewis (4), showed a phosphate content of 5.25% for authentic clin- 
damycin 4-phosphate, which is in agreement with the theoretical 
value of 5.76%. 


(M+ - HCl - C3H7). 


RESULTS 


Borate was chosen as the mobile phase for liquid chromato- 
graphic studies since reversible interaction should occur with clin- 
damycin 2-phosphate (I) but not with clindamycin 3-phosphate 
(IV) or clindamycin 4-phosphate (111) (Scheme I). Borate interac- 
tion is specific for vicinal cis-diols (5) and is provided only with 
the 2-phosphate ester. 


Liquid chromatography was conducted using a 254-nm detector; 
the conditions for chromatography were: 0.25 M boric acid, pH 
8.80, 410 psi, 0.23 ml/min at  60°. The isomeric phosphate esters 
were eluted in the order clindamycin 4-phosphate < clindamycin 
3-phosphate < clindamycin 2-phosphate (Fig. l ) ,  as verified by 
TLC analysis of the collected peaks. 


As expected, clindamycin 2-phosphate was eluted last, presum- 
ably due to the retarding influence of the increased anionic charac- 
ter of the borate complex 11. The separation of the 2- and 3-phos- 
phate esters in the borate system was superior to that provided by 
several other electrolytes. Lincomycin 2-phosphate (6) is well sepa- 
rated from clindamycin 2-phosphate (retention times of 21.7 and 
28.2 min, respectively). 


The chromatograms of pure clindamycin 2-phosphate show the 
presence of a minor peak preceding the major peak (Fig. 2). Peak 
collection followed by phosphatase hydrolysis (2) and GLC analy- 
sis in comparison with authentic standards showed that the major 
liquid chromatographic peak I1 (Fig. 2) was clindamycin 2-phos- 
phate and the minor liquid chromatographic peak I was clindamy- 
cin B 2-phosphate. Phosphatase hydrolysis liberated clindamycin 
from the former and clindamycin B from the latter, as established 


T 


Clindamycin 


\ 


0 5 10 15 20 
MINUTES 


Figure I-GLC of peak 11 from Fig. 2 after phosphatase 
hydrolysis a n d  conversion to the trifluoroacetate derivative. 
Conditions were the same as in Fig. 3. 


by GLC (Figs. 3 and 4) in comparison to retention times with au- 
thentic samples (7). Clindamycin B is the 4'-ethyl analog of clinda- 
mycin, which is produced in the synthesis of clindamycin (8) from 
the biosynthetically prepared lincomycin containing lincomycin B 
(9). 


The theoretical plate number (10) for the clindamycin 2-phos- 
phate peak (Fig. 2) showed that approximately 750 theoretical 
plates were attained on the 1-m triethylaminoethyl cellulose col- 
umn. The column is remarkably stable, and one column was used 
for 3 months a t  60° with little change in retention times or theo- 
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Figure 5-Liquid chromatographic peak height response 
versus amount of clindamycin 2-phosphate injected. 
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retical plate number. A t  room temperature, but not a t  60”, a pro- 
gressive decrease in flow rate is often experienced. 


Plots of peak height versus amount of clindamycin 2-phosphate 
injected showed slight deviation from linearity a t  high sample 
charges (0.8-1.0 mg) (Fig. 5). Below 0.6 mg, excellent linearity is 
observed and peak heights can be used for quantitation. 


DISCUSSION 


The separation of clindamycin 2-phosphate from isomeric and 
related phosphate esters is sufficient to allow quantitation by the 
peak height approach. 


Detection of clindamycin 2-phosphate by UV monitoring of 
background absorbance is remarkable and worthy of comment. 
The molar absorptivity of clindamycin 2-phosphate a t  254 nm is 
only 16.8 in water a t  pH 8.90. Detection of clindamycin phosphate 
was made possible only by use of the high capacity support 
triethylaminoethyl cellulose. The exchange capacity of a 2.1-mm X 
1-m column is 810-1160 bEq, as calculated from the column weight 
and the exchange capacity of the support. This value is approxi- 
mately 20 times larger than the conventional liquid chromato- 
graphic ion-exchange supports which normally contain 4 8 4 0  pEq 
in the same size column (11). The use of high capacity supports 
should allow the detection of many compounds with low back- 
ground absorbance at  254 nm. 
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Simultaneous High-speed Liquid Chromatographic 
Determination of Tetracycline and Rolitetracycline in 
Rolitetracycline Formulations 


A. G. BUTTERFIELDX, D. W. HUGHES, W. L. WILSON, and 
N. J. POUND 


Abstract A rapid, precise high-speed liquid chromatographic 
procedure for the simultaneous determination of tetracycline and 
rolitetracycline in rolitetracycline formulations is described. Sam- 
ples are dissolved in water, chilled to OD, and chromatographed on 
a pellicular cation-exchange resin. The specificity of this method 
represents a significant improvement over present analytical pro- 
cedures, which fail to differentiate between rolitetracycline and its 
hydrolysis product, tetracycline, in these formulations. 


Keyphrases Rolitetracycline and rolitetracycline nitrate formu- 
lations-simultaneous high-speed liquid chromatographic analysis 
of tetracycline and rolitetracycline 0 Tetracycline and rolitetra- 
cycline in rolitetracycline and rolitetracycline nitrate formula- 
tions-simultaneous high-speed liquid chromatographic analy- 
sis High-speed liquid chromatography-analysis, simultaneous, 
rolitetracycline and tetracycline in rolitetracycline and rolitetra- 
cycline nitrate formulations 


Rolitetracycline (I) (2-N-pyrrolidinomethyltetra- 
cycline) is an antibiotic formed by N-aminometh- 
ylation of the carboxamide function of tetracycline 
(11). Compound I is formulated either as the base or 
nitrate salt for intravenous or intramuscular use. 
These formulations are intended to be made at the 
time of use with water suitable for injection. 


The official method of assay of I in Canada (1) is 


microbiological. This method, however, gives no in- 
formation on the extent of hydrolysis of I, since the 
test organism is also sensitive to 11, nor any estimate 
of epimerization or degradation products expected to 
be formed under the assay conditions used. One 
would expect I, a Mannich base, to be susceptible to 
hydrolysis in aqueous solution, and Brunzell(2) dem- 
onstrated that aqueous solutions of I are indeed rap- 
idly hydrolyzed with the formation of I1 and 4-epite- 
tracycline (111). 


By using high-speed liquid chromatography 
(HSLC), the stability of I was studied and it was con- 
firmed that aqueous solutions are rapidly hydrolyzed 
to I1 (3). In addition, formulations of I were also 
found to contain 11. Although the hydrolysis of I to I1 
does not involve a loss of microbiological activity, the 
presence of I1 in formulations could be an indication 
of poor manufacturing practice. 


This report describes a rapid HSLC procedure for 
the simultaneous assay of I and I1 in rolitetracycline 
formulations. Being precise and highly specific, the 
method represents a significant improvement over 
present analytical procedures for the quality control 
of rolitetracycline formulations. 
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ported as cannabidiol, is more abundant in nature than previously 
thought; any previous classification of C.  satiua L. based on canna- 
bidiol, cannabinol, and (-)-Ag-trans- tetrahydrocannabinol must 
be questioned. Since it is known that synthetic cannabidiol antag- 
onizes certain effects of (-)-A9-trans-tetrahydrocannabinol, much 
work is now needed on variants of Cannabis containing various ra- 
tios of cannabidiol and cannabichromene in relation to (-)-Ag- 
trans- tetrahydrocannabinol. 
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Electron-Capture GLC Determination of a 
New Antiarrhythmic Agent, 
a,a-Dimethyl-4- (a,a,P,P- tetrafluorophenethyl) benzylamine, in 
Biological Fluids 


ANTHONY G. ZACCHEI and LINDA WEIDNER 


Abstract A highly specific and sensitive GLC method was de- 
veloped for the analysis of n,cu-dimethyl-4-(cu,a,~,~-tetrafluoro- 
phenethyl)benzylamine, a new orally active antiarrhythmic drug, 
in biological fluids. The procedure involves the addition of an in- 
ternal standard, 4-(a,cu,~,P-tetrafluorophenethyl)benzylamine, to 
the plasma or urine samples followed by extraction of the drugs 
into benzene at  pH 8. The extracted amines are converted to the 
trifluoroacetyl derivatives (characterized by GLC-mass spectrom- 
etry), chromatographed, and detected with a 63Ni electron-capture 
detector. The sensitivity of the method is such that 10 ng of c u p -  
dimethyl-4-(cu,a,~,~-tetrafluorophenethyl)benzylamine/ml of plas- 


ma can be analyzed. These levels are suitable for the analysis of 
samples obtained following a therapeutic dose. 


Keyphrases 0 CY,N - Dimethyl - 4 - (n,cu,P,P - tetrafluorophenethy1)- 
benzylamine-electron-capture GLC determination in biological 
fluids 0 Antiarrhythmic agents-electron-capture GLC determi- 
nation of n,cu-dimethyl-4-(cu,rY,P,P-tetrafluorophenethyl)benzyl- 
amine in biological fluids 0 GLC, electron capture-analysis, 
cu,cu-dimethyl-4-(cu,cu,8,8-tetrafluorophenethyl)benzylamine in bio- 
logical fluids 


N,CY - Dimethyl - 4 - (cu,a,P,P - tetrafluorophenethy1)- 
benzylamine (I) is a new orally effective agent for 
the treatment of ventricular arrhythmias resulting 
from myocardial infarction (1). The compound is one 
of the more potent agents in preventing or modifying 
the ventricular arrhythmia produced in anesthetized 
dogs by the intracoronary injection of a sclerosing 
agent (2 ,3) .  The drug was designed as a prophylactic 
agent and has advantages over other drugs currently 


employed. Studies on the physiological disposition of 
the compound (4) have not included a specific meth- 
od of assay. 


Preliminary quantitative experiments in this labo- 
ratory using colorimetric, fluorometric, and GLC 
(flame-ionization detection) methods lacked the sen- 
sitivity required to detect clinical levels of the drug. 
The use of electron-capture techniques for the assay 
of low levels of drugs, has been reported (5-15). How- 
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ever, many drugs, such as I, are not responsive to the 
electron-capture detector without prior derivatiza- 
tion to a compound that has electron-capturing prop- 
erties. This report describes an extremely sensitive 
and specific GLC method for the determination of I 
using an internal standard (11), derivatization with 
trifluoroacetic anhydride, and an electron-capture 
detector. 


EXPERIMENTAL 


Reagents and Chemicals-The chemicals and reagents used 
were: cu,a-dimethyl-4-(cu,~,~,~-tetrafluorophenethyl)benzy~amine 
(I), the internal standard 4-(cu,cu,fl,fl-tetrafluorophenethyl)benzyl- 
amine (11), pesticide grade benzene, trifluoroacetic anhydride', 5% 
ammonium hydroxide, and benzene containing 2.5% trifluoroacetic 
anhydride (freshly prepared). 


Instrumentation-GLC-A gas chromatograph2 equipped with 
a 63Ni electron-capture detector and a 183 X 6-mm glass column 
containing 2% PPE-20 (polyphenyl ether) on 80-100-mesh Chro- 
mosorh W3 (AW-DMCS) was employed for the analysis. The inlet 
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Figure l 4 a s  chromatograms of: (a) control dog plasma car- 
ried through extraction procedure, and (b) I and 11 as the tri- 
Pmroacetyl derivatives (500 pg of each compound). Five micro- 
liters was injected out of a total volume of 100 pl of benzene. 
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Figure 2 4 a s  chromatograms of: (a) Z and 11 added to control 
dog urine and carried through the extraction procedure, and (b) 
material obtained from a 0-24-hr dog urine sample following 
the administration of I .  Compound 11 was added prior to ex- 
traction. Five microliters was injected in each case out of 100- 
500 p l  of solvent. 


and detector temperatures were 230" and the column tempera- 
ture was 200O. Nitrogen was used as the carrier gas a t  a flow rate of 
50 ml/min. 


GLC-Mass Spectrometry-All mass spectra were obtained on a 
mass spectrometer4 using the GLC inlet. A 183 X 5-mm glass col- 
umn packed with 1% OV-17 on 80-100-mesh Supelcoport3 and a 
183 X 5-mm glass column packed with 2% PPE-20 were used. The 
gas chromatograph was operated isothermally a t  190° with a heli- 
um flow rate of 30 ml/min. The mass spectrometer ionizing and ac- 
celerating potentials were 70 ev and 3.5 kv, respectively. The 
source, separator, and injection port temperatures were 270, 260, 
and 255O, respectively. 


Measurement of I in  Biological Samples-Compound I was 
determined in biological samples as follows. One milliliter of plas- 
ma or urine was added to a 50-ml glass-stoppered centrifuge tube 
containing 50 ng (calculated as the free base) of the internal stan- 
dard as the hydrochloride in 1 ml of water, 1 ml of 0.2 M pH 8 
phosphate buffer, and 25 ml of reagent grade benzene. The tube 
was shaken for 10 min and centrifuged, and a t  least 20 ml of the 
organic phase was transferred to a similar tube containing 5 ml of 
0.1 N HC1. After shaking for 5 min, the tube was centrifuged and 
the organic phase was removed by aspiration. The pH of the aque- 
ous phase was adjusted to greater than 8 by the addition of 0.5 ml 
of 1.25 N NaOH and 1 ml of 0.2 M pH 8 phosphate buffer. 


The amines were extracted into 10 ml of pesticide-grade ben- 
zene. The benzene phase was transferred to a 25-ml glass-stop- 
pered tube containing 1 ml of benzene (2.5% trifluoroacetic anhy- 
dride). The tube was then placed in a 65' warm water bath for 15 
min. The tube was cooled and the contents were shaken with 1 ml 
of water (vortex, 1 min) and 1 ml of 5% NH40H. Following centrif- 
ugation, the benzene phase was transferred to a 13-ml tube for 
careful evaporation under nitrogen to about 100-500 pl (evapora- 
tion of the samples to dryness resulted in greater than 50% loss of 
detection response). Appropriate aliquots, usually 2-5 wl, were in- 
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Table I--Recovery of I f rom Dog Plasma a n d  Water 


Amoun t  Mean f SD 
Amount  Recovered of Plasma 


Added, ng from Water" Amoun t  Recovered from Plasma. Recovery 


100 A 87.0 93.8 99.4 -b 105.6 99.4 109.2 101.5 =k 6.0 
- B 87 94 99 106 99 109 


80 A 72.9 78.3 76.1 81.6 91.2 81.6 79.6 81.4 =k 5.2 
B 91 98 95 102 114 102 99 


60 A 60.1 59.4 66.5 70.6 77.5 68.6 ~~- 68.5 f 6.6 


50 A 50.3 47.3 56.2 59.0 43.9 51.4 47.2 50.8 f 5 .8  
B 100 99 111 118 129 114 - 


B 101 95 112 118 88 103 94 
30 A 30.6 32.9 35.7 35.0 37.7 35.0 __ 35.3 =k 1 . 7  


B 102 110 119 117 125 117 - 


25 A 28.1 25 28.8 21.9 24.7 25.4 25.4 25.2 f 0.9 
B 112 100 115 88 99 102 102 


15 A 16.6 16.6 13.7 18.5 15.1 15.8 11.9 15.3 f 2.3 
B 111 111 91 123 101 105 79 


10 A 11.6 10.6 9 .6  11.7 9 .6  10.3 7.8 9 .9  f 1 .3  


5 A 10 .1  3.7 3.4 5 . 5  5 . 5  4.8 3 .5  4.4 f 1.0 
B 116 106 96 117 96 103 78 


B 202 74 69 110 110 96 70 


fl Values in the A rows represent nanograms recovered; values in the B rows represent percent recovery. b No sample analyzed. 


jected into the column. The retention times of I and I1 as the tri- 
fluoroacetyl derivatives were 4.0 and 6.6 min, respectively. 


Standard water, urine, and plasma curves were constructed by 
plotting the peak height ratios (I/II) uersus the weight ratios (I/II). 
The peak height ratio obtained from an unknown was then used to 
determine the amount of I present. The standard samples were run 
concurrently with the unknown samples as previously described. 
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Figure 3-Relationship between peak height and amount in- 
jected on a 2% PPE-20 column operated at 20O0. Nitrogen 
flow rate was 50 mllmin. Five microliters was injected in 
duplicate in each instance. 
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Absorption Studies-Four beagle dogs (7.0-10.3 kg) were ad- 
ministered a therapeutic dose of I (5 mg/kg) orally in a water solu- 
tion. Blood samples were collected in heparinized tubes, the plas- 
ma was separated, and aliquots were removed for assay. Urine 
specimens were immediately frozen upon collection and remained 
frozen until assayed. 


RESULTS AND DISCUSSION 


A number of reagents (trifluoroacetic anhydride, heptafluoro- 
butyric anhydride, N-trifluoroacetylimidazole, and pentafluo- 
ropropionic anhydride) were examined as potential derivatizing 
agents to act as electron-capturing groups to facilitate compound 
detection. Exploratory studies with I and three related analogs, 4- 
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Figure 4-Relationship between peak height ratio of the de- 
rivatives (I/II) and weight ratio (I/IZ). Five microliters was 
injected in each case out of 100-500 p1 following appropriate 
recovery (uater or plasma). 
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Table 11-Recovery of I from Human Urine 
~~ 


Amount Added, ng Amount Recovereda Mean f SD 


400 A 410 378 375 365 363 401 395 383 f 18 
B 102 95 94 91 91 100 99 


200 A 212 228 208 202 201 - 196 207 f 11 
- B 106 114 104 101 101 98 


100 A 91 88 83 104 100 99 109 96 f 9 


50 A 43 47 54 57 54 39 60 50 f 7 
B 91 88 83 104 100 99 109 


B 86 94 108 114 108 78 120 
25 A 


B 
17 
86 


24 
96 


19 
76 


22 
88 


19 
76 


10 
40 


19 
76 


19 f 4 


12.5 A 10 13 9 10 11 14 11 11 i 2 


6.2 A 6 4 3 5 6 2 4 4 f l  
B 80 104 72 80 88 112 88 


B 96 64 48 80 96 32 64 


a Values in the A rows represent nanogram recovered; values in the B rows represent percent recovery. Each value represents a separate recovery analysis. 


(a,a,p,p-tetrafluorophenethyl)benzylamine, a,a-dimethyl-N- 
methyl-4-(a,a,~,~-tetrafluorophenethyl)benzylamine, and a- 
methyl-4-(a,a,~,~-tetrafluorophenethyl)benzylamine, led to the 
selection of trifluoroacetic anhydride and heptafluorobutyric an- 
hydride as the best derivatizing reagents and 4-(a,a,fl,@-tetrafluo- 
rophenethy1)benzylamine (11) as the best internal standard. Trial 
runs with each of the selected derivatives on a series of 183 X 
6-mm columns packed with 1% SE-30, 1% OV-17, 1% QF-1, or 2% 
PPE-20 showed that the 2% PPE-20 column gave the highest reso- 
lution and separation of the I derivative from the internal stan- 
dard (11) derivative and interfering peaks. The formation of each 
trifluoroacetyl derivative was confirmed by GLC-mass spectrome- 
try. 


Figure 1 presents gas chromatograms of the following samples: 
(a) control dog plasma carried through the procedure, and (b) I 
and I1 as the trifluoroacetyl derivatives (-500 pg of each com- 
pound injected directly into column). Figure 2 presents gas chro- 
matograms of (a) I and I1 added to control dog urine and carried 


through the extraction procedure, and (b) material obtained from 
a 0-24-hr dog urine sample. Compound I1 was added prior to ex- 
traction. As stated previously, the trifluoroacetyl derivatives of I 
and I1 had retention times of 4.0 and 6.6 min, respectively. As indi- 
cated in Fig. la, a t  a column temperature of 200O, the control plas- 
ma sample did give a very small peak which eluted (6.2 min) just 
prior to the internal standard peak (6.6 min). This peak did not 
present any problem in the analysis and could be separated from 
the peak of I1 by a slight decrease (4-5O) in column temperature. 
Several plasma and urine samples were adjusted to pH 6 prior to 
the initial extraction to remove or minimize endogenous peaks 
present. A linear relationship is observed when peak height is plot- 
ted uersus amount injected (Fig. 3). Figure 4 presents a standard 
ratio curve obtained after various amounts of I (5-100 ng) and in- 
ternal standard (50 ng) were carried through the entire procedure. 


A summary of the recovery results of I obtained with dog plasma 
is presented in Table I. A similar set of recovery data from human 
urine is presented in Table 11. Recoveries of I added to dog plasma 
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Figure 5-Mass spectra of the trifluoroacetyl derivative of I (top) and the pooled material obtained from human plasma (bottom). 
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Table 111-Plasma Levels of I following Administration of I 
to  Dogs at a Dose of 5 mg/kg  


Table I V S u m m a r y  of GLC-Mass Spectrometry Data on I 
a n d  the Trifluoroacetyl Derivative 


Nanograms 
of I per Milliliter of Plasma 


Hours D o g 1  D o g 2  D o g  3 D o g  4 


0.25 
0 . 5  
0.75 
1 .0  
1 . 5  
2 
3 
4 
6 


24 
30 
48 


40 10 26 23 
8 1  21 6 1  37 


103 30 87 65 
108 33 88 93 


99 38 96 85 
98 58 95 86 
81  60 96 78 
78 58 82 66 
59 55 83 57 
28 18 23 23 


17 12 12 15 
-a 12 12 -0 


a Less than 10 ng of I/ml. 


in amounts of 5-100 ng ranged from 70 to 125% for analyses per- 
formed over several months. The mean recovery was 102.5 f 13.5% 
over the entire concentration range. Recoveries of I added to 
human urine in amounts of 12.5-400 ng ranged from 72 to 114% for 
analyses performed over several months. The mean recovery was 
93.7 f 14.7% over the entire concentration range. Similar results 
were obtained when 100 ng of I1 was employed in the typical recov- 
ery studies. As evident, the GLC procedure for I in biological fluids 
is extremely sensitive and exhibits a high degree of accuracy and 
precision. 


Typical I levels in dog plasma are seen in Table 111. The plasma 
half-life of I in dogs has been shown to be 12-18 hr from these data 
and other data generated in these laboratories. 


Confirmation of specificity of analysis was obtained when a 
pooled representative sample of several biological specimens was 
analyzed by combined GLC-mass spectrometry using the de- 
scribed technique. Figure 5 presents a comparison of the mass 
spectrum of the standard trifluoroacetyl derivative of I carried 
through the procedure with the material isolated from biological 
origin. The mass spectra were essentially identical in all respects 
for masses above 100. Below mass 100, small noncharacteristic 
peaks were seen a t  most masses in the spectrum of the isolated 
material. 


A summary of the fragmentation pattern is presented in Table 
IV. The molecular ion (mle 407) of the trifluoroacetyl derivative of 
I represents -2% of the intensity of the base peak (mle 280), which 
results from cleavage of the CF2-CF2 bond. 


Studies have shown that caution must be exercised when the 
samples are evaporated. Samples should not be allowed to  go to 
dryness since great losses (>50%) are encountered when this oc- 
curs. It is essential that  an internal standard be carried through 
the entire procedure. There was no observable degradation of the 
trifluoroacetyl derivatives of either I or I1 when kept in solution 
(50-200 nglml) over a 2-week period. 


CONCLUSION 


A sensitive and accurate GLC method is presented for the detec- 
tion of low levels of the new antiarrhythmic agent using derivatiza- 
tion and electron-capture techniques. The use of an internal stan- 
dard eliminates any errors in quantitation as a result of sample 
manipulation (16). Although the electron-capture technique has 
proved to be extremely sensitive (can detect 10 pg of the trifluo- 
roacetyl derivative of I when injected directly into the column), the 
amount of substance required for analysis is many times greater 
than the minimal detectable quantity since only a small portion of 
the total sample is usually injected into the chromatograph for 


Characterist ic m / e  Values 


I-Deriv- 
Fragmentat ion I ative 


407 M +  -~ 


M +  - 1 (-H) 310 
M +  - 15 (-CH3) 296a 392 
M +  - 19 (-F) 292 388 
M +  - 34 (-CH3; -F) 


338 


M +  - 127 - 15 (-CGHjCF,; 169 265 


M +  - 184 [-CF,C6HsC(CHs),- 127 


- 


277 - 
.~ M +  - 69 (-CF3) 


M +  - 127 (-CsHjCF,) 184 280a 


- 
- CH,) 


NH2 I 
295 ~- M +  - 112 ( -NHCOCF, )  


Base peak; retention time for I was 3.3 min and retention time for 
the derivative was 4.0 min under the GC-mass speclrometry operating con- 
ditions (refer to Experimental section). 


analysis. The sensitivity of this method is such that 5-10 ng of ma- 
terial can be detected in 1 ml of plasma. GLC-mass spectrometric 
results from various pooled samples confirmed the specificity and 
identity of I. 
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14 and 4.9 min, respectively, at 37’. Catalysis in these 
solutions is probably the result of a combination of 
general base, nucleophilic, carbon dioxide, and even 
some enzyme catalysis. Therefore, it is expected that 
many amino acid esters of phenolic drugs would be 
rapidly tranformed to the drug under in vivo condi- 
tions. 


4. Many amino acids are normal dietary constitu- 
ents or are substances with little toxicity. Thus, the 
compound formed along with the drug when the pro- 
drug is hydrolyzed is unlikely to  cause toxic reac- 
tions. 


Detailed results of a kinetic study of the reactions 
of 11, 111, and IV in aqueous solutions together with 
some mechanistic considerations will be published 
subsequently. 
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Phenol Formation from 
Alkylparabens by Bacteria 


Keyphrases Phenol-formation from alkylparabens by bacte- 
ria Parabens, alkyl-role in formation of phenol by bacte- 
ria 0 Preservatives-phenol formation from alkylparabens by bac- 
teria 


T o  the Editor: 


Alkylparabens are widely used as preservatives for 
various pharmaceutical preparations such as injec- 
tions, solutions, emulsions, and suspensions. They 
are also used in cosmetic preparations containing 
various fats and oils susceptible to microbial attack. 
Alkylparabens are also involved in gelatin prepara- 
tion from animal sources to prevent proliferation of 
contaminated bacteria. 


When a paste of gelatin containing alkylparabens 
was incubated a t  room temperature, we found that 


0 12  30 
ETHYLPARABEN ADDED. lrmOleS 


Figure 1-Effects of various levels of ethylparaben on phenol 
formation, using resting cells as the enzyme source. Reaction 
mixtures contained ethylparaben and 7.6 X 10’O cells in a final 
volume of 12 mi. The mixed cell suspension containing strains 3, 
4 ,  and 5 was added. Reaction mixtures were incubated at 37O 
without shaking for about 110 hr. Viable cell counts in the reac- 
tion mixtures after incubation at the lowest and highest levels 
were estimated as 2.9 X lo9 and 1.7 X lo9, respectively. Each ex- 
periment was carried out with two flasks. 


phenol formation was followed by the liquefaction of 
gelatin. 


With the advancement of the Good Manufacturing 
Practices, microbial contamination, even in nonster- 
ile drugs in either final products or raw materials, has 
become of concern for the quality control of pharma- 
ceutical manufacturing processes. This communica- 
tion is concerned with the finding that alkylparabens 
are decomposed to phenol by the cooperative action 
of two different bacteria. 


Three microorganisms were isolated from the 
pharmaceutical manufacturing processes using gela- 
tin; they were identified as Klebsiella aerogenes 
(strain 3) ,  Pseudomonas aeruginosa (strain 4), and 
Pseudomonas aeruginosa (strain 5). They are able to 
grow in a gelatin paste containing alkylparabens. 


Each microorganism was grown on soybean casein 
digest agar slant medium (1) for 18 hr a t  37O without 
shaking. The grown cells were harvested aseptically 
by centrifugation, washed once with sterile water, 
and suspended in sterile water. The cell suspensions 
thus prepared were kept in a refrigerator until use 
and were used for the following experiments. 


Counting of viable cells was carried out by means 
of the plate method, using soybean casein digest agar 
as the test medium as described in USP XVIII (1). 
Various alkylparabensl and p- hydroxybenzoic acid2 
were obtained commercially. Other reagents used 
were of the best quality commercially available. 
TLC3 was carried out according to  the methods de- 
scribed by Sadamatsu et al. (2). Phenol was deter- 
mined by literature methods (3 ,4) .  


Wako Pure Chemicals Co. 
Tokyo Kasei Co. 
DC Fertigplatten Kiesel gel G 60 F 254 from Merck was used. 
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Figure 2-TLC identification of esterolytic activity formed by strains 3 and 5. Reactions were carried out in the same manner as de- 
scribed in Table I .  Developing solvents used were: A ,  chloroform-propionic acid (1:4); and B, benzene-dioxane-acetic acid (90:25:4). 
Spots were detected with a UV lamp. 


When the mixed cell suspensions of strains 3, 4, 
and 5 were added to the sterilized ethylparaben solu- 
tion and incubated at 37' for about 110 hr, phenol 
was formed, depending on the amount of ethylpara- 
ben added (Fig. 1). Table I shows that neither strain 
3,4, nor 5 was capable of forming phenol from ethyl- 
paraben, but strain 3 was able to form phenol from 
p-hydroxybenzoic acid. It was also able to produce 
phenol from ethylparaben in combination with 
strains 4 and/or 5. Phenol was also formed from 
methyl-, propyl-, and butylparabens under the same 
conditions. 


TLC patterns of the reaction mixture (Fig. 2) 
showed that p- hydroxybenzoic acid was formed from 
ethylparaben with strains 4 and/or 5, whereas ethyl- 
paraben remained unchanged with strain 3. 


These findings can be explained if it is assumed 


system. It is also suggested that the rather rapid hy- 
drolysis of alkylparabens by esterolytic activity of ei- 
ther strain 4 or 5 favors the survival of strain 3, which 
plays the leading role in the phenol formation from 
alkylparabens via p- hydroxybenzoic acid. 


Previous studies (5) showed that K. aerogenes can 
form phenol from p- hydroxybenzoic acid, suggesting 
the presence of a decarboxylase system in the micro- 
organisms. On the other hand, tyrosine phenol lyase 


COOR COOH 


I activity 
OH strain 3 OH 
I activity I OH strains 4 and 5 


(Scheme I) tha t  both strains-4 and 5 have esterolflic 
activity and that strain 3 contains a decarboxylating 
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Scheme I-Speculated mechanisms of phenol formation from al- 
kylparabens (R  = methyl, ethyl, propyl, and butyl; * = speculated) 







Table I-Effects of Various Parabens and p-Hydroxybenzoic Acid on Phenol Formation in the 
Presence of Single or Combined Cell Suspension as Enzyme Sourcee 


Substrate, 12 pmoles (1.2 mM) 


Microorganisms No p-H ydroxy- Methyl- Ethyl- Propyl- Butyl- 
Added (Strain) Substrate benzoic Acid paraben paraben paraben paraben 


- - - 3 0 1 1 . 4  0 


0 4 0 0 
0 5 0 0 


12.2 
- - - 
- - - 


- - - 9 . 4  
10.0 9 . 0  


3 and 4 0 7 . 4  


- - 9 . 4  
9 . 7  9 . 3  


0 


- 3 and 5 0 9 .9  


4 and 5 0 0 
3, 4, and 5 0 8 . 3  8 . 5  9 .1  8 . 8  8 . 9  


9 . 8  9 . 7  9 .9  9 . 6  9 . 3  


- - - 


Each figure in the table shows the amount of phenol formed (micromoles). Reaction conditions were those given in Fig. 1, except that each viable cell count 
of strains 3,4, and 5 added was 5.9 X 10:0,1.3 X 1010, and 2.1 X 1010, respectively, in a final volume of 10 ml. 


has also been studied intensively by many investiga- 
tors (6-lo), who found that it catalyzes direct split- 
ting of alanine from tyrosine to form phenol. In our 
studies with tyrosine as the substrate in place of al- 
kylparabens, however, phenol was not produced. 


Various alkylparabens are used or prescribed to 
prevent proliferation of contaminated microorga- 
nisms in pharmaceutical preparations. However, P. 
aeruginosa (NCTC 7244) -was found to utilize alkyl- 
parabens as a carbon source and to grow well in an 
eye drop solution containing them (11). Furthermore, 
as described in the present communication, microor- 
ganisms such as strain 3 (K. aerogenes) metabolize 
p -  hydroxybenzoic acid into phenol under restricted 
nutritional conditions. 


Pseudomonas or Klebsiella species and other orga- 
nisms have been isolated from various nonsterile 
pharmaceutical or cosmetic preparations and the 
production environment (12). It  also has been shown 
that serious spoilage of drugs is brought about by 
these microorganisms. Although the mechanism of 
deterioration has not been elucidated from the stand- 
point of bacteriological metabolism, this communica- 
tion presents a typical example concerning drug dete- 
rioration by microorganisms. 
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Antiviral Activity of Gossypol and 
Apogossypol 


Keyphrases 0 Gossypol-screened for antiviral activity Apo- 
gossypol-screened for antiviral activity Antiviral activity-gos- 
sypol and apogossypol 


To the Editor: 


The pigment gland of the cotton seed contains an 
array of organic compounds including gossypol (I), 
which has been demonstrated to have antibacterial 
(11, antiviral (2-4), and antitumor (5) activities as 
well as mammalian toxicity (6, 7). Apogossypol (II), 
which has lower mammalian toxicity, is formed by 
deformylation of gossypol with base (8). The fol- 
lowing report of preliminary findings establishes that 
apogossypol retains the potent antiviral activity of 
gossypol. 


Gossypol can inactivate influenza virus infectivity 
in oitro, and influenza virus inactivated by treatment 
with gossypol was given to mice with a resultant 96- 
100% protection rate (2-4). Since little is known 
about either the mechanism of action or the activity 
spectrum of gossypol, an investigation of the in uitro 
inactivation of viruses by this compound and the less 
toxic apogossypol was initiated. 
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Drug-Biomolecule Interactions: 
Mechanism of Ligand Interactions with Carbonic 
Anhydrase Studied by Magnetic Resonance Relaxation and 
Rapid Reaction Methods 


PALMER TAYLOR 


Abstract 0 Kinetics of interaction between the metalloenzyme 
carbonic anhydrase and either monovalent anions or aromatic sul- 
fonamides were examined by three distinct fast reaction tech- 
niques: stopped flow, equilibrium perturbation, and magnetic reso- 
nance relaxation. By correlating spectroscopic data on conforma- 
tional and ionization equilibria of the complex and free species 
with the reaction kinetics, a relatively complete description of the 
mechanism can be presented. A proton-dependent equilibrium be- 
tween two coordination forms of the free enzyme can be demon- 
strated spectroscopically. Anions selectively combine with the 
form predominating at  low pH. For a series of carboxylate ligands, 
formate and substituted acetates, anion association is found to be 
three orders of magnitude greater than similar ligand substitution 
processes known in inorganic chemistry. For sulfonamide associa- 
tion, the attacking species are the form of carbonic anhydrase pre- 
dominating a t  high pH and the neutral sulfonamide. Combination 
involving the neutral species is followed by loss of a proton to  form 
the sulfonamido anion in the stabilized complex. This obligate pro- 
ton transfer offers a probable explanation for the unique specifici- 
ty of sulfonamides in inhibiting this enzyme. The anionic sulfona- 
mido moiety can be shown to resemble closely a transition inter- 
mediate in the catalytic step of substrate hydration. 


Keyphrases 0 Ligand-carbonic anhydrase interactions-kinetics 
studied by magnetic resonance relaxation and rapid reaction 
methods Carbonic anhydrase-ligand interactions-kinetics 
studied by magnetic resonance relaxation and rapid reaction 
methods Drug-biomolecule interactions-mechanism of ligand 
interactions with carbonic anhydrase, magnetic resonance relaxa- 
tion and rapid reaction methods 0 Interactions-drugs with 
biomolecules, symposium 


Figure 1-Oscilloscope trace recording the change in carbonic 
anhydrase fluorescence for the reaction between 14 &l p-nitro- 
benzenesulfonamide a n d  the human C isozyme. The oscilloscope 
was triggered with the initiation of flow so that the time depen- 
dence of fluorescence was measured during and after flow. 
Stoppage of flow occurs at s, and each large horizontal incre- 
ment corresponds to 50 msec. The horizontal trace at the bottom 
of the screen was triggered -10 see later and corresponds with 
the fluorescence of the complex at equilibrium. Fluorescence 
was monitored at 345 nm; the excitation wavelength was 290 
nm. 


The molecular basis of specificity in the formation 
of a ligand-macromolecule complex is of interest in 
many fields of the biological sciences, since complex 
formation represents the common initial event that 
leads to a divergence in response. The interaction of a 
macromolecule with a drug shows a capacity for se- 
lective recognition of ligand structure. In addition, 
receptors may exhibit specific capacity to translate 
an interaction with chemical mediators. The latter is 


generally considered to occur through ligand-sensi- 
tive conformational changes. Thus, in the study of 
specificity of drug-macromolecule interactions, both 
differential affinity and changes induced in the struc- 
ture of the complex should be considered. 


Complex formation between a drug and macromol- 
ecule usually involves an inherently rapid pro- 
cess(es). Examination of such interactions at  a level 
where primary processes and transient species are 
detected requires methods applicable to following 
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Figure 2-The p H  dependence of the bimolecular association rate constants, k,, between human carbonic anhydrase C and various 
sulfonamides: (a) p-nitrobenzenesulfonamide and the Zn enzyme, (b) 4- (salicyl-5-azoo) benzenesulfonamide and the Zn enzyme, (c) 
5-dimethylaminonaphthalene-l-sulfonamide and the Zn enzyme, and (d) p-nitrobenzenesulfonamide and the Co (11) enzyme. The 
solid lines were calculated using Eq. 1 ,  assuming ~ K E  to be 6.60 and p K s  to be 9.30 for p-nitrobenzenesulfonamjde and salicylazo- 
benzenesulfonamide and 10.00 for 5-dimethylaminonaphthalene-l-sulfonamide. The intersections of the dotted lines having slopes of 
1.0 and 0.0 also yield the respective p K  values. The kinetic constants were determined by stopped-flow measurements of fluorescence 
quenching associated with complex formation. (Reprinted, with permission, from Ref. 8.) 


reaction dynamics in the milli- and microsecond 
range. Kinetic methods useful in gaining an under- 
standing of the molecular details of ligand-macro- 
molecule interactions are discussed in this article. 


Rapid mixing (stopped flow) and equilibrium per- 
turbation techniques, when coupled to a suitable de- 
tection system, can monitor directly the course of the 
drug-macromolecule interaction. These two methods 
differ greatly in their applicable time range, the con- 
ditions under which kinetic constants are obtained, 
and the information that can be derived from the ex- 
periment. In addition, magnetic resonance relaxation 
times can be employed to estimate kinetic parame- 
ters. This situation arises when ligand exchange from 
two magnetically distinct environments, the binding 
site on the macromolecule and the bulk solvent, be- 
comes the dominant relaxation process. 


The level a t  which kinetic data can be interpreted 
is limited by the available structural information on 
the reacting species. Carbonic anhydrase is a metal- 
loenzyme with a molecular weight of 29,500 and 
properties that are amenable to the use of spectro- 
scopic probes. The crystal structure of this enzyme is 
now well characterized (l), and the active site exists 
a t  the base of a rather narrow cleft containing a sin- 
gle Zn atom. The Zn appears to be tetrahedrally coor- 


dinated with one H20 and three residues from the 
protein core serving as ligands. 


Catalysis takes place in the immediate vicinity of 
the Zn, and the enzyme inhibitors, monovalent an- 
ions and aromatic sulfonamides, appear to bind with- 
in the coordination sphere of the metal (1-4). The Zn 
may be replaced by Co (11) with the retention of very 
similar catalytic and inhibitor binding properties (2, 
4). Substitution of this d7-transition metal having 
unpaired electrons provides a valuable intrinsic 
probe of the enzyme coordination structure, since op- 
tical and magnetic resonance spectroscopy may be 
used to correlate conformational and ionization 
states with the reactive species. 


In the selection of a system, it is also advantageous 
to keep ligand structure relatively simple. With the 
aromatic sulfonamide, only a single ionization equi- 
librium, the sulfonamido proton, must be considered. 
Conformation is also well defined with the two oxy- 
gens and the amino and aryl groups tetrahedrally dis- 
posed around the sulfur (6). 


RESULTS AND DISCUSSION 
Stopped-Flow Studies-The overall kinetics of association and 


dissociation may be followed with stopped-flow instrumentation 
by monitoring the quenching of the protein-tryptophan fluores- 
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Figure 3-The p H  dependence of the Co (11) absorption spectrum of human carbonic anhydrase C ;  0.32 m M  enzyme in 20 m M  
K&04 was adjusted in p H  by 0.05 N NaOH or 0.05 N H?SOI, and the spectra were recorded in 2.0-cm cells. Key:  0, p H  6.19; 0, 
p H  6.50; X, p H  6.86; and 0, pH 7.35. E is the molar absorptivity. The inset is a plot of the absorptivity for the peak at 640 nm as a 
function of p H .  (Reprinted, with permission, from Ref. 8.) 


cence (7). If there is overlap between the tryptophan emission 
spectrum and the absorption spectrum of the sulfonamide, these 
species can serve as efficient donor-acceptor pairs of excited-state 
energy in the complex. 


Figure 1 shows the time-dependent change in protein fluores- 
cence associated with complexation of p-nitrobenzenesulfonamide 
and human carbonic anhydrase C. During the period where the 
trace is approximately horizontal, the transit time between the 
mixing chamber and observation tube is less than the reaction 
time, and fluorescence of the mixed, but unreacted, reactants is 
observed. At s, the flow is abruptly stopped and a first-order ap- 
proach to the equilibrium fluorescence of the complex is observed. 


Dissociation of the complex may also be followed by the 
stopped-flow procedure, which has been employed to obtain asso- 
ciation and dissociation rate constants for a large series of sulfon- 
amides (7). Correlation of individual kinetic parameters with 
structure provides an additional dimension to the usual structure- 
activity considerations. For example, substituent variation on the 
aromatic ring primarily affects the association rate process, and it 
is only with substitution ortho to the sulfonamido group that the 
dissociation rate becomes affected (7). 


The pH dependence of the association rate between the sulfona- 
mide and the enzyme shows two ionization equilibria which influ- 
ence the association process (Fig. 2). The apparent pK a t  high pH 
corresponds with the titratable pKa of the sulfonamido proton on 
the various sulfonamides, while the apparent pK at  6.5 is indepen- 
dent of the combining ligand, suggesting that an ionization on the 
enzyme is responsible (8). 


The Co (11) spectra of the human carbonic anhydrase C show 
clear isosbestic points, demonstrating a proton-dependent equilib- 
rium between two discrete coordination forms of the enzyme (Fig. 
3). The pK for this equilibrium is 6.6, which is in good accord with 
the pH dependence of the association rate. To confirm that the 
proton-dependent coordination change controls the low pH arm of 
the association rate, a pK of 7.3 can be assigned for both the spec- 
tral transition and the association rate in a different isozyme, car- 
bonic anhydrase B. 


Chemical modification of the B isozyme with bromoacetate 
forms a less active derivative in which a single histidine has been 
stoichiometrically carboxymethylated (9). The pH for the transi- 
tion between coordination forms in the carboxymethylated enzyme 
shifts to 9.1, and there is a corresponding change in the ionization 
equilibrium affecting the sulfonamide association rate (8). Thus, 
Scheme I illustrates the sulfonamide association. 


H+ 
+ {RSOfH2 


+' RSO-NH- - 
. .  


Scheme I 


Reaction pathways represented by k2 and k3 may be ruled out 
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on the basis that they do not fit the observed pH dependence of 
the kinetics. Thus: 


where K E  and K s  represent protonic dissociation constants on the 
enzyme and sulfonamide. 


The pathways denoted by kl and k4 exhibit identical pH depen- 
dencies, and a decision on the critical reaction pathway must be 
arrived at in a different way. Since kobs is 2 X lo7 M-l sec-1, when 
KsIKE = kq must necessarily be greater than 1Olo M-' sec-l. 
A rate constant of that magnitude exceeds the diffusion limitation 
for a system of this nature. In other words, the low concentration 
product of the reactants for pathway k4 requires that kq be impro- 
bably large to satisfy the observed rate. Thus, combination be- 
tween the sulfonamido anion and the form of the enzyme repre- 
sented by HCA can be ruled out and kl is left as the dominant 
reaction path for sulfonamide association. 


Spectroscopic studies clearly show that the sulfonamido anion 
RSOzNH- is the stabilized species in the complex (10). Thus, com- 
plex formation involves initial combination between neutral 
species with subsequent transfer of a proton from the sulfonamide 
(Fig. 4). Although it is not known whether sulfonamide coordina- 
tion occurs through the nitrogen or oxygen, striking similarities be- 
tween sulfonamide coordination and COz hydration are apparent. 
Both ligands combine with the coordination form of carbonic 
anhydrase predominating at  high pH and subsequently involve a 
proton dissociation step. 


The distances between the two oxygens in the linear COn mole- 
cule and the tetrahedral sulfonamido group are similar, - 2.36- 
2.46 8, (6). As shown in Fig. 4, the sulfonamido anion in the com- 
plex rather closely resembles a transition state intermediate in 
Cog hydration. A requirement for combination by the neutral sul- 
fonamide species followed by loss of the proton while in the bound 
state provides the likely explanation why aromatic sulfonic acids, 
although geometrically similar to the sulfonamides, exhibit a very 
low affinity for the enzyme. 


The rate of dissociation of the complex is pH independent (7). 
Correspondingly, while the Co (II).spectrum of the enzyme-sulfon- 
amide complex differs from the free enzyme, it is unaffected by so- 
lution pH changes (7). Thus, the binding of an inhibitory ligand 
fixes the coordination state where no ionization equilibria affect 
either the coordination structure of the metal or the ligand disso- 
ciation rate. 


Since the dissociation rate is pH independent, the dissociation 
of the sulfonamido proton does not take place in a rate-limiting 
step. Alternatively, an internal proton transfer between the ligand 
and a site on the enzyme would be consistent with the proposed 
mechanism. 


Monovalent anions also bind to carbonic anhydrase but form 


/n 
\ H  
0 


\ / H  
mf"- *H 


d" 
\H 


Figure 4-Prvpsed scheme for sulfonamide and CO8 inter- 
actions with the active site of carbonic anhydrase. 


Table I-Factors Controlling Relaxation of a Ligand 
in Association with a Paramagnetic Environmenta 


: P < < 1  1 1 F2 = P 


Case 


1 
T M 


, then - 1 = PTAW,U~ TO 
b )  If - > AW.u2 > ~ Tz ,u T M 


1 1 P  > 2, Aw.u2, then - = - 
TZMTM TZN Tz Tznr 


1 c) If ~ 


Relaxation Temperature Frequency 
Case Mode Dependence Dependence 


a )  l / T  + No change 


C )  1/TZIu + - b)  + (awo2) - Aw2 


a From Swift and Connick (17). f' is the ratio of ligand in the paramagnetic 
environment relative to the hulk solvent, 7.w is the residence time of the 
ligand in the paramagnetic environment, ?;M is the dipolar and scalar con- 
tribution to the relaxation time, and 3w.w is the chemical shift difference in 
radians. 


less affine complexes than the sulfonamides (11). The affinity of 
the anion-enzyme complex is pH independent and maximal a t  low 
pH, while a t  higher pH values the stability of the complex is in- 
versely proportional to the hydrogen-ion concentration (Fig. 5). As 
in the case of the sulfonamides, ionization equilibria with p K ~ ' s  of 
6.6,7.3, and 9.1 determine the pH profile of anion binding to the C, 
B, and carboxymethylated B isozymes, respectively (19). Scheme 
I1 describes the specificity of ligand binding to carbonic anhydrase. 


The coordination form predominating at  low' pH (HCA) selec- 
tively binds anions, while the high pH form (CA) is selective for 
sulfonamides. The pH dependence of association is dependent on 
the ionization equilibrium, KE, and ionization equilibria on the lig- 
and, Carboxymethylation of histidinezoo shifts ionization equilibri- 
um KE, thereby influencing the pJj dependence of binding of both 
types of ligands. 


NMR Relaxation Studies-The rapid rates of association and 
dissociation for the anion complex preclude measurement of the 
individual kinetic constants, k ,  and k-=, by flow methods. In an 
associating system, where the binding site and the solution provide 
magnetically distinct environments, NMR relaxation of ligand nu- 
clei can be controlled by chemical exchange of the ligand between 
the free and bound states. This mode of relaxation only becomes 
dominant when the exchange rate is slow relative to other relaxa- 


p 2.0 


s 
1.0 


6.0 7.0 8.0 9.0 
PH 


Figure 6-The pH dependence of the equilibrium affinity of 
SCN- for human carbonic anhydrase C.  The solid line is cal- 
culated by assuming that PKB = 6.6 and that the anions com- 
bine only with the coordination form of carbonic anhydrase 
predominating at low pH.  


504 Journal of Pharmaceutical Sciences 







TEMPERATURE 
40" 30° 200 100 00 


10s . 


102 1 I I I I 1 I 


3.1 3.2 3.3 3.4 3.5 3.6 
(l/J) X 108, OK- '  


Figure 6-Influence of temperature on the transverse rehxa- 
twn rate (l/Tz) for formate and acetate complexes of CO (11) 
human carbonic anhydrase C, p H  7.6; 1/T2P is plotted as a 
function of temperature where P is the ratio of bound to free 
ligand. Since the enzyme is at least 97% saturated at the ligand 
concentrations employed, P is equal to the ratio of added en- 
zyme to ligand. Key: 400 mM formate in the presence of 0.1 
mM enzyme at 100 MHz,  e, and at 60 MHz,  @; and 240 
mM acetate in the presence of 1.5 mM enzyme at 100 MHz, 
0. At each temperature, measurements were made in the pre- 
sence and absence of p-carboxybenzenesulfonamide, and the 
plotted values represent the difference in the relaxation rates be- 
tween the two conditions. The sulfonamide serves to dissociate (111 
of the bound ligand. 


tion processes (Table I). With paramagnetic Co (11) enzymes, the 
contribution of electron-nuclei relaxation enhances the contribu- 
tion of dipolar and scalar terms, 1/T2~,  and the chemical shift dif- 
ference, thereby increasing the likelihood of exchange-controlled 
relaxation (Case a) .  


The temperature dependence of relaxation of the single formate 
proton is consistent with exchange control in the low temperature 
range (Fig. 6) (Case a, Table I). Confirmation that the lifetime of 
the ligand in the paramagnetic environment, 7 ~ ,  controls and gov- 
erns relaxation was obtained by measurements of chemical shift, 
AWM, and the frequency dependence of relaxation (13). For ace- 
tate, where the protons are an additional bond distance removed 


HCA + anion HCA.anion 
k ,  * 


k-,, 


RS0,NH- 
Scheme I I  


from the metal, neither the magnitude of the relaxation rate nor 
its temperature depcndence is indicative of exchange control. 


Accordingly, a second nucleus must be examined to obtain addi- 
tional direct kinetic information. Relaxation rate measurements 
with substituted fluoroacetates showed that 19F relaxation at  low 
temperatures also is governed by the exchange rate (13). On the 
other hand, protons on the same ligands, as would be anticipated 
from the acetate data, exhibit a different relaxation mode (Fig. 7). 
The kinetic constants, k, and k-,, may be estimated from the life- 
time of the complex and equilibrium affinities for formate and the 
three fluoroacetates (Table 11). Ligand association is a rapid pro- 
cess and approaches the diffusion limitation of a bimolecular reac- 
tion. 


The crystal structure determination and NMR dispersion exper- 
iments provided good evidence that when inhibitory ligands bind 
to carbonic anhydrase a coordinated HzO molecule is displaced (1, 
14). When H20 is the leaving group, ligand-metal association pro- 
cesses occur as shown in Scheme I11 (15). 


The first step, which leads to an outersphere complex, is in rapid 
equilibrium with the slower ensuing step, which involves entry of 
the ligand into the metal coordination sphere. The second step, 
kol ,  is rate limited by H20 dissociation from the metal (15, 16); 
thus, ligand-metal substitution rates are sensitive to the nature of 
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Figure 7-Influence of temperature on the transverse relaxa- 
tion rate (I/Ts) of ' H  and 19F for mono- and difluoroacetate 
complexes of Co ( I I )  carbonic anhydrase C, p H  7.6; P is the 
ratio of enzyme-to-inhibitor concentration: e, 'OF in CH2- 
FCOO- at 94.2 MHz; W, 19F in CHF2COO- at 94.2 MHz; 0, 
IH in CHZFCOO- at 100 MHz; 0, 'H in CHF2COO- at 100 
MHz; @, IgF in CH2FCOO- at 56.4 MHz; and El, lgF in 
CHF2COO- at 56.4 MHz. The relaxation rates represent the 
difference in measurements made in the absence and presence of 
p-carboxybenzenesulfonamide. 
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Table 11-Estimated Association and  Dissociation Rate  
Constants for Various Carboxylate Anion Complexes of 
Co (11) Carbonic  Anhydrase C at 25" 


50 msec/cm ki, M-1 
Ligand Ki, Ma sec- lb  k - , ,  sec-1" 


Formate 1.54 x 10-4 3.9 x 108 6.0 x 104 
Monofluoroacetate 9.1 x 10-4 2.2 X 108 2.0 X 105 
Difluoroacetate 5.3 x 10-4 1.9 X lo8 1.0 X lo5 
Trifluoroacetate 7.7 x 10-4 2 .O X 108 1.5 X 105 


Intrinsic a5nity: calculated from the anparent affinity at pH 7.6 and 
KI = KicSDp, [H+/(H+ + Ks) 1, where K g  ia the protonic dissociation con- 
stant described in Scheme I. b Calculated from k.1 and KI. C Determined 
from NMR measured lifetimes, r ~ ,  and extrapolation to 25': k-1 = l / r ~ .  


1 rnsec/crn 


10 Fsec/cm 


Figure 0-Temperature-jump relaxation spectra for the asso- 
ciation between 3-nitro-4-hydrorybenzenesulfonamide and 
human carbonic anhydmse B. A 30-kv pulse is dischurged 
across a 0.7-cm path cell containing 4 X 10-4 M enzyme and 
sulfonamide in 0.2 M K2S01 and 0.1 M bis(2-hydroxyethy1)- 
iminotris (hydmxymethy1)methane buffer, pH 6.0. Absorption 
at 425nm is monitored on a split-beam spechphotometer. Key: 
top panel, M)-msec/cm sweeptime, 71 = 115 msec; middle panel, 
l-msec/cm sweeptime, 7 2  = 1.1 msec; and bottom panel, 10- 
rsec/cm sweeptime, 7 8  = 13 ~ e e .  The initial temperature is 
18.5O. 


the metal rather than the ligand. For tetrahedral aquo-Co (11), kol 
is estimated to be lo5 sec-I, which yields a bimolecular rate con- 
stant of the order of lo5 M-' sec-' (13,171. By contrast, the ligand 
association rates with the Co (11) enzyme exceed lOSM-1 sec-'. 


Enhanced rates of ligand substitution and turnover are obvious- 
ly advantageous to the catalytic potential of an enzyme. The un- 
usual spectra arising from d-d* transitions, which have been ob- 
served for many metalloenzymes, indicate unique coordination ge- 
ometry in the catalytically active form of the enzyme. However, it 
requires this kind of experiment where the dynamics of ligand ex- 
change can be measured to establish that the metal in metalloen- 
zymes plays a more crucial role than simply the orientation of the 
substrate. 


Anion interactions with carbonic anhydrase can be characterized 
by far more rapid dissociation rates when compared with the aro- 
matic sulfonamides. Although both monovalent anions and sulfon- 
amides appear to coordinate with the metal, sulfonamide binding 
seems to involve two loci of interaction, the metal coordination 
sphere and a hydrophobic surface in the active site cleft to which 
the aromatic ring binds. The slower dissociation rate coupled with 
a second potential interaction site, confering stability to the com- 
plex, makes it seem probable that sulfonamide complex formation 
proceeds through a multistep mechanism (Scheme LV). 


In a similar manner to chelation with bidentate ligands, forma- 
tion of the initial complex makes the second step effectively uni- 
molecular, imparting a statistical advantage toward complex for - 
mation. Thus, an apparent amplification of binding energy can he 
achieved through proper apposition of binding groups. 


RSO,NHI + CA T RSO,NH,...CA f RSO,NH- -HCA+ 


Scheme IV 


k ,  k 


k -  I k. 


Equilibrium Perturbation Studies (Temperature Jump)- 
Low concentrations of reactants are necessary in the stopped-flow 
measurements; otherwise the time limit of resolution (-3 msec) is 
exceeded. Thus, in the stopped-flow experiment the bimolecular 
step, k l ,  is rate limiting, and one cannot follow the reaction under 
conditions where a detectable concentration of intermediate would 
build up during the reaction. With high concentrations of reac- 
tants, a net change in reactant concentration must be achieved by 
methods other than mixing. 


If an equilibrium between complex and free species is perturbed 
by the rapid adjustment of an external parameter controlling the 
equilibrium state, the transient approach to a new equilibrium (re- 
laxation) can be monitored. The difference between initial and 
final equilibrium defines the amplitude of the relaxation step(s), 
and the time dependence of reequilibration can be related to the 
rate constants of the reaction (18). In contrast to the flow tech- 
niques, mixing is avoided and the concentration of reactants is 
close to the equilibrium concentration. 


By discharging a high voltage pulse through a sample cell, a 5- 
loo temperature rise can be effected in a few microseconds. With 
the temperature-jump method, rate phenomena with relaxation 
times in the microsecond to second range are accessible to direct 
measurement. 


The temperature-jump studies on complex formation between 
3-nitro-4-hydroxybenzenesulfonamide and carbonic anhydrase B 
reveal as many as three relaxation processes (Fig. 8)l, none of 
which is present if the reactants are examined individually. As- 
signment of relaxation steps to primary processes in the reaction 
pathway is achieved from the analysis of the concentration depen- 
dence of the relaxation rate and amplitude. 


The slow step of the relaxation times, 71. at  low concentrations is 
equivalent to the steady-state kinetic constants derived from the 
stopped-flow measurements. The relaxation step in the microse- 
cond range, 52,  is of low amplitude and precluded making a defini- 
tive assignment. The fast step, 73, shows a rate dependency on 
buffer concentration and appears to involve ionization in the 
bound state of the phenolic moiety on the sulfonamide. 


A complete analysis of the relaxation profile will be presented 
elsewhere. It should be evident from these considerations that 
temperature-jump studies, with their wide temporal range of ap- 
plicability, offer an essential means for examining the complete 
spectrum of primary processes associated with complex formation. 


With ligand-macromolecule interactions where ionization and 
conformational changes can be anticipated to accompany complex 
formation, multiple kinetic and spectroscopic methods must be 
employed to provide a complete description of reaction mecha- 
nism. Through this approach, an understanding of the factors con- 
fering specificity in the recognition of ligand structure and the re- 
sponse to ligand binding can be developed. 


REFERENCES 


(1) A. Liljas, K. K. Kannan, P.-C. Bergsten, I. Waara, K. 
Fridborg, B. Strandherg, U. Carlbom, L. Jarup, S. Lovgren, and M. 
Petef, Nature New Biol., 235,131(1972). 


(2) S. Lindskog, J .  Biol. Chem., 238,945(1963). 
(3) S. Lindskog, Biochemistry, 5,2641(1966). 


P. Taylor and E. Grell, to be published. 


506 /Journal of Pharmaceutical Sciences 







(4) J. E. Coleman, J .  R i d .  Chem., 243,4574(1968). 
(5) R. L. Ward, Biochemistry, 8,1879(1969). 
(6) E. Shefter and P. Sackman, J. Pharm. Sci., 60,282(1971). 
(7) P. W. Taylor, R. W. King, and A. S. V. Burgen, Biochemis- 


(8) Ibid., 9,3894(1970). 
(9) S. L. Bradbury, J. Biol. Chem., 244,2002(1967). 


try, 9,2638( 1970). 


(10) R. W. King and A. S. V. Burgen, Biochim. Biophys. Acta, 


(11) J. A. Verpoorte, S. Mehta, and J. T. Edsall, J .  Biol. Chem., 


(12) P. W. Taylor and A. S. V. Burgen, Biochemistry, 10. 


(13) P. W. Taylor, J. Feeney, and A. S. V. Burgen, ibid., 10, 


(14) M. E. (R.) Fabry, S. H. Koenig, and W. E. Schillinger, J. 


(15) M. Eigen, Ber. Bunsenges. Phys. Chem., 67.753(1963). 
(16) M. Eigen and R. G. Wilkens, Advan. Chem. Ser., No. 49, 


207,278(1970). 


242,422 1 (1967). 


3859( 1971). 


3866(1971). 


Biol. Chem., 245,4256(1970). 


55(1965). 


(17) T. J. Swift and R. E. Connick, J. Chem. Phys., 37, 
307( 1962). 


(18) M. Eigen and L. de Maeyer, in “Technique in Organic 
Chemistry,” vol. VIII, Part  11, A. Weissberger, Ed., Wiley- 
Interscience, New York, N.Y., 1963, p. 895. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received from the Division of Pharmacology, Department of 
Medicine, University of California, San Diego, La Jolla, CA 92037 


Presented in part to the Symposium on Drug-Biomolecule In- 
teractions, APhA Academy of Pharmaceutical Sciences, fall meet- 
ing, Chicago, Ill., November 1972. 


Supported in part by US .  Public Health Service Grant GM 
18360. 


The author thanks Dr. R. W. King, Dr. J. Feeney, and Dr. A. S. 
V. Burgen of the Molecular Pharmacology Unit, Cambridge, En- 
gland, and Dr. E. Grell, Max Planck Institute fur Physikalische 
Chemie, Gottingen, Germany, who contributed substantially to the 
studies described in this symposium. 


Drug-Biomolecule Interactions: 
Proton Magnetic Resonance Studies of Complex 
Formation between Bovine Neurophysins and 
Oxytocin at Molecular Level 


JOHN H. GRIFFIN *$, JACK S. COHEN *x, PAUL COHEN *, and MARYSE CAMIER * 


Abstract 0 Proton magnetic resonance spectroscopy was used to  
monitor individual amino acid residues in bovine neurophysin, in 
the nonapeptide hormone oxytocin, and in the complex formed be- 
tween them. For neurophysin I alone, a normal titration curve for 
the C-2 proton resonance of the lone histidine residue was ob- 
tained with an apparent ionization constant of 6.9. Addition of ox- 
ytocin to a solution of neurophysin I a t  pH 6.5 resulted in several. 
changes in the spectrum. The effect on the histidine C-2 proton 
resonance signal indicated a slow exchange process between two 
states, probably representing a conformational change in the pro- 
tein. The apparent pK of the histidine residue in the hormonal 
complex was shifted to 6.7, indicating a slightly more positive (less 
electron dense) environment for the histidine residue. Resonances 
of the single tyrosine residue of oxytocin were observed to broaden 
significantly, but not to shift appreciably, on the addition of neu- 
rophysin 11. These observations may indicate involvement of the 
tyrosyl residue of oxytocin in the hormone-‘‘carrier protein” inter- 
action. 


Keyphrases Neurophysins, bovine-complex formation with 
oxytocin, PMR 0 Oxytocin-complex formation with bovine neu- 
rophysins, PMR 0 Hormonal interactions-bovine neurophysins- 
oxytocin, PMR [7 PMR-monitoring bovine neurophysins-oxyto- 
cin complex formation 0 Drug-biomolecule interactions-PMR 
studies of complex formation between bovine neurophysins and 
oxytocin at  the molecular level 0 Interactions-drugs with biomo- 
lecules, symposium 


High-resolution proton magnetic resonance (PMR) 
has proved useful in providing information about se- 
lected residues in proteins during denaturation (1-3) 
and inhibitor-enzyme interactions (4, 5). (For re- 


views, see Refs. 6 and 7.) A few studies of protein- 
polypeptide or protein-protein interactions using 
PMR techniques have been reported (8-10). 


The neurohypophyseal nonapeptides oxytocin and 
8-arginine (or 8-lysine) vasopressin are biologically 
important hormones known to associate noncovalent- 
ly with the proteins neurophysin I and neurophysin 
I1 (11, 12). These proteins are found in the neurose- 
cretory granules of the pituitary glands of several 
species associated with the hormonal peptides (13). 
The physical and chemical properties of the neuro- 
physins, which have monomeric molecular weights 
near 10,000, have been investigated (14, 15), and 
some amino acid sequences for bovine neurophysins I 
and I1 have been proposed (16, 17). The study of the 
molecular interactions between neurophysins and 
peptide hormones has been approached using classi- 
cal equilibrium methods (18-22) and spectroscopic 
techniques (23-26). 


This article presents PMR observations on highly 
purified bovine neurophysins, the hormone oxytocin, 
and the molecular complex formed between them. In 
particular, high-resolution PMR methods allow the 
study of the possible involvement of the lone histi- 
dine residue of neurophysin I or the single tyrosyl 
residue of oxytocin in the hormonal complexes’. 


A preliminary account of some of this work has appeared (27). 
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retical plate number. A t  room temperature, but not a t  60”, a pro- 
gressive decrease in flow rate is often experienced. 


Plots of peak height versus amount of clindamycin 2-phosphate 
injected showed slight deviation from linearity a t  high sample 
charges (0.8-1.0 mg) (Fig. 5). Below 0.6 mg, excellent linearity is 
observed and peak heights can be used for quantitation. 


DISCUSSION 


The separation of clindamycin 2-phosphate from isomeric and 
related phosphate esters is sufficient to allow quantitation by the 
peak height approach. 


Detection of clindamycin 2-phosphate by UV monitoring of 
background absorbance is remarkable and worthy of comment. 
The molar absorptivity of clindamycin 2-phosphate a t  254 nm is 
only 16.8 in water a t  pH 8.90. Detection of clindamycin phosphate 
was made possible only by use of the high capacity support 
triethylaminoethyl cellulose. The exchange capacity of a 2.1-mm X 
1-m column is 810-1160 bEq, as calculated from the column weight 
and the exchange capacity of the support. This value is approxi- 
mately 20 times larger than the conventional liquid chromato- 
graphic ion-exchange supports which normally contain 4 8 4 0  pEq 
in the same size column (11). The use of high capacity supports 
should allow the detection of many compounds with low back- 
ground absorbance at  254 nm. 
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Simultaneous High-speed Liquid Chromatographic 
Determination of Tetracycline and Rolitetracycline in 
Rolitetracycline Formulations 


A. G. BUTTERFIELDX, D. W. HUGHES, W. L. WILSON, and 
N. J. POUND 


Abstract A rapid, precise high-speed liquid chromatographic 
procedure for the simultaneous determination of tetracycline and 
rolitetracycline in rolitetracycline formulations is described. Sam- 
ples are dissolved in water, chilled to OD, and chromatographed on 
a pellicular cation-exchange resin. The specificity of this method 
represents a significant improvement over present analytical pro- 
cedures, which fail to differentiate between rolitetracycline and its 
hydrolysis product, tetracycline, in these formulations. 


Keyphrases Rolitetracycline and rolitetracycline nitrate formu- 
lations-simultaneous high-speed liquid chromatographic analysis 
of tetracycline and rolitetracycline 0 Tetracycline and rolitetra- 
cycline in rolitetracycline and rolitetracycline nitrate formula- 
tions-simultaneous high-speed liquid chromatographic analy- 
sis High-speed liquid chromatography-analysis, simultaneous, 
rolitetracycline and tetracycline in rolitetracycline and rolitetra- 
cycline nitrate formulations 


Rolitetracycline (I) (2-N-pyrrolidinomethyltetra- 
cycline) is an antibiotic formed by N-aminometh- 
ylation of the carboxamide function of tetracycline 
(11). Compound I is formulated either as the base or 
nitrate salt for intravenous or intramuscular use. 
These formulations are intended to be made at the 
time of use with water suitable for injection. 


The official method of assay of I in Canada (1) is 


microbiological. This method, however, gives no in- 
formation on the extent of hydrolysis of I, since the 
test organism is also sensitive to 11, nor any estimate 
of epimerization or degradation products expected to 
be formed under the assay conditions used. One 
would expect I, a Mannich base, to be susceptible to 
hydrolysis in aqueous solution, and Brunzell(2) dem- 
onstrated that aqueous solutions of I are indeed rap- 
idly hydrolyzed with the formation of I1 and 4-epite- 
tracycline (111). 


By using high-speed liquid chromatography 
(HSLC), the stability of I was studied and it was con- 
firmed that aqueous solutions are rapidly hydrolyzed 
to I1 (3). In addition, formulations of I were also 
found to contain 11. Although the hydrolysis of I to I1 
does not involve a loss of microbiological activity, the 
presence of I1 in formulations could be an indication 
of poor manufacturing practice. 


This report describes a rapid HSLC procedure for 
the simultaneous assay of I and I1 in rolitetracycline 
formulations. Being precise and highly specific, the 
method represents a significant improvement over 
present analytical procedures for the quality control 
of rolitetracycline formulations. 
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PREPARATION A PREPARATION B,(C) Table I-Labeled Composition of Rolitetracycline (I) 
and  Rolitetracycline Nitrate  Formulations 
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Figure 1-High-speed liquid chromatograms of typical 
partially hydrolyzed rolitetracycline and rol itetracycline nitrate 
formulations. Key:  A ,  rolitetracycline intravenous formulation; 
B, rolitetracycline nitrate intravenous formulation; and, C, 
rolitetracycline nitrate intramuscular formulation. 


EXPERIMENTAL 


Materials-Rolitetracycline base (I)1, rolitetracycline nitrate2 
(I-nitrate), tetracycline (HI3, lidocaine hydrochloride*, magnesium 
gluconate5, and ascorbic acid6 were used as obtained. 


Apparatus-A liquid chromatograph7 fitted with a constant- 
temperature water bath, a “septumless” injection port, and a fixed 
wavelength (254 nm) UV absorption detector (attenuated to 0.32 
absorbance unit full scale) was used. 


Chromatographic Parameters-A colump (225 cm x 3.2 mm 
0.d. X 1.8 mm i.d., 304 stainless steel) was dry packed with a pelli- 
cular cation-exchange resins by a procedure similar to that re- 
ported by Kirkland (4) and coiled (diameter, 25 cm) to fit horizon- 
tally into the water bath of the instrument. Each liter of mobile 
phase [O.lO M Na+, 0.003 M ethylenediaminetetraacetate 
(EDTA-2), and 4096 ethanol; pH 4.351 was prepared by diluting a 
solution of ethanol (400 ml), 1.0 M sodium hydroxide solution 
(93.3 ml), and 0.05 M disodium ethylenediamine tetraacetate (66.7 
ml) with water to a volume of 800 ml, adjusting to an apparent pH 
of 4.35 with acetic acid, and then bringing the solution to volume 
(1000 ml) with water. 


Occasionally a small amount of flocculant precipitate formed 
during this procedure; however, it readily dissolved when the mo- 
bile phase was heated under reflux to remove dissolved gases and 
did not reprecipitate on cooling. The degassed solvent was stored 
in the solvent reservoirs of the instrument. A flow rate of 60 ml/hr 
(4100 psi) and an operating temperature of 25’ were used through- 
out. 


Hoechst Pharmaceuticals, Montreal, Quebec, Canada. 
Bristol Laboratories of Canada, Candiac, Quebec, Canada. 
United States Pharmacopeia, Rockville, Md. 
Astra Pharmaceuticals (Canada) Ltd., Cooksville, Ontario, Canada. 
K&K Laboratories, Plainview, N.Y. 
British Drug Houses, Toronto, Ontario, Canada. 


Pellionex CP-128, Northgate Laboratories, Hamden, Conn. 
7 Model 4100, Varian Aerograph, Walnut Creek, Calif. 


Mag- Lido- 
I-Ni- nesium Ascor- caine 
trate, Gluco- bic Hydro- 


Formu- I ,  mg/ m g  I/ nate, Acid, chloride, 
lation Vial Vial mg/Vial mg/Vial mg/Vial 


- 434.5 - - A10 275 


B. 350 273 575 - 
350 273 575 40 
150 109 246 40 


C1b 
CZb 


- - - 110 173.8 
- 
- 
- 


a Intravenous formulations. * Intramuscular formulations. 


Determination of Purity of Rolitetracycline Standard- 
Approximately 50 mg of the bulk drug standard of I was accurately 
weighed into a 2-ml volumetric flask. The sample was dissolved 
with shaking (10 sec), and the solution was immediately brought to 
volume with aqueous magnesium gluconate (43.4 mg/ml). The 
flask was placed in a water bath at 25O. Aliquots (0.25 GI) of the 
sample solution were withdrawn and injected, using a 1-rl syringe 
fitted with a reproducibility adaptorg, at about 12-min intervals 
for a 3-hr period. The flask was shaken briefly prior to each sam- 
pling, and the time from solution makeup to elution of the peak 
due to I was recorded for each injection. 


Determination of Synthetic Mixtures-Rolitetracycline- 
The desired amount of I was accurately weighed into a 2-ml volu- 
metric flask. The sample was dissolved with shaking (about 10 
sec), and the solution was brought to volume with aqueous magne- 
sium gluconate (43.4 mg/ml). The flask was immediately placed in 
an ice bath ( O O ) .  The sample was shaken at  10-min intervals during 
the 30 min allowed for cooling. After 30 min, triplicate 0.25-pI ali- 
quots were chromatographed. 


Rolitetracycline Nitrate -The required amounts of I-nitrate 
and ascorbic acid (115 mg) were accurately weighed into a 2-ml 
volumetric flask. In the case of the synthetic intramuscular formu- 
lations, lidocaine hydrochloride (8.0 mg) was also added to the 
sample. The samples were then dissolved, brought to volume with 
magnesium gluconate solution, chilled, and chromatographed in 
the same manner as the synthetic mixture of I. 


Determination of Commercial Products-Drug Substances- 
A sample of the drug substance (I or I-nitrate), equivalent to ap- 
proximately 50 mg of I, was accurately weighed into a 2-ml volu- 
metric flask, and the sample was treated by the procedure pre- 
viously described for synthetic mixtures of I. 


Formulations-The contents of a single vial (275 or 350 mg of I 
or I-nitrate) were dissolved in water and immediately transferred 
quantitatively to a 10-ml volumetric flask. In the case of 110- or 
150-mg formulations, a 5-ml volumetric flask was used. The solu- 
tion was then brought to volume with water, shaken, and placed in 
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Figure 2-Plot of log peak height versus time in solution from 
chromatograms of rolitetracycline solutions at two temperatures. 


MINUTES 


Model 7101N CH, Hamilton Co. Reno, Nev. 


Vol. 64, No. 2, February 1975 f 317 







Table 11-HSLC Analysis of Synthetic Rolitetracycline Formulations 


Rolitetracycline (I) Tetracycline (11). Totala 


Synthetic Calc., Found, Recovery, Calc., Found, Recovery, Calc., Found, Recovery, 
Formulations pg pg % Pg Crg % pg pg % 


I 4.54 4 . 5 6  100 .4  0 . 2 9  0.28 97 4 . 8 3  4.84 100.2 
I1 7.23  7 .22  9 9 . 9  0.42 0 .42  100 7 .65  7 .64  9 9 . 9  


111 4.40 4.38 99 .6  4 .40  4.38 9 9 . 6  
IV 5 . 4 3  5 . 4 2  99 .7  5 . 4 3  5 . 4 2  99 .7  


Mean recovery, % 99.9 98 9 9 . 8  
RSD, % 3 ~ 0 . 4  +2 f 0 . 3  


- - - 
- - - 


Expressed as equivalent amount of I. 


Table 111-HSLC Analysis of Synthetic Rolitetracycline Nitrate Formulations 


Rolitetracycline (I) Tetracycline" (11) Total*+' 
.__ ._ 


Synthetic Calc., Found, Recovery, Calc., Found, Recovery, Calc., Found, Recovery, 
Formulations pg Pg % Pg Crg % r g  % 


Ib 3 . 4 3  3 . 4 1  98.6 0 .17  0.17 100 3 .60  3.58 9 9 . 5  
I Ib 6.18 6 .13  99 .2  0.60 0.59 98 6 . 7 8  6 .72  9 9 . 1  


IIIC 3.68 3 .66  9 9 . 5  0 .93  0 . 9 5  102 4 .61  4 .61  100.0 
IVC 4.23 4 .15  9 8 . 1  0 .80  0 . 8 1  101 5 . 0 3  4 .96  98 .6  


Mean recovery, % 98.9 100 9 9 . 3  
RSD, % A 0 . 6  A 2  1 0 . 6  


a Expressed as equivalent amount of I. Synthetic intramuscular formulation. Synthetic intravenous formulation. d Total micrograms of I and 11. 


an ice bath. After cooling for 30 min, with shaking at  10-min inter- 
vals, triplicate 0.25-pl aliquots of the solutions were chromato- 
graphed. 


Calculations-Concentrations of I and I1 were determined 
using the following expressions: 


I (micrograms per injection) = (PH + b)/mR (Eq. 1) 
(Eq. 2)  
(Eq. 3) 


II (micrograms per injection) = [PT - PH - P e ( C ) ] / r n ~  
11 (micrograms as I) = I1 (micrograms ) x D 


where: 
Pn = peak height for I (millimeters) 


mR = slope of calibration curve for I(24.1 mm/pg)"J 
PT = peak height for II (millimeters) 
PB = peak height for sample blank (millimeters) 


b = y intercept of calibration curve for I ( -  5.7 mm)lo 


C = factor to correct for decomposition of I to I1 during sample 
preparation (0.061)lo 


mT = slope of calibration curve for11 (62.5 mm/pg)10 
D = factor to express weight of I1 as an equivalent weight of I 


(1.187 = mol. wt. I/mol. wt. 11) 


RESULTS AND DISCUSSION 


The high-speed cation-exchange chromatography system used 
in this analysis is a modification of one described in a previous 
study of the chromatographic behavior of a number of tetracycline 
derivatives (5). In the present investigation, the ethanol concentra- 
tion of the mobile phase was increased to 40% and the operating 
temperature was reduced to 25" to minimize on-column hydrolysis 
of I. 


Figure 1 illustrates the chromatograms obtained from the analy- 
sis of three, partially degraded, commercial formulations. Prepara- 
tion A is made up of I and magnesium gluconate; while Prepara- 
tion B contains I-nitrate, ascorbic acid, and magnesium gluconate. 
Preparation C is an intramuscular I-nitrate formulation containing 
lidocaine hydrochloride as well as ascorbic acid and magnesium 
gluconate. In addition to I and 11, small amounts of I11 can also be 
detected in these degraded samples. 


Under these conditions, retention times of 2.5, 3.1, 3.7, and 6.6 
min were obtained for ascorbic acid, 11, 111, and I, respectively, 
while lidocaine hydrochloride and magnesium gluconate chroma- 
tographed as small peaks with retention times of 3.0 and 2.8 min, 


10 Factors obtained under experimental conditions described here. 


respectively. The latter two compounds are not resolved from the 
peak due to 11; however, because of their low detector response, 
they are equivalent to less than 0.15 pg/injection of I1 in a typical 
formulation. A correction is made for the interference of these 
compounds by using a blank value (Pa) in Eq. 2. 


Peaks due to two as yet unidentified substances, with retention 
times of 4.3 and 9.3 min, were also detected when I-nitrate prepa- 
rations were chromatographed. One substance was present only in 
solutions containing ascorbic acid and produced a negative peak 
(4.3 rnin). A similar peak was also detected when aqueous solutions 
of ascorbic acid were chromatographed and is thought to be due to 
a displacement desorption of some other compound with a low UV 
extinction coefficient. The second substance (9.3 min) was present 
in all I-nitrate bulk drug samples and formulations examined. This 
peak may be due to 4-epirolitetracycline (IV). Neither of these 
peaks interferes with the determination of I or I1 in I-nitrate for- 
mulations. 


Simultaneous quantitative analysis of both I and I1 is possible 
by relating peak height measurements to calibration curves for 
each of these two compounds. However, due to the intrinsic insta- 
bility of solutions of I, it has been necessary to include correction 
factors in Eq. 2 to compensate for the formation of I1 from I during 
sample preparation. 


The rate of degradation of I and I-nitrate is affected mainly by 
temperature (Fig. 2) and, to a lesser extent, by the concentrations 
of magnesium gluconate or of I in the sample solution". Therefore, 
to facilitate accurate quantitative analysis and to permit the analy- 
sis of all formulations from a single calibration curve for I, samples 
containing a relatively high concentration of I (22-35 mg/ml) were 
prepared and immediately cooled to 0'. During the analysis, these 
samples were maintained at  0". From Fig. 2 it can be seen that the 
rate of degradation is retarded to such an extent at Oo that any 
changes in the composition of the sample are negligible over the 
1-2 hr required for an analysis. In fact, continued analysis of syn- 
thetic mixtures of I and I-nitrate over 7 hr at Oo showed less than 
1.5% degradation. 


The purity of the standard of I used throughout this study was 
determined relative to an FDA standard by UV (1) (99.4%), micro- 
biologicalI2 (loo%), and HSLC (10096) methods. HSLC was used to 
monitor the formation of I1 in three magnesium gluconate solu- 
tions of the standard of I a t  25" over 3 hr. Extrapolation of the 
curve for I1 back to zero time indicated that no I1 was initially 
present in the sample; i . ~ . ,  i t  contained 100% I. 


* l  Unpublished data. 
l2 Reported by supplier. 
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Table IV-Analysis of Rolitetracycline (I) a n d  Rolitetracycline Nitrate Formulations" 


Micro- 
HSLC 


Sample I IIb IV* IC Totald biological" uv 
Rolitetracycline: 


110 mg, intravenous 
275 mg, intravenous 


Rolitetracycline nitrate:  
150 mg, intramuscular 
350 mg, intramuscular 
350 mg, intramuscular 
350 mg, intravenous 


- 105.6 1 . 3  106.9 111 106.3 
110.9 0 . 7  111.6 114 110 .3  - 


104 .O  4 . 2  14 .O  108.2  112 122.2 ~ 


iog .5 5 . 5  6 . 9  i i 5 . o  
113.3 6 . 9  1 3 . 7  120 .2  
111.9 7 . 1  7 . 4  119.0 


~~ 


113 
118 
115 


~~~ ~ 


121.9 
133 .9  
126.4 


5 Results expressed as percent of labeled claim for I. b Expressed as ecluivalent amount of I. C By difference, UV minus Total. d Total I and 11, ix., microbiologic 
ally active components. Average of two determinations. 


An absolute injection technique was used throughout this study. 
A relative standard deviation of 1.4% was obtained from the peak 
height measurements for the injection of five 0.25-pl (4.7-pg) ali- 
quots of a sample of I maintained a t  O o .  Calibration curves were 
prepared for both I and 11. A plot of peak height for I, against the 
amount of I injected for eight synthetic mixtures of I, was linear 
over a concentration range of 8-44 mg/ml (2-11 pglinjection) (Fig. 
3). A least-squares analysis of the data showed that the linear por- 
tion of the curve could be expressed by an equation for a straight 
line, with a slope of 24.1 mm/pg and a y-intercept of -5.7 mm. 
Synthetic mixtures, prepared daily, were used throughout the 
study to check the calibration curve. The difference from the cal- 
culated values was never more than l%. 


A similar procedure was used for the determination of I1 in the 
formulations; however, the equation for the calibration curve for I1 
was corrected for background interference caused by the presence 
of lidocaine hydrochloride or magnesium gluconate in the samples 
and for the amount of I1 formed from I during sample preparation. 
Analysis of six samples of pure I, cooled to  Oo and left t o  equili- 
brate for 30 min, showed that a peak for I1 was obtained which was 
6.1 f 0.5% of the measured peak for I. Therefore, a factor of 0.061 
(C, Eq. 2) multiplied by the measured I peak height (PR, Eq. 2) 
was included to correct the measured I1 peak height for the forma- 
tion of I1 during sample preparation and equilibration a t  0'. Since 
measured I peak heights versus micrograms of I injected were 
plotted to obtain the calibration curve for I, no correction for de- 
composition during sample makeup was required in Eq. 1. 


The calibration curve obtained from the analysis of solutions of 
11, in 0.01 M HCI, over a concentration range of 2-32 mg/ml(O.5-8 
pghnjection) was a straight line through the origin with a mean 
slope of 62.5 mm/pg. 


The value for the blank (PB, Eq. 2) is readily obtained from the 
analysis of a blank solution containing the approximate concentra- 
tion of ascorbic acid, lidocaine hydrochloride, and magnesium glu- 
conate found in the formulation (Table I). 


T o  facilitate correlation of the analytical data, it was convenient 
to express the weight of I1 as that  weight of I from which it could 
have formed. Therefore, a third factor, 1.187 (D, Eq. 3), was in- 
cluded to convert the weight of I1 to the equivalent weight of I. 


The results obtained from the analysis of synthetic formulations 
of I containing varying amounts of I and I1 are listed in Table 11. 
Excellent correlation between the theoretical and observed values 
for the individual components and the total concentration of tetra- 
cyclines, expressed as I, was obtained. Similar correlation was ob- 
served between the HSLC and UV analyses of commercial formu- 
lations of I (Table IV). 


The situation was somewhat more complex, however, in the case 
of I-nitrate and its formulations. The theoretical amount of I in 
pure I-nitrate bulk drug is 89.5%. Microbiological12 and UV (1) 
analyses of I-nitrate bulk drug showed it to be pure (microbiologi- 
cal, 98%; UV, 102.5%). However, HSLC analysis of three replicates 
of the sample indicated that i t  contained 88.4 f 0.3% of the ex- 
pected amount of I along with an amount of I1 equivalent to 4.2 f 
0.2% of the expected amount of I. Thus, it can be concluded that 
the hulk drug contains at least one other UV-absorbing substance 
(about 7.4%) in addition to I and 11. This observation is further 
substantiated by the fact that the HSLC chromatograms obtained 
for all I-nitrate bulk drugs and formulations contained an extrane- 
ous peak (9.3 rnin). 


This extraneous peak was not due to the presence of 4-epianhy- 
drotetracycline or anhydrotetracycline in the sample, since these 
compounds were found to  have retention times of 8.6 and 4.9 min, 
respectively, under these conditions. It may, however, be due to 
IV-nitrate since it elutes after I. Previous work (5) showed that 
four 4-epitetracyclines were more retentive than the corresponding 
epimers. Furthermore, the microbiological assay results for the I-  
nitrate formulations (Table IV) are significantly lower than the 
UV results. This finding could be explained by the fact that  during 
such an analysis IV would be hydrolyzed to 111, which has been re- 
ported to possess approximately 5% of the microbiological activity 
of I1 (6). I t  has been shown" that I is more than 80% hydrolyzed in 
less than 30 min under the conditions specified for the microbio- 
logical assay. In addition, the formation of appreciable amounts of 
IV by the treatment of I with acetic acid was reported previously 
(7). When a sample of I was treated under these conditions and 
chromatographed, the size of the peak at  retention time 9.3 min 
was increased to approximately two-thirds the size of the peak due 
to I. Finally, IV would be assayed by the UV method as 11, since 
the tetracycline moiety is measured by this method. This would 
explain why the HSLC and UV methods agree for formulations of 
I, where none of this third compound is detected, and yet disagree 
where the compound is present, as in the I-nitrate formulations 
(Table IV). 


The results from the analysis of a series of synthetic I-nitrate 
mixtures (Table 111) showed good correlation between the calculat- 
ed and found values for I and I1 in these mixtures. Mean recovery 
values of 98.9 f 0.6 and 100.2 f 2.8% were obtained for I and 11, re- 
spectively. The UV analyses shown in Table IV indicate a higher 
concentration of total tetracyclines than the total amount of I and 
I1 determined by HSLC. This result is as expected, since the chro- 
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Figure 3-Plot of peak height versus micrograms of rolitetra- 
cycline from chromatograms of rolitetracycline standard soh- 
tions. 
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matogram of each of these mixtures possessed the small extrane- REFERENCES 
ous peak at 9.3 min. 


The average amount of IV in the formulations (Table IV) was 
estimated, by difference, to be 10.5%. The UV analyses (mean = 
126.1%) indicated an average “overfill” of 26.1%; therefore, the av- 
erage amount of IV in the formulation is equivalent to 8.3% of the 
total tetracyclines, expressed as I. This value is comparable to the 
7.4% found in the particular sample of I-nitrate bulk drug sub- 
stance used in this study. Close correlation was also obtained be- 
tween the results of the microbiological analyses and the total 
amount of I and I1 determined by the HSLC procedure. This find- 
ing is consistant with the fact that  111, which would be formed by 
the hydrolysis of IV, is less microbiologically active than I1 (6). 


In conclusion, the HSLC procedure provides a rapid, precise 
method for the simultaneous qualitative and quantitative analysis 
of rolitetracycline and its hydrolysis product, tetracycline, in both 
rolitetracycline and rolitetracycline nitrate formulations. A third 
component found in rolitetracycline nitrate formulations has not 
been identified conclusively, but UV and microbiological assays in- 
dicate that this compound is present a t  levels as high as 10% of 
total tetracyclines, contains a tetracycline moiety, and is compara- 
tively inactive microbiologically. A tentative identification as 4- 
epirolitetracycline is suggested. 


PHARMACEUTICAL TECHNOLOG Y 


(1) “The National Formulary,” 13th ed., Mack Publishing Co., 
Easton, Pa., 1970; Code of Federal Regulations, Title 21, 149q.la, 
US. Government Printing Office, Washington, D.C., 1972. 


(2) A. Brunzell, Acta Chern. Scand., 16,245(1962). 
( 3 )  D. W. Hughes, W. L. Wilson, A. G. Butterfield, and N. J. 


(4) J. J. Kirkland, J .  Chromatogr. Sci., 10,129(1972). 
(5) A. G. Butterfield, D. W. Hughes, N. J. Pound, and W. L. 


(6) K. F. Benitz and H. F. Diermeier, Proc. SOC. Exp. B i d .  


(7) R. Huttenrauch and J. Keiner, Naturwissenschaften, 53, 


Pound, J .  Pharrn. Pharrnacol., 26,79(1974). 


Wilson, Antimicrob. Ag. Chernother., 4,11(1973). 


Med., 115,930(1964). 


552( 1966). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received April 11, 1974, from the Drug Research Laboratories, 


Accepted for publication September 13,1974. 
Health Protection Branch, Ottawa, Canada K I A  OL2 


T o  whom inquiries should be directed. 


Versatile Unit for Filling Gelatin 
Capsules with Drugs or Chemicals 


GEORGE R. THOMPSON and ADAM CUNNINGHAM 


Abstract A new, inexpensive device was developed for making 
individually prepared capsules that can be administered to experi- 
mental animals. The device was designed for accurate and rapid 
production of large numbers of various capsule sizes and drug dos- 
ages. During 12 months of usage, 21 capsules were prepared weekly 
for each of 44 dogs (924 total capsules) in approximately 2.5 work- 
hourdweek. Each capsule contained a precise amount of drug to 
administer a specific dosage to each individual dog. No difficulties 
were encountered in the manufacture or utilization of this device, 
and it can be operated by untrained personnel. 


Keyphrases Capsules-device for making individually prepared 
capsules, design and application 0 Gelatin capsules-rapid pro- 
duction of various capsule sizes and drug dosages, device de- 
scribed Equipment-rapid production of various capsules and 
drug dosages, design and application 


Drugs and chemicals intended for human con- 
sumption or exposure must first be evaluated for tox- 
icity in laboratory animals. The Food and Drug Ad- 
ministration and other governmental regulatory 
agencies recommend that the route of administration 


in animals corresponds to the route for proposed 
human usage (1). For subacute or chronic oral admin- 
istration of food additives, pesticides, or other mate- 
rials to rodents, the compounds can be incorporated 
into the diet. Dogs and monkeys can receive daily per 
os administration of drugs or other orally consumed 
chemicals by administration of the materials as tab- 
lets, in capsules, or by intubation of solutions or sus- 
pensions. Each of these three alternatives for drug 
administration involves significant shortcomings 
with large numbers of animals for long periods. 


Manual production of tablets or capsules requires 
considerable effort and adds unduly to the cost of an 
experiment’. Preparation of tablets or capsules with 
commercial units decreases time and cost but sacrifi- 
ces accuracy in dosage due to unit-to-unit variation 
(2, 3) and loss of the ability to adjust precisely for 


Manual preparation of 924 capsules/week for 44 dogs in a 1-year toxicity 
study could cost more than $15,800. 
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Effect of Aspirin on Fate of 14C-Acetaminophen in 
Guinea Pigs 


\ 


L. W. WHITEHOUSE', C. J. PAUL, and B. H. THOMAS 


Abstract The interaction of "C-acetaminophen, 150 mgbg (20 
pCi/kg), and orally administered aspirin, 200 mgbg, was studied in 
male guinea pigs. Aspirin-pretreated animals possessed higher 14C 
blood levels than controls. Paper chromatography of 0-6-hr urines 
demonstrated that pretreated animals excreted significantly great- 
er amounts of mercapturate than controls; however, it was only a 
minor metabolite, accounting for 1-3% of the counts in the urine. 
The major metabolite, the glucuronide, accounted for 90% of the 
counts, with free acetaminophen and its sulfate responsible for the 
remaining counts. Tissue distribution studies indicated that blood 
plasma and kidneys from aspirin-pretreated animals possessed 
statistically higher 14C levels than did control tissues. Bile duct 
and ureter cannulation experiments indicated that aspirin inhibit- 
ed the concentrating processes into the urine and bile. 


Keyphrases 0 Acetaminophen, radiolabeled-metabolism, effect 
of aspirin pretreatment, guinea pigs Aspirin-effect of pre- 
treatment on 'JC-acetaminophen metabolism, guinea pigs 


The restriction of phenacetin has caused acetami- 
nophen, the principal metabolite of phenacetin, to 
come into widespread use. Since acetaminophen is 
now being used in combination with aspirin in some 
analgesic formulations, a study of the effect of aspirin 
upon acetaminophen was deemed desirable. A previ- 
ous report (1) showed that, in rats, aspirin caused: (a) 
a reduction in the rate of acetaminophen absorption 
from the GI tract, (b) an enhanced blood level of ra- 
dioactivity during the postabsorptive phase, (c) large 
changes in the proportions of acetaminophen and its 
metabolites excreted in the urine, (d) reduction in 
sulfate conjugation, and (e) an increase in glucuro- 
nide and mercapturate conjugation. 


Amsel and Davison (2), studying the simultaneous 
metabolism of aspirin and acetaminophen in hu- 
mans, found that aspirin had no effect on the forma- 
tion of acetaminophen metabolites. This report con- 
firmed earlier work in which a similar lack of effect 
was observed with lower doses (1.0 g) of sodium sali- 
cylate (3). In the present study the effect of aspirin 
upon the fate of acetaminophen in the guinea pig was 
investigated to determine if this species would serve 
as a better animal model than the rat for toxicologi- 
cal studies of this particular drug combination. 


EXPERIMENTAL 


Materials-J4C - Acetaminophen ( N  - acetyl - p - aminophenol- 
ring-UL-14C)', with a specific activity of 44.64 pCi/mg, was cus- 
tom-synthesized*. Aspirin3, unlabeled acetaminophen4, and gum 
tragacanth5 were obtained commercially. Male Hartley strain 
guinea pigs, 250-350 g, were purchased locallf. 


UL = uniformly labeled. 
Mallinckrodt, St. Louis, MO 63160 
B.D.H. Canada Ltd., Toronto, Canada. 
Matheson, Coleman and Bell, Norwood, Ohio. 
Fisher Scientific Co. Ltd., Toronto, Canada. 


ti High Oak Ranch, Goodwood, Ontario, Canada. 


" a 1  


I 0.5 


\\ 
\\ 


Methods-Blood Profiles-Guinea pigs were randomly divided 
into two groups of five animals each and deprived of food but not 
water for 16 hr. In the oral dosing study, all treatments were ad- 
ministered orally in volumes of 10 ml/kg as 0.25% gum tragacanth 
suspensions. One group of animals received aspirin (200 mgbg) 
while the control group received 0.25% gum tragacanth. I4C- 
Acetaminophen [I50 mg/kg (20 pCi/kg)] was administered to both 
groups 30 min later. 


Duplicate blood samples (10 pl) were collected from the toe a t  
0.25,0.50, 1, 1.5, 2, 4,6, 8, and 12 ,hr after dosing. The blood was di- 
gested and counted in a liquid scintillation counter as previously 
described (4). Urine was also collected at  6, 12, 24, and 48 hr after 
dosing and radioactivity was determined (4). 


In the intraperitoneal dosing experiments, 14C-acetaminophen 
[150 mg/kg (20 pCi/kg)] was administered in volumes of 7 ml/kg in 
a 10% ethanol solution, but the other routes of administration, dos- 
ing solutions, and procedures were otherwise identical to those 
used in the oral dosing study. 


Urine Metabolites-Urines collected in the oral dosing experi- 
ments (0-6 hr) were chromatographed on medium flow rate chro- 
matography paper7. Urines (10 J) were applied as bands, and the 
chromatograms were developed using the alkaline paper chroma- 


7 Whatman No. 1. 
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Figure 2-Effect of aspirin (200 mglkg) upon the blood pro- 
file of intraperitoneally administered IT-acetaminophen (150 
mglkg).  Blood concentrations of radioactivity are expressed as 
micrograms of acetaminophen per milliliter of blood. Values 
are means from five guinea pigs, with differences at 1 ,1 .5 ,  and 2 
hr being significant at  p < 0.05. 


tography system described by Shahidi (5, System C). The devel- 
oped chromatograms were serially sectioned into 1-cm strips and 
radioactivity was determined by liquid scintillation counting. 


Tissue Distribution-While employing the dosage regimen used 
in the intraperitoneal blood profile study, levels of radioactivity 
were estimated in duplicate blood, plasma, kidney, and liver sam- 
ples collected 90 min following 14C-acetaminophen administration. 
A previously described method for preparing samples for liquid 
scintillation counting was used (4). In the case of bile, 10-pi sam- 
ples were treated similarly to blood fgr estimation of radioactivity. 


Levels of I4C in the intestinal contents were determined by mak- 
ing the intestinal contents and washings to a constant volume of 10 
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Figure 3-Effect of aspirin .(ZOO mglkg) upon the cumulative 
urinary excretion of orally administered 14C-acetaminophen 
(150 mglkg).  Values are means from five guinea pigs. A statis- 
tical difference of p < 0.05 was observed only at  12 hr. 
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Figure I-Urinary excretion of acetaminophen and its metab- 
olites in guinea pigs orally dosed with 1Cacetaminophen (150 
rnglkg). Values are means from five animals per group + SE. 


ml with distilled water. Duplicate 0.5-ml aliquots were then dried 
in scintillation vials; the residue, digested with 1.0 ml of tissue di- 
gestants, was treated similarly to kidney and liver tissues. 


Bile Duct and Ureter Cannulations-A median incision just 
below the xiphisternum was made in the abdomen of ether-anes- 
thetized male guinea pigs. The common bile duct was exposed and 
surgical thread was positioned under the duct. A small incision was 
made in the upper part of the duct; polyethylene tubin? was in- 
serted upward and tied into place. After stitching the abdominal 
incision, animals were placed in restraining cages and allowed to 
recover from the anesthesia. 


Following recovery (at least 1 hr), animals were treated with acet- 
aminophen and aspirin or gum tragacanth; the intraperitoneal 
dosage regimen used in the blood profile experiment was em- 
ployed. Blood and bile were collected every 15 min for 180 min, 
and the concentration of radioactivity was determined by liquid 
scintillation counting using 10-pl samples. 


In another group of animals, the left ureters were similarly ex- 
posed and cannulated while the right ureters were ligated close to 
the kidneys. Following recovery from anesthesia, animals were 
treated according to the intraperitoneal dosage regimen. Blood and 
urines were collected every 15 min, and the levels of I4C in blood 
(10 pl) and urine (total) were determined as previously described 
(4). 


RESULTS 


Blood concentrations of radioactivity in treated and control ani- 
mals dosed by the oral route are shown in Fig. 1. Animals pretreat- 
ed with aspirin showed a 30-min delay in peaking of blood levels of 
radioactivity; only at  1.5, 2, and 4 hr did pretreated animals show 
significantly higher 14C blood levels than did controls. A closer ex- 
amination of the blood profiles indicated that aspirin did not 
change the half-life of 14C-acetaminophen (T1/2 = 1.40 hr, control; 
T1/2 = 1.39 hr, aspirin pretreatment), but the total areas under the 
blood profile curves were significantly greater in pretreated ani- 
mals (350.4 pglml X hr) than in controls (235.8 pg/ml X hr). 


Initially, these results were attributed to inhibition of acetami- 
nophen absorption from the GI tract by aspirin. An intraperitoneal 
study, in which acetaminophen was administered intraperitoneally 
while aspirin pretreatment was given orally, resulted in a blood 
profile (Fig. 2) similar to that obtained in the oral study (Fig. 1). 
This suggested that the delay in the blood profile was not caused 


8 Soluene, Packard Instrument Co., Downers Grove, Ill. 
PE-50, Clay-Adams, New York, N.Y. 
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Figure 5--Tissue distribution of radioactivity i n  control and 
aspirin-pretreated guinea p igs .  Concentration is expressed a s  
micrograms of acetaminophen per  milliliter or gram of tissue. 
Values are means of five animals per  group f SE. 


by an inhibition of absorption due to a chemical interaction be- 
tween the two chemicals in the GI tract. 


The cumulative urinary excretion in orally dosed animals is pre- 
sented in Fig. 3. Only a t  12 hr did aspirin-pretreated animals ex- 
crete a significantly lower percentage of the administered dose 
than did controls. At the other time periods studied, the same 
trend was observed, although statistical significance at the 0.05 
probability level could not be demonstrated. 


Paper chromatography of the 0-6-hr urine samples collected 
from the oral dosing experiments separated the radioactivity into 
four distinct peaks, identified by Rf values from a previous study 
as the glucuronide, mercapturate, sulfate, and free acetaminophen 
(1). As shown in Fig. 4, the major metabolite in the urines of both 
treated and control guinea pigs was the glucuronide, which repre- 
sented at least 90% of the total radioactivity excreted. Pretreat- 
ment with aspirin caused only a slight, but significant, increase in 
the percentage of mercapturate excreted in the urine. 


A tissue distribution study of radioactivity (Fig. 5) showed that 
blood, plasma, and kidney levels of radioactivity were statistically 
higher in aspirin-pretreated animals than in controls. Livers 
showed the same trend, although the difference was not signifi- 
cant. The level of radioactivity in the intestinal contents and bile 
of aspirin-pretreated and control animals did not differ statistical- 
ly, although the trend was for the control group to possess higher 
levels of 14C than the pretreated group, suggesting that aspirin was 
inhibiting the biliary excretion of acetaminophen. A comparison of 
the cumulative biliary 14C excreted in 180 min with the total area 
under the blood profile curve for the same period gave ratios for 
aspirin-pretreated animals that did not statistically differ from 
control ratios. However, a statistical difference was demonstrated 
in the bile to blood ratio of radioactivity a t  60 min. Three control 
guinea pigs possessed a 7.07 f 0.82- (mean f S E )  fold higher con- 
centration of 14C in the bile than in the blood, while three treated 
animals gave a ratio of 3.47 f 0.40. 


Because biliary excretion over the 3-hr period studied accounted 
for only 3-10% of the dose administered while urinary excretion 
over 6 hr accounted for as much as 50-60% (Fig. 3), the effect of as- 
pirin on the urinary excretion of acetaminophen in ureter-cannu- 
lated animals was examined. Blood and urine were collected every 
15 rnin for a total of 180 min. Cumulative radioactivity excreted in 
180 min in the urine over the total area under the blood profile 
curve for the same period gave a mean ratio of 1.22 f 0.08 for four 
control animals, which was significantly greater than 0.85 f 0.07, 
the mean ratio obtained from six aspirin-pretreated animals. 


DISCUSSION 
The combi.nation of orally administered aspirin and acetamino- 


phen appeared to reduce the rate of acetaminophen absorption 
during the absorptive phase (Fig. 1). Despite the slower rate of ab- 
sorption, peak blood levels of radioactivity were comparable in the 
control and aspirin-pretreated animals. Similarly, comparable 
peak blood levels of radioactivity were observed in the intraperito- 
neal study for the treated and control groups (Fig. 2). 


Data from the urinary metabolite study (Fig. 4) indicated that 
aspirin had no effect upon the sulfation or glucuronidation of ace- 
taminophen in guinea pigs, an observation previously reported for 
humans (2). A significant increase in the percentage of mercaptur- 
ate excreted in the urines of aspirin-pretreated animals was ob- 
served. Since this metabolite only accounted for 1-3% of the I4C in 
the urine samples, the difference in metabolism between treated 
and control animals was not considered a likely contributor to the 
observed effect of aspirin on the blood profile of radioactivity. 


The most significant effect of aspirin was the short-term effect 
on biliary and urinary excretion of radioactivity. Bile to blood ra- 
tios were significantly lower in aspirin-pretreated animals, suggest- 
ing that plasma clearance of acetaminophen by the liver was being 
inhibited by the pretreatment. Since differences in the major me- 
tabolites in the urine could not be demonstrated (Fig. 4), reduction 
in clearance could not be attributed to the inhibition of hepatic 
metabolism as previously reported for the rat (1). The 180-min cu- 
mulative urinary excretion of 14C, adjusted for differences in blood 
levels of radioactivity, indicated that excretion by the kidney was 
also being suppressed by aspirin pretreatment, an effect previously 
reported for the clearance of p-aminohippuric acid from human 
plasma (6). 


Since aspirin, acetaminophen, and its major metabolites are aci- 
dic drugs excreted in part by the kidney tubules uia an active ex- 
cretory process (7,8), the most likely explanation for the observed 
interaction is a competition of both drugs for a common anionic 
excretory mechanism. Because aspirin is a stronger acid, it is pref- 
erentially excreted, resulting in higher blood levels of acetamino- 
phen. 


In humans, aspirin does not appear to inhibit the glucuronide. or 
sulfate conjugation of acetaminophen (2), but urinary excretion of 
acidic drugs is reduced (6). Since aspirin-pretreated guinea pigs 
appeared to respond similarly to humans and the proportions of 
glucuronide and sulfate resembled those in humans (9), this 
species probably would serve as a better animal model than the rat 
for further toxicological studies. 
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Table I-Effects of Various Parabens and p-Hydroxybenzoic Acid on Phenol Formation in the 
Presence of Single or Combined Cell Suspension as Enzyme Sourcee 


Substrate, 12 pmoles (1.2 mM) 


Microorganisms No p-H ydroxy- Methyl- Ethyl- Propyl- Butyl- 
Added (Strain) Substrate benzoic Acid paraben paraben paraben paraben 


- - - 3 0 1 1 . 4  0 


0 4 0 0 
0 5 0 0 


12.2 
- - - 
- - - 


- - - 9 . 4  
10.0 9 . 0  


3 and 4 0 7 . 4  


- - 9 . 4  
9 . 7  9 . 3  


0 


- 3 and 5 0 9 .9  


4 and 5 0 0 
3, 4, and 5 0 8 . 3  8 . 5  9 .1  8 . 8  8 . 9  


9 . 8  9 . 7  9 .9  9 . 6  9 . 3  


- - - 


Each figure in the table shows the amount of phenol formed (micromoles). Reaction conditions were those given in Fig. 1, except that each viable cell count 
of strains 3,4, and 5 added was 5.9 X 10:0,1.3 X 1010, and 2.1 X 1010, respectively, in a final volume of 10 ml. 


has also been studied intensively by many investiga- 
tors (6-lo), who found that it catalyzes direct split- 
ting of alanine from tyrosine to form phenol. In our 
studies with tyrosine as the substrate in place of al- 
kylparabens, however, phenol was not produced. 


Various alkylparabens are used or prescribed to 
prevent proliferation of contaminated microorga- 
nisms in pharmaceutical preparations. However, P. 
aeruginosa (NCTC 7244) -was found to utilize alkyl- 
parabens as a carbon source and to grow well in an 
eye drop solution containing them (11). Furthermore, 
as described in the present communication, microor- 
ganisms such as strain 3 (K. aerogenes) metabolize 
p -  hydroxybenzoic acid into phenol under restricted 
nutritional conditions. 


Pseudomonas or Klebsiella species and other orga- 
nisms have been isolated from various nonsterile 
pharmaceutical or cosmetic preparations and the 
production environment (12). It  also has been shown 
that serious spoilage of drugs is brought about by 
these microorganisms. Although the mechanism of 
deterioration has not been elucidated from the stand- 
point of bacteriological metabolism, this communica- 
tion presents a typical example concerning drug dete- 
rioration by microorganisms. 
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Antiviral Activity of Gossypol and 
Apogossypol 


Keyphrases 0 Gossypol-screened for antiviral activity Apo- 
gossypol-screened for antiviral activity Antiviral activity-gos- 
sypol and apogossypol 


To the Editor: 


The pigment gland of the cotton seed contains an 
array of organic compounds including gossypol (I), 
which has been demonstrated to have antibacterial 
(11, antiviral (2-4), and antitumor (5) activities as 
well as mammalian toxicity (6, 7). Apogossypol (II), 
which has lower mammalian toxicity, is formed by 
deformylation of gossypol with base (8). The fol- 
lowing report of preliminary findings establishes that 
apogossypol retains the potent antiviral activity of 
gossypol. 


Gossypol can inactivate influenza virus infectivity 
in oitro, and influenza virus inactivated by treatment 
with gossypol was given to mice with a resultant 96- 
100% protection rate (2-4). Since little is known 
about either the mechanism of action or the activity 
spectrum of gossypol, an investigation of the in uitro 
inactivation of viruses by this compound and the less 
toxic apogossypol was initiated. 
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The toxicity of gossypol’ and apogossypoll for 
HEp-2 cell cultures was determined to delineate the 
concentrations of gossypol that could be utilized in 
the antiviral assays. The HEp-2 cell cultures were in- 
cubated for 1 hr with varying concentrations (0.5-20 
pg/ml) of gossypol in Hank’s balanced salt solution; 
this solution then was removed and replaced with 
maintenance medium (Eagle’s minimum essential 
medium containing 2% heat inactivated fetal calf 
serum). The cell cultures were observed for cytopath- 
ic effect and cell viability. 


M )  
and lower were not toxic for the HEp-2 cells, whereas 
cells incubated with gossypol at concentrations of 10 
pg/ml and higher exhibited a rapid toxic effect ac- 
companied by a decrease in cell viability. Under 
these conditions, apogossypol gave no indication of 
toxicity to HEp-2 cells a t  a concentration of 50 pg/ml 


The antiviral activity of gossypol was assayed 
against polio virus, parainfluenza-3 virus, and herpes 
simplex virus, and the antiviral activity of apogossy- 
pol was determined against poliovirus and herpes 
simplex. Virus suspensions in Hank’s balanced salt 
solution were incubated for 30 min a t  25’ with gossy- 
pol or apogossypol; samples then were removed at in- 
tervals and assayed for infectivity by determining the 


Gossypol concentrations of 5 pg/ml (9.6 X 


(1.14 x 10-4 M I .  
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2 
G 90 - 
a 95 - L 
a 99 - 


+ 


98 - 
2 - 


99.9 1 i \  
m 


99.99 I , i 


5 10 50 
lo6 X MOLEWLITER 


Figure I-Dose-response curves for gossypol (a) and apogossy- 
pol (A). Data for gossypol are averages of two independent deter- 
minations (three replicates per determination). Data for apogos- 
sypol are averages of four independent determinations (three 
replicates per determination). 


1 Samples of gossypol (as the acetic acid complex) were provided by Dr. 
Walter Pons of the U.S. De artment of Agriculture and by Dr. Harold Lewis 
of Cotton Inc. These sampts were converted to free gossypol and recrystal- 
lized three times from chloroform, mp 199-200’ [lit. (9) 20O0]. Apogossypol 
was synthesized by the method of Clark (8) and stored in sealed (vacuum) 
tubes until assayed. 


number of plaque-forming units per milliliter (10). 
Parainfluenza-3 and herpes simplex were inactivated 
by incubation with apogossypol; however, there was 
no apparent activity exerted against poliovirus by ei- 
ther agent. As shown in Fig. 1, the potency of apogos- 
sypol against herpes simplex is somewhat less than 
that of gossypol. 


Although the compounds have similar structures, 
the nature of the viral inactivation differs. This dif- 
ference is reflected by the different slopes of the 
dose-response lines and the ability to inactivate the 
virus totally. Apogossypol can inactivate the virus 
completely (no plaque-forming units observed) a t  
concentrations above 12.5 pg/ml (2.86 X M )  
with no apparent toxicity to the HEp-2 cell cultures. 
Gossypol can decrease the number of plaque-forming 
units by a factor of lo5, but the concentration re- 
quired is also toxic to the HEp-2 cells. This toxicity 
probably accounts for the nonlinearity of the dose- 
response line at  gossypol concentrations greater than 


Since the host cell would tolerate concentrations of 
gossypol and apogossypol that were antiviral in uitro, 
experiments were performed to determine whether 
treatment with gossypol could affect intracellular 
replication. Cell monolayers were infected with 
herpes simplex to produce approximately 100 
plaquedplate. A t  the indicated intervals, 1 ml of 
Hank’s balanced salt solution containing 5 pg of gos- 
sypol was added to each of three infected monolayers 
and incubated at  25’ for 1 hr. Figure 2 shows that the 
antiviral effect of gossypol was apparent only during 
the initial stages of adsorption. Incubation with gos- 
sypol did not alter the result of infection after the 
virus entered the cell2. Similar results were observed 
using apogossypol in a concentration of 25 pg/ml. 


10-5 M. 


These experiments demonstrate that: 
1. Apogossypol is considerably (at least 10-fold) 


less toxic to HEp-2 cells in culture than is gossypol. 
2. Apogossypol and gossypol both inactivate the 


enveloped virus parainfluenza-3 and herpes simplex 
in uitro. 


3. The nonenveloped poliovirus is not affected by 
either agent. 


4. Incubation of infected cells with gossypol or ap- 
ogossypol does not alter subsequent plaque forma- 
tion, indicating that the antiviral effect does not 
occur within the cell. 


The molecular mechanism of viral inactivation by 
these compounds has not been determined. The pres- 
ence of the reactive aldehyde substituents, which 
might react with free amino groups of proteins, has 
been postulated to be of importance in the biological 
activity of gossypol, including the mammalian toxici- 
ty (6). Likewise, previous investigators showed that 
gossypol inhibits the conversion of pepsinogen to 
pepsin by forming an imine with the c-amino group of 
a lysine residue in pepsinogen (11-13). While a simi- 


* The time required for the virus to enter the cell was established in a sim- 
ilar experiment using antiherpes serum rather than gossypol or apogossypol 
to inactivate the virus. 
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Figure 2-Plot of time between inoculation with herpes simplex 
and treatment with gossypol (5 pglml) versus the plaque-forming 
units observed. Key: ., control; and @, gossypol treated. 


lar mechanism may be operative in viral inactivation, 
it does not appear likely due to the good activity of 
apogoss ypol. 


An alternative mechanism of antiviral activity 
could be that these compounds bind to the virion en- 
velope and cause the subsequent destruction of the 
integrity or loss of the envelope. If the membrane is 
the site of action, the basis for the selective toxicity 
to the viral particle might result from the structural 
differences between the envelope membrane of 
herpes and the outer membrane of the host cell (14). 
An alternative basis of the selective toxicity to the 
viral particle might be that the host cell has the ca- 
pacity to repair membrane damage or inactivate gos- 
sypol and apogossypol. The viral particle, which is 
metabolically dormant, would not be expected to 
have either of these capabilities. 
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Demonstration of Claimed 
“Controlled-Release” Properties of a 
Drug Formulation 


Keyphrases Controlled-release propertiesof drugformulations- 
claimed uersus actual, blood level profiles compared to “plain-re- 
lease” blood level profiles Timed-release formulations-claimed 
versus actual “controlled-release” properties, blood level profiles 
compared to “plain-release” blood level profiles 


To the Editor: 


The concept of a “controlled-release” formulation 
of a drug is, by now, a familiar one. The basic idea is 
that of delaying or prolonging the in uiuo release of 
an orally administered drug. Controlled-release for- 
mulations are often termed “slow release,” “sus- 
tained release,” or “delayed release.” The advantages 
of such formulations are obvious; a sustained-release 
formulation, for example, which prolongs blood levels 
over a greater period and eliminates high peaks of 
drug concentration, allows the possibilities of less fre- 
quent dosing and the elimination of side effects relat- 
ed to peaks in the blood level profile. 


Two questions might reasonably be asked con- 
cerning a purportedly controlled-release formulation. 
First, is it efficacious in the dosage schedule recom- 


0.05 t 
I I I I I 


H O U R S  
0.00 1 2 3 4 5 6 7 8 9 1 0  


Figure 1-Illustratiue blood level curves. Key: - - -, controlled- 
release formulation; and -, plain-release formulation. 
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parent permeability coefficient. The ratio of the surface area to  the 
volume of solution is 0.66. 


Absorption experiments were carried out with three rabbits (Ta- 
bles 11-IV). For Rabbits I and 3, the experiments were carried out 
and continued up to the 5th day with two successive runs each day. 
For Rabbit 2, there were some difficulties with the anesthesia on 
the 3rd and the 4th days so that experiments on these days were 
not performed. The data show overall good reproducibility of the 
method. Both the animal-to-animal and the day-to-day variations 
were statistically insignificant. Consequently, the method should 
be useful in carrying out quantitative experiments on a single rab- 
bit as well as with a set of animals. 


Effects of pH and Buffer Species on Permeabili ty of Vagi- 
nal Membrane-For studies on the vaginal absorption of weak 
electrolytes, knowledge of the possible adverse effects of pH and 
buffer species on the integrity and permeability characteristics of 
the membrane is required. These effects were quantitatively as- 
sessed by absorption experiments utilizing n-butanol as the refer- 
ence. The buffer systems employed are listed in Table V. 


As can be seen in Table VI, the apparent permeability coeffi- 
cient of n-butanol was the same at pH 3.0 with the phthalate buff- 
er and a t  pH 6.0 and 8.0 with the phosphate buffers. In comparison, 
the average Papp values for the citrate buffer systems tended to be 
greater and those for the borate buffers were consistently lower. 
Although there were wider variations in the experimental results 
with the tromethamine buffer as compared to the variations with 
the other buffers at various pH, the average Papp was higher than 
the PaPp for the phthalate and phosphate buffers. The pH of all 
buffer solutions changed no more than 0.1 unit in 1 hr. 


Although it is not explicit in Table VI, the tabulations of the 
permeability coefficients are the overall results of crossover experi- 
ments involving pH and buffer systems. The crossover experi- 
ments gave reproducible and consistent results. As one example, 
an absorption experiment carried out a t  pH 6.0 with the phosphate 
buffer gave a higher Papp than that of an immediate followup ex- 
periment a t  pH 9.8 with the borate buffer on the same rabbit 
(Table VII). The result was the same when the order of the experi- 
ments was reversed. 


These results show that the membrane is affected by both pH 
and buffer as adjudged by its permeability to n-butanol. There ap- 


pears to be little effect on the membrane when phthalate and 
phosphate buffers are used. The citrate and borate buffers and, 
perhaps, the tromethamine buffer do affect membrane perme- 
ability. However, these effects upon the membrane appear to be 
reversible and not related to the integrity of the membrane. 
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Timed Release from Polymeric Films Containing 
Drugs and Kinetics of Drug Release 


M. DONBROWX and M. FRIEDMAN 


Abstract The preparation of cast films of ethylcellulose con- 
taining caffeine and salicylic acid is described. These films exhibit 
timed release of drugs. Release rates were found to agree with both 
the classical first-order equation (log drug retained against time) 
and diffusion-controlled release models, as exemplified by Higu- 
chi’s equations (drug release linearly related to square root of 
time). Mathematical analysis of the data shows that the release be- 
havior actually conforms with the diffusion-controlled model. Lit- 
erature results, reported as first order, for the release of cetylpyri- 
dinium chloride and benzalkonium chloride from polyamide films 
were analyzed similarly and shown to be diffusion controlled. Rec- 
ommendations are made for presentation and routine treatment of 


drug release data to avoid ambiguity and provide useful biophar- 
maceutical information. 


Keyphrases 0 Ethylcellulose films containing caffeine or salicylic 
acid-timed release, first-order and diffusion-controlled models 
discussed Timed release of caffeine or salicylic acid from ethyl- 
cellulose films-first-order and diffusion-controlled models dis- 
cussed 0 Drug release from polymeric films-first-order and diffu- 
sion-controlled mechanisms discussed Polymer films containing 
drugs-kinetics of drug release, first-order and diffusion-con- 
trolled models discussed 


The methods previously used in achieving timed- 
release formulations of drugs may be related to four 
types of processes: (a) coating the drug or prepara- 
tion, (b) embedding the drug in fatty, plastic, or hy- 


drophilic matrixes, (c) binding the drug to an ion- 
exchange resin, or (d)  forming a complex or other 
chemical derivative of the drug (1). The possibility 
exists that incorporation of the drug into a polymer 
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Figure 1-Apparent first-order release profile for caffeine. 
Key (caffeine content of film): 0,5%; A, 10%; and H, 15%. 


film during its production might yield a useful new 
class of timed-release preparation. Such films have 
not been described for peroral use, but Sciarra and 
Gidwani (2, 3) investigated the preparation of such 
films for aerosol application to the skin and proposed 
kinetics for the release of gentian violet, cetylpyridin- 
ium chloride, and benzalkonium chloride, which were 
used as model drugs. 


The present authors investigated the permeability 
of mixed films of ethylcellulose to caffeine (4) and 
salicylic acid. This report describes the preparation 
of cast films containing these drugs and the release 
patterns of these drugs from the films investigated. 
The applicability of the models of Higuchi (5) and 
Sciarra and Gidwani (2, 3) to the kinetics of release is 
examined. 


THEORETICAL 


The factors determining drug release rates are of particular im- 
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Figure 2-Apparent first-order release profile for salicylic 
acid. Key (salicylic acidcontentof film): @, 5%; A, 10%; and 
B, 15%. 


portance in the formulation and production of timed-release prep- 
arations. To control these factors, it is necessary to determine the 
correct equation for the release patterns observed and to investi- 
gate the effects of changing the parameters in the equations upon 
the kinetics of release. 


For film-incorporated drug, classical diffusion models would 
seem to be applicable (6). Higuchi (5) developed equations for lin- 
ear and spherical diffusion-controlled release of drugs from insolu- 
ble solid wax or plastic matrixes. Where the drug is removed from 
a slab of matrix by a leaching process, the amount of drug, Q, liber- 
ated per unit surface area of matrix into the external medium in 
time t is given by the equation: 


Q = j j D ( 2 A  - tC,)C,t (Eq. 1 )  


where A = initial drug concentration in the matrix; C, = the solu- 
bility and D = the diffusion coefficient of the drug in the leach- 
ing medium, respectively; t = porosity; and T = tortuosity of the 
matrix. Higuchi’s equation was found to be applicable in several 
studies (7-10) on wax-embedded and similar products and would 
appear to be a possible model for the behavior of film-incorporated 
drugs. 


However, Sciarra and Gidwani (2, 3) based their treatment on 
the Noyes-Whitney law and reported that the release pattern from 
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Table I-Film Preparat ion a n d  Composition 
~~~ 


Composition of Film- 
Forming Solution- D r u g  


Concen- 
Ethyl- t ra t ion 


cellulose, Drugh, in Films, Me thod  of F i l m  
% w/v % w/v % w/w Preparat ion (12) 


9 .5  0 . 5  5 Glass substrate  
9 .0  1 .0  10 Glass substrate 
8.5 1 . 5  1 5  Glass substrate  


a The solvent was chloroform. * Salicylic acid or caffeine. 


their polymer films agreed with the now classical, first-order re- 
lease equation: 


kt  lwA = logAo - __ 
2.303 (Eq. 2) 


in which A = quantity of drug remaining in the film a t  time t ,  and 
A0 = initial quantity of the drug in the film. This form of release 
has been found applicable to many other kinds of timed-release 
preparations (1 1). 


Although it is conceivable that release may be diffusion con- 
trolled in some systems and dissolution controlled in others, de- 
pending on parameters such as the permeability of the polymer to  
water, the solubility of the drug in the polymer and in water, and 
the particle size of the drug, dissolution control would not be ex- 
pected to be a normal feature of timed release a t  low fluxes of drug 
and water. In this study, the applicability of the two models is in- 
vestigated for two drugs having similar molecular weights and 
solubilities in water but vastly different affinities toward organic 
substances and solvents. 


EXPERIMENTAL 


Preparat ion of Films-The films were prepared by the tech- 
niques of Kanig and Goodman (12). Their composition and the 
method of preparation are given in Table I; 10% solutions of mixed 
solids were used. 


Determination of D r u g  Concentration in Films-The initial 
drug concentrations in the films were determined spectrophoto- 
metrically using samples of the films dissolved in chloroform. Ref- 
erence standard solutions of the drugs were prepared using the 
same solvent. No interferences due to the ethylcellulose occurred 
at the wavelengths of measurement: 273 nm for caffeine and 296 
nm for salicylic acid. 


Determination of Release Rate-Membranes were attached 
using an adhesive' to the rim of a cylindrical sintered-glass funnel 


4 8 12 16 20 
MINUTES'/! 


Figure 3-Apparent diffusion-controlled release profiles, 
according to Higuchi's model (Eq. I ) ,  for caffeine. K e y  (caf- 
feine inf i lm):  0 ,5%;  A, 10%; and H, 15%. 


~~ 


Silicone pressure-sensitive adhesive, Dow Corning Corp., Midland, 
Mich. 
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Figure 4-Appamnt diffusion-controlled release profiles, 
according to Higuthi's model (Eq. I ) ,  for salicylic acid. Key  
(salicylic acid in film): 0, 5%; A, 10%; and 8.15%. 


(diameter 3.29 cm), which gave a film area of 33.98 cm2. The in- 
verted funnel was immersed in water at 37", the water being mixed 
and circulated through a 1-cm flowcell in the spectrophotometer2 
using a polystaltic pump3 operated at a flow rate of 20 ml/min. 
The film thickness was within 72-76 pm and film weight was 276- 
296 mg. The total volume of water used was 400 ml. Each experi- 
ment was performed in triplicate, and the mean calculated results 
were reproducible to within 1.5% of the mean. 


RESULTS AND DISCUSSION 


Figures 1 and 2 show that both caffeine and salicylic acid appear 
to give first-order release patterns. The initial curvature can be at- 
tributed to the presence of surface drug and can be ignored. 


From these figures i t  is also seen that the rate constant remains 
relatively constant with change in concentration of the drug in the 
film; this fact is in agreement with a first-order release model. 
However, when the amounts of drug released were plotted against 
the square root of time, straight lines were also obtained (Figs. 3 
and 4). These linear plots appear to indicate that drug release in 
these systems is diffusion controlled, in accordance with Higuchi's 
equation. Furthermore, the increase in the release rate as the 
quantity of drug in the film is increased also agrees with this 
model. 


Since both first-order and square root of time plots are accept- 
ably linear, a more stringent test was needed to distinguish be- 


I I I I I I I I 
0.12 0.16 0.20 0.24 0.28 


1/G" 


Figure 5--Plot of release rate against reciprocal of amount of 
drug released, Q'. Key:  0, 10% caffeine in film; and A, 10% 
salicylic acid in film. 


Unicam SP 1800, Pye Unicam Ltd., Cambridge, England. 
Buchler Instruments, Inc., Fort Lee, N.J. 
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Figure 6-Apparent diffusion-controlled release profiles, 
according to Higuchi's model (Eq. 1). Key (for cetylpyridinium 
chloride): ., Fig. 7C of Ref. 3; and 0, Fig. 7B of Ref. 3. Key 
(for benzalkonium chloride) : 0, Fig. 9B of Ref. 3; and A, Fig. 
9D of Ref. 3. 


tween the mechanisms. A suitable treatment was developed based 
upon use of predicted rate equations corresponding to  Eqs. 1 and 2 
(13). For the diffusion-controlled mechanism, the rate will be in- 
versely proportional to the total amount of drug released, Q', in ac- 
cordance with Eq. 3: 


&z=- K2S2 
d t  2 Q  (Eq. 3)  


where Q = QS ( S  = surface area of film). Then: 


(Eq. 4) 
De 


K = [ 7 ( 2 A  - cC,<)C, 


The rate predicted by first-order kinetics, however, is given by: 


d Q' dt = k A ,  - kQ' 


where A = A0 - Q .  This indicates that the rate is proportional to 
Q rather than inversely proportional as predicted by the diffusion 
model. 


The rates of release were determined by measurement of the 
slopes of Q uersus time curves. The two mechanisms were clearly 
differentiated by plots of rates as functions of Q and of l/Q, be- 
cause the plots of rate uersus 1/Q proved to be linear (Fig. 5) and 
those of rate uersus Q curved throughout the whole of the release 
period, indicating that the process is diffusion controlled. This 


2 4 6 8 10 12 
1/01 x 10 


Figure ?-Plot of release rate of benzalkonium chloride from 
polyamide films against reciprocals of amount released, Q'. 
Key (for benzalkonium chloride): A, Fig. 9D of Ref. 3; and 
0, Fig. 9B of Ref. 3. 


conclusion was substantiated by the use of Eq. 6, the logarithmic 
form of Eq. 1: 


l o g Q  = logK' + 112 logt ( GI. 6)  


where K' = (K)(S). 
Plots of log Q against log t were linear and the slope was 0.5 for 


both drugs, confirming the diffusion model. 
It is a matter of some interest to know whether the mechanism 


of release from polymer films varies according to the type of drug 
incorporated. Since Sciarra and Gidwani's (2, 3) results were ob- 
tained using the salts cetylpyridinium chloride and benzalkonium 
chloride, which are considerably more water soluble than caffeine 
and salicylic acid and form micelles, it seemed possible that a dif- 
ferent mechanism might indeed be operative. 


However, a replot of their results (Ref. 3, Figs. 7B, 7C, 9H, and 
9D) showed linearity in the relationship between the quantity of 
drug released from the film and the square root of time (Fig. 6), so 
that the diffusion model also describes their results. That this 
model is the correct one for the release of cetylpyridinium chloride 
and benzalkonium chloride from the films was demonstrated by 
rate plots, which showed unequivocally that the rate was inversely 
and not directly proportional to Q (Fig. 71, and by log-log plots, 
which gave slopes of 0.5, showing that the release mechanism was 
the same as for caffeine and salicylic acid. 


The apparent first-order pattern observed probably reflects the 
use of a medicinally reasonable period for the study rather than a 
period sufficiently long to produce significant exhaustion of the 
film contents, which would be necessary for testing the physical 
mechanism of release. It is recommended that in all partial drug 
release studies, the rate plots against Q' and l/Q and the log-log 
plots used in the present work should be applied routinely where 
the mechanism of releask is of interest. Moreover, Q uersus t or 
t ' I2 plots or data should always be given to indicate the actual re- 
lease pattern, since first-order plots showing log of drug retained in 
the product, even when linear, do not give the requisite informa- 
tion for predicting accurately the drug release over the full range of 
the dosage present. 
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Chemical Constituents of Gentianaceae XIV: 
Tetraoxygenated and Pentaoxygenated Xanthones of 
Swertia purpurascens Wall. 


S. GHOSAL’, P. V. SHARMA, R. K. CHAUDHURI, and 
S. K. BHATTACHARYA* 


Abstract The whole plant of Swertia purpurascens Wall. (Gen- 
tianaceae) has been shown to contain five tetraoxygenated and 
three pentaoxygenated xanthones. These are identified as 1,5,8- 
trihydroxy-3-methoxyxanthone, 1,3,8-trihydroxy-5-methoxyxan- 
thone, l-hydroxy-3,7,8-trimethoxyxanthone, 1,3,7,8-tetrahydrox- 
yxanthone, 1,3,5,8-tetrahydroxyxanthone, and l-hydroxy-3,4,7,8- 
tetramethoxyxanthone by chemical and spectral evidence. Addi- 
tionally, the crude mixture of natural xanthones has been shown to 
include two partially methylated pentaoxygenated xanthones as 
minor entities, which yield l-hydroxy-3,4,7,8-tetramethoxyxan- 
thone and I-hydroxy-3,4,5,8-tetramethoxyxanthone on methyl- 
ation. This is the first time that pentaoxygenated xanthones have 
been found in a member of the genus Swertia. l-Hydroxy-3,4,7,8- 
tetramethoxyxanthone was previously known only as a synthetic 
compound. The total xanthones of S. purpurascens produce sig- 
nificant CNS stimulant actions, consistent with some therapeutic 
uses of the plant extract in the Indian system of medicine. The 
chemotaxonomic significance of the cooccurrence of various 
biogenetically related chemical characters in a single plant species 
is appraised. 


Keyphrases Swertia purpurascens Wall. (Gentianaceae)-five 
tetraoxygenated and three pentaoxygenated xanthones isolated 
and identified, screened for pharmacological activity 0 Gentiana- 
ceae-chemical constituents, five tetraoxygenated and three pen- 
taoxygenated xanthones isolated and identified from S. purpuras- 
cens, screened for pharmacological activity Xanthones, tetraox- 
ygenated and pentaoxygenated-isolated and identified from S. 
purpurascens, screened for pharmacological activity 0 Medicinal 
plants-isolation and identification of tetraoxygenated and pen- 
taoxygenated xanthones from S. purpurascens, screened for phar- 
macological activity 


~~ ~ 


Swertia purpurascens Wall. (Gentianaceae) is 
widely distributed in India in the temperate North 
Western Himalayas, 1524-3658 m (5000-12,000 f t ) ,  
from Kashmir to Kumaon. The plant is used in the 
Indian system of medicine as a substitute for Swertia 
chirata Buch.-Ham. (1). 


In a recent paper (2), isolation and characteriza- 


Table I-Glucoxanthone a n d  Glycoflavones Occurring in 
the Genera Swertia a n d  Gentianaa 


Species Compound Reference 


S. swertopsis Mangiferin (VIII) ,  15 
isovitexin ( IX) ,  homo- 


s. japonica 


S. purpuracens 
S .  chirata 
G. lutea 


orientin (X) 


japonin (XI I ) ,  swertisin 
( X I I I )  


Orientin (XI), swertia- 


Swertisin ( X I I I )  
Mangiferin (VIII)  
Mangiferin (VIII) ,  


isovitexin ( I X ) ,  iso- 
orientin (XIV)  


16 


7 
3 
17 


a Note added in proof: G. verna was recently shown to contain mangiferin 
and isoorientin. [K. Hostettmann and A. Jacotguillarmod, Helu. Chim. Acta, 
57. 1155(1974).1 


tion of three tetraoxygenated xanthone 0- glucosides 
from the water-soluble xanthone fraction of this 
plant were reported. Since xanthone-bearing plants 
generally elaborate multiple xanthones (3), the ear- 
lier investigation has now been complemented by ex- 
amination of the less polar xanthone fractions of this 
plant. This study has resulted in the isolation and 
identification of seven tetra- and pentaoxygenated 
xanthones, three of which are new naturally occur- 
ring compounds. 


Another reason for the present investigation was to 
determine the pharmacological profile of activity of 
the free xanthones on the central nervous system 
(CNS) of laboratory animals. It was earlier demon- 
strated (2-6) that, while polyoxygenated xanthones 
and a xanthone C-glucoside, mangiferin, produced 
central stimulant action (mediated via monoamine 
oxidase inhibition) (4-6), the corresponding xan- 
thone 0- glucosides and related compounds showed 
definite signs of CNS depressant action (antipsycho- 
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matogram of each of these mixtures possessed the small extrane- REFERENCES 
ous peak at 9.3 min. 


The average amount of IV in the formulations (Table IV) was 
estimated, by difference, to be 10.5%. The UV analyses (mean = 
126.1%) indicated an average “overfill” of 26.1%; therefore, the av- 
erage amount of IV in the formulation is equivalent to 8.3% of the 
total tetracyclines, expressed as I. This value is comparable to the 
7.4% found in the particular sample of I-nitrate bulk drug sub- 
stance used in this study. Close correlation was also obtained be- 
tween the results of the microbiological analyses and the total 
amount of I and I1 determined by the HSLC procedure. This find- 
ing is consistant with the fact that  111, which would be formed by 
the hydrolysis of IV, is less microbiologically active than I1 (6). 


In conclusion, the HSLC procedure provides a rapid, precise 
method for the simultaneous qualitative and quantitative analysis 
of rolitetracycline and its hydrolysis product, tetracycline, in both 
rolitetracycline and rolitetracycline nitrate formulations. A third 
component found in rolitetracycline nitrate formulations has not 
been identified conclusively, but UV and microbiological assays in- 
dicate that this compound is present a t  levels as high as 10% of 
total tetracyclines, contains a tetracycline moiety, and is compara- 
tively inactive microbiologically. A tentative identification as 4- 
epirolitetracycline is suggested. 
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Versatile Unit for Filling Gelatin 
Capsules with Drugs or Chemicals 


GEORGE R. THOMPSON and ADAM CUNNINGHAM 


Abstract A new, inexpensive device was developed for making 
individually prepared capsules that can be administered to experi- 
mental animals. The device was designed for accurate and rapid 
production of large numbers of various capsule sizes and drug dos- 
ages. During 12 months of usage, 21 capsules were prepared weekly 
for each of 44 dogs (924 total capsules) in approximately 2.5 work- 
hourdweek. Each capsule contained a precise amount of drug to 
administer a specific dosage to each individual dog. No difficulties 
were encountered in the manufacture or utilization of this device, 
and it can be operated by untrained personnel. 


Keyphrases Capsules-device for making individually prepared 
capsules, design and application 0 Gelatin capsules-rapid pro- 
duction of various capsule sizes and drug dosages, device de- 
scribed Equipment-rapid production of various capsules and 
drug dosages, design and application 


Drugs and chemicals intended for human con- 
sumption or exposure must first be evaluated for tox- 
icity in laboratory animals. The Food and Drug Ad- 
ministration and other governmental regulatory 
agencies recommend that the route of administration 


in animals corresponds to the route for proposed 
human usage (1). For subacute or chronic oral admin- 
istration of food additives, pesticides, or other mate- 
rials to rodents, the compounds can be incorporated 
into the diet. Dogs and monkeys can receive daily per 
os administration of drugs or other orally consumed 
chemicals by administration of the materials as tab- 
lets, in capsules, or by intubation of solutions or sus- 
pensions. Each of these three alternatives for drug 
administration involves significant shortcomings 
with large numbers of animals for long periods. 


Manual production of tablets or capsules requires 
considerable effort and adds unduly to the cost of an 
experiment’. Preparation of tablets or capsules with 
commercial units decreases time and cost but sacrifi- 
ces accuracy in dosage due to unit-to-unit variation 
(2, 3) and loss of the ability to adjust precisely for 


Manual preparation of 924 capsules/week for 44 dogs in a 1-year toxicity 
study could cost more than $15,800. 
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Table I-Softening T imes  of No. 13 Gelatin Capsules 


Capsule Contents Storage Temperature  Softening Time (min)., f f SD 


1.0 ml of water  
1.0 ml of water  
1.0 ml of water  
0.82 g of gelatin powder + 1.0 ml of water  
0.82 g of gelatin powder + 1.0 ml of water  
0.82 g of gelatin powder + 1.0 ml of water  


22.8" 
9.0" 


-9.0" 
22.8' 
9.0" 


-9.0' 


12.54 f 1.67 
18.50 k 2.21 
20.04 f 2.25 
25.20 =!= 2.27 
>120* 
>120c 


Mean values for five individual capsules per group. The softening time was delined as the elapsed time from i n s t i t i o n  of the water until the capsules 
became too soft for administration to animals. * These five capsules were slightly soft within 20 min, hut they were never judged toa soft for adminis- 
tration; they were only "rubbery" instead of "collapsible." e These five capsules never became soft and they were frozen within a few hours. 


short-term changes in body weights of the animals. 
This last deficiency can be partially rectified by pre- 
paring several units with different dosages and ad- 
ministering multiple units to approximate the de- 
sired dose. However, considerable accuracy in dosage 
can still be lost, and substantial time and effort are 
required to total manually the units for dosing each 
animal. In addition, commercial production of tablets 
or capsules offers cost savings only if thousands of 
units are prepared simultaneously; the units must, 
therefore, be handled and stored so that problems 
with physical instability are avoided (4). 


Gastric intubation of solutions or suspensions to  
dogs and monkeys provides an accurate dosage and is 
relatively inexpensive. However, daily intubation for 
protracted periods can produce aspiration pneumoni- 
tis (5, 6) as well as a low incidence of intubation acci- 
dents. 


DISCUSSION 


Solutions or suspensions can be accurately formulated for ad- 
ministration to animals; but when these formulations are placed in 
gelatin capsules, dissolution of the capsule is an undesirable effect. 
Capsule dissolution can be significantly retarded by cooling filled 
capsules, adding powdered gelatin to the capsule prior to addition 
of a liquid formulation, or by a combination of these two tech- 
niques (Table I). 


Cooled No. 13 capsules filled with 1.0 ml of water became too 


soft to handle within a mean time of 18.5 min when refrigerated at  
9.0" and within 20.0 min when stored a t  -9.0". Similar capsules 
stored at  ambient temperature (22.8') softened in an average of 
12.5 min. Addition of an average of 0.82 g of powdered gelatin prior 
to 1.0 ml of water resulted in a mean softening time of 25.2 min at  
ambient temperature; similarly fil-led capsules stored a t  9 O  were 
slightly soft in approximately 15-20 min, but these capsules were 
never too soft to handle. Capsules with powdered gelatin and water 
stored at  -9" never became soft and were frozen within a few 
hours. Therefore, the device was designed to add a consistent 
amount of powdered gelatin to each capsule just prior to addition 
of the drug solution. The capsules were then quickly frozen until 
needed during the next week. The drug used in these studies was 
stable in frozen capsules for more than 6 weeks. 


EXPERIMENTAL 


The details of the design and construction of the capsule-filling 
unit are illustrated in Fig. 1. The base and turntable were cut from 
scrap pieces of 2.54-cm (1-in.) oak and varnished to seal the wood 
for protection against spilled solutions and powders. Sufficient 
holes for a 1-week/animal supply of capsules were drilled into the 
turntable, and the hole diameters in various turntables were varied 
to  accommodate different capsule sizes (Table 11). The edge of the 
turntable was pitted perpendicular to each capsule hole, and these 
pits served as sites for engaging the stay. The white formica view- 


Figure 1-Schematic presentation of the unit assemblage. 
The base of the unit measured 25.4 X 30.4 cm (10 X 12 in.), 
and the thrust beuring was 10.2 x 10.2 em (4  X 4 in.). The 
diameter of the turntable was 24.76 cm (9.75 in.) Figure 2-View of the assembled unit. 
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Table 11-Physical Dimensions of Gelatin Capsules 


Capsule Maximum 
No. Length, cm Diameter, cm Volumea, ml  


13b 2.966 1 .460  2 .63 
ooc 2.324 0.840 0.93 


Od 2 .128 0 . 7 4 1  0 . 6 7  
Id 1 .905  0 . 6 7 5  0.49 
2 d  1 .800  n n 38 
3 c  
4 d  


1.617 
1 .332  


. . .~~ 


0 . 5 7 1  
0 . 5 2 3  


. 


0.28 
0 . 2 1  


a Maximum volume of water that could be placed in the bottom half of 
the capsule. Capsules 00-4. containing their maximum volumes of water, 
were too soft to handle within 1-2 min; No. 13 capsules were too soft to 
handle within approximately 12.5 min. Michigan Capsule Co. C Eli Lilly. 


Parke-Davis. 


plate offered an easily cleaned surface for checking the integrity of 
capsules before and after filling. 


The thrust bearing and wooden stay were utilized to allow easy 
and reproducible alignment of each capsule under the powder dis- 
penser2 and/or the pipet3. The powder dispenser and solution 
pipet were positioned so that they simultaneously centered over 
capsules. When capsules smaller than the No. 13 were utilized, a 
special funnel had to be attached to the bottom of the powder dis- 
penser. An extension of glass tubing was attached to the pipet to 
minimize the distance between the delivery tip and the capsule. 
The assembled unit is shown in Fig. 2. 


Volumes of formulation to be dispensed into each capsule for an 
individual animal were calculated from the weekly body weight of 
the animal, the dose to be administered, and the solution concen- 
tration. The formulation was placed in the pipet, which had been 
adjusted for the desired volume for each capsule, and the gelatin 
powder was placed in the reservoir of the dispenser. All holes in 
the turntable were then filled with the bottom half of the appro- 
priate size of capsule. The first two capsules were filled with gela- 
tin powder; but while the second capsule was filled with the pow- 
der, the first capsule was filled with the proper formulation volume 


*Uniflow model I1 powder measure, available commercially or from 
RCBS Inc., Oroville, CA 95965. This particular powder dispenser has been 
found to be extremely accurate. Ten samples at a setting for approximately 
0.82 g of powdered gelatin varied from 0.8071 to 0.8282 g with an i f SD of 
0.8202 f 0.0055. This unit may be sufficiently accurate for dispensing pow- 
dered drugs or chemicals directly into capsules, but no attempt has been 
made to investigate this possibility. 


Oxford Pipettor model P5058-2, available through various scientific sup- 
ply houses or from Oxford Laboratories, Foster City, CA 94404 


from the pipet. Therefore, as the turntable was rotated, two cap- 
sules were filled simultaneously-one with gelatin powder and one 
with drug solution onto gelatin powder. As soon as the turntable 
completed one revolution, all capsules were capped and stored in a 
freezer. Following this procedure, 21 capsules could be filled with 
gelatin powder and formulation in less than 1 min. 


SUMMARY 


This device circumvents or minimizes essentially all problems of 
dosage accuracy, physical instability of dosage units, labor costs, 
and incidental pathology. Costs for materials in this unit were less 
than $70.00, and only 10 hr was required for its construction. The 
unit can be operated efficiently by untrained personnel with little 
chance for technical error. Care and maintenance of this device are 
extremely easy, since all contaminated units or surfaces are either 
removable or openly exposed for cleaning. 


During 12 months of usage, 924 capsules were prepared weekly 
for 44 dogs, and each capsule contained a precise amount of drug 
to administer a specific dosage (on the basis of milligrams per kilo- 
gram) to each individual animal. Dosages were easily adjusted each 
week for changes in body weights of the individual dogs by adjust- 
ing the volume of drug solution pipetted into each capsule. 
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Chemical Constituents of Gentianaceae XIV: 
Tetraoxygenated and Pentaoxygenated Xanthones of 
Swertia purpurascens Wall. 


S. GHOSAL’, P. V. SHARMA, R. K. CHAUDHURI, and 
S. K. BHATTACHARYA* 


Abstract The whole plant of Swertia purpurascens Wall. (Gen- 
tianaceae) has been shown to contain five tetraoxygenated and 
three pentaoxygenated xanthones. These are identified as 1,5,8- 
trihydroxy-3-methoxyxanthone, 1,3,8-trihydroxy-5-methoxyxan- 
thone, l-hydroxy-3,7,8-trimethoxyxanthone, 1,3,7,8-tetrahydrox- 
yxanthone, 1,3,5,8-tetrahydroxyxanthone, and l-hydroxy-3,4,7,8- 
tetramethoxyxanthone by chemical and spectral evidence. Addi- 
tionally, the crude mixture of natural xanthones has been shown to 
include two partially methylated pentaoxygenated xanthones as 
minor entities, which yield l-hydroxy-3,4,7,8-tetramethoxyxan- 
thone and I-hydroxy-3,4,5,8-tetramethoxyxanthone on methyl- 
ation. This is the first time that pentaoxygenated xanthones have 
been found in a member of the genus Swertia. l-Hydroxy-3,4,7,8- 
tetramethoxyxanthone was previously known only as a synthetic 
compound. The total xanthones of S. purpurascens produce sig- 
nificant CNS stimulant actions, consistent with some therapeutic 
uses of the plant extract in the Indian system of medicine. The 
chemotaxonomic significance of the cooccurrence of various 
biogenetically related chemical characters in a single plant species 
is appraised. 


Keyphrases Swertia purpurascens Wall. (Gentianaceae)-five 
tetraoxygenated and three pentaoxygenated xanthones isolated 
and identified, screened for pharmacological activity 0 Gentiana- 
ceae-chemical constituents, five tetraoxygenated and three pen- 
taoxygenated xanthones isolated and identified from S. purpuras- 
cens, screened for pharmacological activity Xanthones, tetraox- 
ygenated and pentaoxygenated-isolated and identified from S. 
purpurascens, screened for pharmacological activity 0 Medicinal 
plants-isolation and identification of tetraoxygenated and pen- 
taoxygenated xanthones from S. purpurascens, screened for phar- 
macological activity 


~~ ~ 


Swertia purpurascens Wall. (Gentianaceae) is 
widely distributed in India in the temperate North 
Western Himalayas, 1524-3658 m (5000-12,000 f t ) ,  
from Kashmir to Kumaon. The plant is used in the 
Indian system of medicine as a substitute for Swertia 
chirata Buch.-Ham. (1). 


In a recent paper (2), isolation and characteriza- 


Table I-Glucoxanthone a n d  Glycoflavones Occurring in 
the Genera Swertia a n d  Gentianaa 


Species Compound Reference 


S. swertopsis Mangiferin (VIII) ,  15 
isovitexin ( IX) ,  homo- 


s. japonica 


S. purpuracens 
S .  chirata 
G. lutea 


orientin (X) 


japonin (XI I ) ,  swertisin 
( X I I I )  


Orientin (XI), swertia- 


Swertisin ( X I I I )  
Mangiferin (VIII)  
Mangiferin (VIII) ,  


isovitexin ( I X ) ,  iso- 
orientin (XIV)  


16 


7 
3 
17 


a Note added in proof: G. verna was recently shown to contain mangiferin 
and isoorientin. [K. Hostettmann and A. Jacotguillarmod, Helu. Chim. Acta, 
57. 1155(1974).1 


tion of three tetraoxygenated xanthone 0- glucosides 
from the water-soluble xanthone fraction of this 
plant were reported. Since xanthone-bearing plants 
generally elaborate multiple xanthones (3), the ear- 
lier investigation has now been complemented by ex- 
amination of the less polar xanthone fractions of this 
plant. This study has resulted in the isolation and 
identification of seven tetra- and pentaoxygenated 
xanthones, three of which are new naturally occur- 
ring compounds. 


Another reason for the present investigation was to 
determine the pharmacological profile of activity of 
the free xanthones on the central nervous system 
(CNS) of laboratory animals. It was earlier demon- 
strated (2-6) that, while polyoxygenated xanthones 
and a xanthone C-glucoside, mangiferin, produced 
central stimulant action (mediated via monoamine 
oxidase inhibition) (4-6), the corresponding xan- 
thone 0- glucosides and related compounds showed 
definite signs of CNS depressant action (antipsycho- 
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whole plant 


1 petroleum ether  extraction 
I 


defatted marc 


ethanol extraction 1 
alcohol concentrate 


1 4 %  aqueous AcOH 


1 -  
petroleum ether - 


mother liquor 
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J 
yellow solid 
(Fraction A) 


remove 
solvent I xanthones I and I1 
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I 


I 
yellow solid 
(Fraction D) 


aqueous acid fraction 


I ether 


ether; acid solution ether concentrate 
5% aqueous NaOH (processed for alkaloids) 


I 
phenolic fraction 
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1 
xanthones I and I1 


neutral fraction yellow solid ether mother liquor 
(Fraction C) (Fraction E) (Fraction F) 


xanthones IV, VI, and V I I  
t 


xanthones I and V 
+ t 


xanthones I11 and V I  


Scheme I-Isolation of tetra- and  pentaoxygenated xanthones of S. purpurascens 


tic action) (2-4, 6) in albino mice and rats. It was 
therefore thought worthwhile to study the pharmaco- 
logical profile of activity of the total free xanthones 
of S. purpurascens. 


The details of the chemical and pharmacological 
evaluations are incorporated in this paper. Addition- 
ally, the chemotaxonomic significance of the cooccur- 
rence of several polyoxygenated xanthones, xanthone 
0-glucosides (21, and a glucoflavone (swertisin) (7) in 
a single plant species is appraised. 


EXPERIMENTAL' 


Extraction of S. purpurascens2-The isolation of polyoxy- 
genated xanthones3 from the whole plant of S. purpurascens (1 
kg) was accomplished following the procedure shown in Scheme I. 
Dried and milled plant material was continuously extracted in a 
soxhlet apparatus with petroleum ether (bp 60-80") and then with 
ethanol (28 hr each). The two extracts were separately processed. 


Isolation of Xanthones from Petroleum Ether Extract- 
The petroleum ether extract was concentrated (about 150 ml) and 
the concentrate was kept a t  room temperature overnight when a 
yellow solid (7.4 g, Fraction A) separated. The solid was collected 
by filtration and the mother liquor was evaporated to dryness (13.5 
9). A portion of the residue (2.5 g),  from the mother liquor was dis- 
solved in ether, and the phenolic and nonphenolic constituents 
were separated by extraction with aqueous sodium hydroxide (5%, 
3 x 30 ml). The alkaline solution, after the usual workup, afforded 
a brown solid (78 mg, Fraction B). The neutral fraction was ob- 
tained as a pale-yellow solid (1.54 g, Fraction C). 


Separation of Xanthones from Fraction A-A portion of the 
solid (1.4 g) was intimately mixed with silica gel (about 10 g) and 
placed over a silica gel column (20 X 3 cm). The column was eluted 
with benzene (5 liters), and fractions were collected (100 ml). The 
middle benzene fractions, on concentration, gave a yellow solid 
(0.488 g), which was partly soluble in aqueous sodium carbonate 
(5%). The alkali-insoluble solid was filtered, washed with water, 
and dried. 


* The general directions were reported previously (2). 
2 The plant materials were collected in two lots, in June 1972 and June 


1973, by Mr. M. R. Uniyal, Survey of Indian Medicinal Plants Unit, Central 
Council of Research in Indian Medicine and Homoeopathy. Jogindernagar, 
Himachal Pradesh. Voucher specimens have been preserved at the Pharma- 
ceutical Chemistry Research Laboratory, Department of Pharmaceutics, 
Banaras Hindu University. 


3 All reported compounds showed satisfactory combustion analyses. 


Xanthone I (1,5,8-Trihydroxy-3-methoxyxanthone)-The 
alkali-insoluble solid crystallized from ethanol as shining yellow 
needles (0.312 g),  mp 270-271O. The melting point, mixed melting 
point, Rf value, and UV, PMR, and mass spectra of the compound 
were identical with those of authentic 1,5,8-trihydroxy-3-methoxy- 
xanthone (3, 8). The 5,8-dimethyl ether of the xanthone, prepared 
with ethereal diazomethane, crystallized from ethanol as pale-yel- 
low needles, mp and mixed mp 205O. 


Xanthone I1 (1,3,8-Trihydroxy-5-methoxyxanthone)-The 
xanthone from the aqueous sodium carbonate-soluble fraction was 
liberated with hydrochloric acid and extracted with chloroform. 
The residue (0.102 g) from the chloroform extract crystallized from 
ethanol as yellow needles, mp 263-265O. The melting point, mixed 
melting point, Rf value, and UV, PMR, and mass spectra of the 
compound were identical with those of authentic 1,3,8-trihydroxy- 
5-methoxyxanthone (3, 8). The 1,3,8-trimethyl ether, prepared 
with dimethyl sulfate and potassium carbonate in anhydrous ace- 
tone (46 hr), crystallized from ethanol as colorless needles, mp 
209-210'. The melting point, mixed melting point, and Rf  value 
were identical with those of 1,3,5,8-tetramethoxyanthone. 


Separation of Xanthones from Fraction B-The phenolic 
constituents (78 mg) showed six major spots with analytical TLC. 
Preparative layer chromatography of this fraction afforded further 
crops of xanthones I (41 mg) and I1 (8 mg). The remaining compo- 
nents of the mixture could not be determined because of their sim- 
ilar Rf values. 


Separation of Xanthones from Fraction C-The solid (1.54 
g) from Fraction C was dissolved in chloroform and chromato- 
graphed over silica gel. Elution was carried out with petroleum 
ether, benzene, benzene-chloroform (l:l), and chloroform, 3 liters 
each. Fractions (100 ml) were collected. The later benzene and 
early benzene-chloroform eluates afforded a mixture of two xan- 
thones, which were separated by preparative layer chromatogra- 
phy using chloroform-benzene-acetic acid (1W402) as the sol- 
vent. 
l-Hydroxy-3,7,8-trimethoxyxanthone (Decussatin) (111)- 


The upper preparative layer zone (Rr 0.6) was eluted with chloro- 
form, and the residue (68 mg) was crystallized from ethanol as yel- 
low needles, mp 148-149'. The melting point, mixed melting 
point, R f  value, and UV, PMR, and mass spectra of the compound 
were identical with those of authentic decussatin (3,8). 
l-Hydroxy-3,4,7,8-tetramethoxyxanthone (V1)-The lower 


preparative layer zone (Rf 0.2), after the usual workup, yielded 1- 
hydroxy-3,4,7,8-tetramethoxyxanthone as yellow needles (12 mg), 
mp 188-190'. The melting point, mixed melting point, R f  value, 
and UV absorption spectrum of the compound were identical with 
those of an authentic synthetic sample (prepared from decussatin 
by persulfate oxidation followed by methylation with ethereal dia- 
zomethane) of l-hydroxy-3,4,7,8-tetramethoxyxanthone. 
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111: R , = & = & = C H 3  
I R ,  =CH,,R,-H IV: R , = & = $ = H  


II:R,=H, &=CH3 
V R , = & = H  


CH,O 0 OH CH,O 0 OH 


CH:,O 
VI VII 


0 OH 


VIII 


HO 0 
IX: R, = H 


XIII: R,=CH, 


HO 0 
X R ,  =H,R2-CH3,R3=glycosyl 


XII: R, = glycosyl, & = CH,, &=H 
XI: R, = R, = H, R3 = glycosyl 


XIV: R, = glycosyl, & = F&= H 


In addition to these two xanthones, preparative layer chroma- 
tography furnished two minor xanthones from the middle zones. 
The identity of these two xanthones is currently being investi- 
gated. 


Isolation of Xanthones from Alcoholic Extract-The ethanol 
extract of the defatted plant material was concentrated, and the 
concentrate was allowed to stand at room temperature overnight 
to detect the presence of mangiferin (8). Since no precipitate ap- 
peared, the extract was further concentrated to a syrupy liquid 
and was poured into aqueous acetic acid (4%, 200 ml). The mixture 
was kept at room temperature overnight. The precipitated pale- 
yellow solid was collected by filtration (Fraction D, xanthone 0- 
glucosides) (2). The clarified acidic aqueous solution was extracted 
with ether (5 X 100 ml). The combined ether extracts were pro- 
cessed in the usual way and a dull-yellow solid (0.52 g) was ob- 
tained (Fraction E). The ether mother liquor (Fraction F) afforded 
two xanthones by column chromatography. 


Separation of Xanthones from Fraction E-The solid (0.52 
g) from Fraction E was extracted several times with hot chloro- 
form to separate the chloroform-soluble fraction from the insolu- 
ble one. 
1,3,7,8-Tetrahydroxyxanthone (1V)-The chloroform-insolu- 


ble solid (0.12 g) crystallized from methanol as yellow needles, mp.  
333-335O. The melting point, mixed melting point, Rf value, and 
UV and PMR spectra of the compound were identical with those 
of authentic 1,3,7,8-tetrahydroxyanthone (3). The 3,7,8-trimethyl 
ether, prepared with ethereal diazomethane, crystallized from eth- 


anol as yellow needles, mp and mixed mp (with decussatin) 148- 
149'. 
l-Hydroxy-3,4,5.8-tetramethoxyxanthone (VII) and 1-Hy- 


droxy-3,4,7,8-tetramethoxyxanthone (V1)-The methanol 
mother liquor, after separation of IV, was treated several times 
with ethereal diazomethane. The methylated product was subject- 
ed to preparative layer chromatography. The upper preparative 
layer zone afforded a further crop of decussatin (17 mg). The mid- 
dle zone afforded VII ( 11 mg) as yellow needles, mp 186-188'. The 
melting point, mixed melting point, Rf value, and UV and mass 
spectra were identical with those of authentic, synthetic l-hy- 
droxy-3,4,5,8-tetramethoxyxanthone (9) (prepared from l-hy- 
droxy-3,5,8-trimethoxyxanthone by persulfate oxidation followed 
by methylation with diazomethane). The lower preparative layer 
zone afforded VI (15 mg) as yellow needles, mp 188-190'. 


Separation of Xanthones from Fraction F-The ether moth- 
er liquor, after separation of Fraction E, was chromatographed 
over silica gel (20 X 1.8 cm). The column was eluted with benzene, 
benzene-chloroform (l:l),  and chloroform, 2 liters each. The ben- 
zene and benzene-chloroform eluates afforded a further crop of 
xanthone I (92 mg). 
1.3,5,8-Tetrahydroxyxanthone (V)-The chloroform eluates 


gave a brown solid (82 mg), which crystallized from ethanol as nee- 
dles, mp 293-295' (M+, 260,100%). The trimethyl ether, prepared 
with ethereal diazomethane, was found to be identical with l-hy- 
droxy-3,5,8-trimethoxyxanthone (3) in all respects. 


Persulfate Oxidation of l-Hydroxy-3,5,8-trimethoxyxan- 
thone-To a stirred solution of l-hydroxy-3,5,8-trimethoxyxan- 
thone (0.112 g) in aqueous potassium hydroxide (1.8 g in 2 ml of 
water) and pyridine (2 ml), an aqueous solution of potassium per- 
sulfate (0.23 g in 5 ml of water) was added over 3 hr. After another 
hour, the solution was neutralized to Congo red and the turbidity 
was removed by centrifugation. Further acidification of the centri- 
fugate and treatment a t  50' with sodium sulfite gave a precipitate 
which was extracted with ether. 


The ether extract was worked up in the usual way. The residue 
(28mg) wasdissolved in methanol (5 ml) and treated with an excess 
of ethereal diazomethane. The methyl ether, l-hydroxy-3,4,5,8-te- 
tramethoxyxanthone, crystallized from ethanol as yellow needles, 
mp 186-188' [lit. (9) mp 187-188'); mle 332 (M+, 10096). The UV 
absorption spectrum was identical to that reported in the litera- 
ture (9). 


The persulfate oxidation of decussatin and subsequent methyl- 
ation of the product to 1-hydroxy-3,4,7,8-tetramethoxyxanthone 
were accomplished following similar procedures as described ear- 
lier. 


RESULTS AND DISCUSSION 


The entire plants were milled and extracted for polyoxygenated 
xanthones. The isolation and purification of the individual com- 
pounds (Scheme I) were accomplished by solvent extraction, col- 
umn chromatography, preparative layer chromatography, and der- 
ivatization. The identity of the known compounds was established 
by UV, PMR, and mass spectra evidence and by direct comparison 
with reference samples (3,8). The characterization of only the new 
xanthones is described here. 
l-Hydroxy-3.4,7,8-tetramethoxyxanthone (V1)-The com- 


pound, C17Hf607 (M+, 332,100%), mp 188-190°, is a monohydrox- 
ytetramethoxyxanthone in which the hydroxyl group is strongly 
chelated, since it remained unaffected with ethereal diazomethane 
but formed the permethyl ether with dimethyl sulfate and potassi- 
um carbonate in acetone. This finding was also supported by PMR 
data. The UV absorption spectrum of the compound is character- 
istic of a 1,3,4.7,8-pentaoxygenated xanthone (9). 


The 60-MHz PMR spectrum of the compound, in deuterochlo- 
roform, showed one strongly chelated proton a t  6 13.04 (C1-OH), 
four methoxyl groups at  6 3.94-4.02, and three aromatic protons at  
6 6.40 (lH, s, C-H), 7.05 (lH, d, J = 9 Hz, Cs-H), and 7.28 (lH, 
d, J = 9 Hz, C6-H). In the mass spectrum of the xanthone, aside 
from the molecular ion peak, intense fragment ion peaks appeared 
at  m/e 317 (35%), 302 (48), 289 (201, and 259 (10). associated with 
the loss of CH3, CH20, C&30 complex, and CH2O + CzH30 
groups, respectively, as supported by substantial abundances of 
metastable ions (3, 8, 10,ll).  


On the basis of these observations and conclusions, the pentaox- 
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ygenated xanthone of S. purpurascens is assigned the l-hydroxy- 
3,4,7,8-tetramethoxyxanthone structure (VI). Supporting evidence 
in favor of this conclusion was gained from its synthesis from de- 
cussatin. Persulfate oxidation of decussatin, followed by methyl- 
ation with ethereal diazomethane, gave VI identical with the natu- 
rally occurring compound in all respects. 


Partially Methylated Pentaoxygenated Xanthones Charac- 
terized as 1-Hydroxytetramethoxyxanthones (VI and VI1)- 
TLC of the mixture of xanthones in Fraction E (Scheme I) showed 
the presence of two strongly polar components. These compounds 
could not be isolated directly by preparative layer chromatogra- 
phy. Methylation of the mixture with ethereal diazomethane, fol- 
lowed by preparative layer chromatography, afforded the two pen- 
taoxygenated xanthones as homogeneous entities. 


The identity of the two compounds was established by direct 
comparison with authentic synthetic l-hydroxy-3,4,5,8-tetra- 
methoxyxanthone (VII) and VI. Complete demethylation of the two 
monohydroxytetramethoxyxanthones with hydrobromic acid af- 
forded the pentahydroxyxanthones, which were more polar than 
their naturally occurring counterparts. From this observation, it is 
reasonable to expect that the two pentaoxygenated xanthones 
(1,3,4,5,8- and 1,3,4,7,8-) are partially methylated. Because of the 
small quantities of these compounds, further identification was 
not possible. 


Members of the genus Swertia are known to elaborate liberally 
the tetraoxygenated (1,3,5,8- and 1,3,7,8-) xanthones (3, 12); 
1,3,4,5,8- and 1,3,4,7,8-pentaoxygenated xanthones are the first 
two pentaoxygenated xanthone patterns isolated from a member 
of this genus. The two oxygenation patterns were previously en- 
countered only in the genus Gentiana (9). The resemblance in 
chemical characters of the two genera, Swertia and Gentiana, is 
striking. Thus, another significant similarity between the two gen- 
era was observed in the flavonoids cooccurring with the polyoxy- 
genated xanthones. 


The general pattern of flavonoid distribution in these two gen- 
era is the common one of glycoflavones (Table I). Exceptions were 
noted only in C. septemfida and G .  makinoi (13), where glycofla- 
vones were replaced by flavones. In S. chirata, S. swertopsis, and 
G .  lutea, in addition to the glycoflavones, a glucoxanthone, mangi- 
ferin, was found to cooccur with glycoflavones. Mangiferin is a 
unique chemical character; both in its distribution and biogenesis, 
it seems to be more closely related to flavonoids than to xanthone 
derivatives (3,8,12,14). 


These observations and the assumption that the free flavones 
are vicariously represented by the glycoflavones in the mentioned 
Swertia and Centiana species (Table I) give rise to a number of 
interesting speculations in plant biochemistry about the route by 
which synthesis of the flavones could be switched to glycoflavones; 
the reason for the sparse distribution of mangiferin in xanthone- 
bearing plants; and phytochemical relationship between taxa on 
the basis of oxygenation patterns of xanthones. Further studies are 
clearly necessary to draw any conclusion in this direction. 


PHARMACOLOGY 


Investigation of the pharmacological activity of the total xan- 
thones (I-VII plus unidentified minor entities) of S. purpurascens 
was conducted on: (a) gross general behavior of albino mice and 
rats, (b) hexobarbital narcosis in mice, (c) reserpine-induced 
ptosis and sedation in mice, (d) amphetamine toxicity in aggre- 
gated mice, (e) subanalgesic doses of morphine in albino rats, (f) 
norepinephrine pressor response in pentobarbital-anesthetized dog, 
and (g) toxicity in albino rats. 


Albino mice and rats, bred from the CDRI strains, and healthy 
mongrel dogs were used. The total xanthones were dissolved in 2% 
aqueous sodium carbonate solution and injected in a dose of 50 
mg/kg ip (unless stated otherwise), keeping the volume of the in- 
jection at 1 ml/kg. The same volume of the vehicle was injected in- 
traperitoneally to control animals. All experiments were conducted 
at ambient temperature of 24 i 2O, according to previously de- 
scribed procedures (5,6). 


The total xanthones produced definite signs of CNS stimulation 
in albino mice and rats, as evidenced by the increased spontaneous 
motility, hyperactivity, fine tremors, and piloerection in their gross 


general behavior; significant potentiation (1 10% greater than the 
control) of hexobarbital narcosis; reversal of ptosis and sedation 
induced by reserpine; potentiation of amphetamine toxicity in ag- 
gregated mice (the mortality in the drug-treated group was 6/10 
compared to 1/10 in the control group); and potentiation of analge- 
sic effect of subanalgesic doses of morphine in albino rats (but had 
no analgesic effect per se) .  The total xanthones did not produce 
any significant potentiation (up to a dose of 100 mg/kg) of norepi- 
nephrine pressor response in dogs. The total xanthones were non- 
toxic up to a dose of 200 mgbg ip in albino rats. 


All methods used are accepted techniques for determining 
monoamine oxidase inhibiting activity of a compound in uiuo. The 
central stimulant actions produced by the total xanthones of S. 
purpurascens are comparable to those of mangiferin (5, 6). More- 
over, in vitro experiments with mangiferin definitely established 
that the central stimulant action of this glucoxanthone was me- 
diated uia monoamine oxidase inhibition. The details of this latter 
finding will be reported soon. Although the monoamine oxidase in- 
hibiting activity of the total xanthones was not very pronounced, it 
had the advantage of being devoid of any adverse side effects, e.g., 
high toxicity and potentiation of pressor effects of tyramine (and 
equivalents), commonly associated with well- known monoamine 
oxidase inhibitors. 
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Drug-Biomolecule Interactions: 
Proton Magnetic Resonance Studies of Complex 
Formation between Bovine Neurophysins and 
Oxytocin at Molecular Level 


JOHN H. GRIFFIN *$, JACK S. COHEN *x, PAUL COHEN *, and MARYSE CAMIER * 


Abstract 0 Proton magnetic resonance spectroscopy was used to  
monitor individual amino acid residues in bovine neurophysin, in 
the nonapeptide hormone oxytocin, and in the complex formed be- 
tween them. For neurophysin I alone, a normal titration curve for 
the C-2 proton resonance of the lone histidine residue was ob- 
tained with an apparent ionization constant of 6.9. Addition of ox- 
ytocin to a solution of neurophysin I a t  pH 6.5 resulted in several. 
changes in the spectrum. The effect on the histidine C-2 proton 
resonance signal indicated a slow exchange process between two 
states, probably representing a conformational change in the pro- 
tein. The apparent pK of the histidine residue in the hormonal 
complex was shifted to 6.7, indicating a slightly more positive (less 
electron dense) environment for the histidine residue. Resonances 
of the single tyrosine residue of oxytocin were observed to broaden 
significantly, but not to shift appreciably, on the addition of neu- 
rophysin 11. These observations may indicate involvement of the 
tyrosyl residue of oxytocin in the hormone-‘‘carrier protein” inter- 
action. 


Keyphrases Neurophysins, bovine-complex formation with 
oxytocin, PMR 0 Oxytocin-complex formation with bovine neu- 
rophysins, PMR 0 Hormonal interactions-bovine neurophysins- 
oxytocin, PMR [7 PMR-monitoring bovine neurophysins-oxyto- 
cin complex formation 0 Drug-biomolecule interactions-PMR 
studies of complex formation between bovine neurophysins and 
oxytocin at  the molecular level 0 Interactions-drugs with biomo- 
lecules, symposium 


High-resolution proton magnetic resonance (PMR) 
has proved useful in providing information about se- 
lected residues in proteins during denaturation (1-3) 
and inhibitor-enzyme interactions (4, 5). (For re- 


views, see Refs. 6 and 7.) A few studies of protein- 
polypeptide or protein-protein interactions using 
PMR techniques have been reported (8-10). 


The neurohypophyseal nonapeptides oxytocin and 
8-arginine (or 8-lysine) vasopressin are biologically 
important hormones known to associate noncovalent- 
ly with the proteins neurophysin I and neurophysin 
I1 (11, 12). These proteins are found in the neurose- 
cretory granules of the pituitary glands of several 
species associated with the hormonal peptides (13). 
The physical and chemical properties of the neuro- 
physins, which have monomeric molecular weights 
near 10,000, have been investigated (14, 15), and 
some amino acid sequences for bovine neurophysins I 
and I1 have been proposed (16, 17). The study of the 
molecular interactions between neurophysins and 
peptide hormones has been approached using classi- 
cal equilibrium methods (18-22) and spectroscopic 
techniques (23-26). 


This article presents PMR observations on highly 
purified bovine neurophysins, the hormone oxytocin, 
and the molecular complex formed between them. In 
particular, high-resolution PMR methods allow the 
study of the possible involvement of the lone histi- 
dine residue of neurophysin I or the single tyrosyl 
residue of oxytocin in the hormonal complexes’. 


A preliminary account of some of this work has appeared (27). 
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Figure I-Aromatic region of PMR spectra recorded in D20, 
0.1 M NaCZ, of neurophysin 11 at pH 6.52 (a) and of neuro- 
physin I a t p H  2.21 (b), 5.77 ( c ) ,  6.09 (d), and 8.85 (e). The 
number of scans varied between 9 and 37. The insert in (c) is 
the same spectrum at higher gain. The peaks marked X are not 
due to neurophysin. 


EXPERIMENTAL2 


Samples of neurophysins for PMR studies were lyophilized sev- 
eral times from DzO and were dissolved in 0.1 M NaCl in D203 
(100%) at a concentration of 30 mg in 0.5 ml. Measurements of pH 
were performed directly in the NMR sample tube as detailed pre- 
viously (3), and the pH values quoted are direct meter readings?. 


Spectra were recorded on a spectrometer5 with a probe tempera- 
ture of 22 f lo. Time-averaging was carried out with a computer6. 
Other details of the PMR methods were described elsewhere (3). 
Chemical shift values are quoted in parts per million downfield 
from external 6% tetramethylsilane in carbon tetrachloride. Con- 
centration measurements were checked spectrophotometrically7. 
For neurophysin, c was taken as 3400 M-' cm-I a t  260 nm (15); for 
oxytocin, an c a t  280 nm was taken as 1400 M-' cm-'. 


As a control experiment for viscosity effects, neurohypophyseal 
proteins (mol. wt. N 50,000) that  eluted' before the neurophysins 


Details of the preparation of highly purified bovine neurophysin have 
been described elsewhere (22). The synthetic peptide oxytocin was a gift 
from Dr. Guttmann, Sandoz, Basle, Switzerland. 


Aldrich Chemical Co. 
These values are not strictly pH because measurements were made in 


D2O they are not pD because measurements were made with a glass elec- 
trode containing water. It has been shown experimentally that the isotope 
effects on the glass electrode and on the ionization process itself almost can- 
cel, so that no correction is made in these studies. [See D. H. Sachs, A. N. 
Schechter, and J. S. Cohen, J .  Biol. Chem., 246,6576(1971), and references 
cited therein.] 


Varian Associates HR 220. 
Varian C1024. 
Cary 15 spectrophotometer. 


I 12 


8.4 8.0 7.6 7.2 6.8 
CHEMICAL SHIFT, ppm 


Figure 2-PMR spectrum of neurophysin I from Fig. I d  
fitted with Lorentzian curves. Key: 0, observed; *, calculated; 
and -, components. The assignments of the peaks are shown 
in the CALCOMP plot with the relative number of protons in 
.parentheses. 


during filtration8 were used. This protein fraction was devoid of 
hormonal binding ability by equilibrium dialysis experiments car- 
ried out with radioactive oxytocin (22). The PMR spectrum of oxy- 
tocin was recorded in the presence of 15 mg of this protein and 
showed a negligible line-broadening effect (<lo%). 


RESULTS AND DISCUSSION 


Neurophysins-Aromatic protons absorb in a region of the 
PMR spectrum that is well resolved from the resonances of the 
much more numerous aliphatic protons. Imidazole C-2 ring proton 
resonances are even better resolved as a result of their unique 
chemical environment between two nitrogen atoms. The aromatic 
region of some PMR spectra of neurophysins I and I1 are shown in 
Fig. 1. The resonance in the low field region between 8.5 and 7.4 
ppm in Figs. lb-le that  shifts with pH may be attributed to the 
C-2 ring proton (8, 28, 29) of the single histidine residue of neuro- 
physin I, which is absent from neurophysin I1 (30) (Fig. la) .  


7.6 


Neurophysin I 
O----O Neurophysin I t 


Oxytocin ( 1 : l  1 i''\ 
- 


7.4 I I I I 


2 4 6 8 10 
PH 


Figure 3-Titration curves of the C-2 proton resonance of the 
single histidine residue of neurophysin I and of the neuro- 
physin I-oxytocin complex. The lines are least-squares fits to 
the data using the theoretical expression for a simple proton 
association equilibrium (29). 


Sephadex G-75. 
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Figure 4-PMR spectra showing the histidine C-2 proton 
resonance of neurophysin I at pH 6.51 in the absence of oxy- 
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(29). One unusual feature of the titration of the histidine C-2 pro- 
ton resonance in this case was the consistent obse?vation of a dou- 
bling of the peak at  pH values between 5.6 and 5.9 (Fig. lc). It was 
difficult to obtain spectra a t  slightly lower pH values due to pre- 
cipitation of the protein (15); above pH 6.0, the phenomenon was 
no longer observable. 


This doubling phenomenon could represent a slow equilibrium 
of the histidine residue between two environments, as previously 
suggested for similar observations involving histidine resonan'ces 
(1, 3). Changes in the environment of the histidine residue may 
possibly be related to aggregation processes known to occur in this 
pH range (15). 


Binding of Oxytocin to Neurophysins-Aliquots of oxytocin 
were added to a solution of neurophysin I a t  pH 6.5, and the ef- 
fects on the PMR spectrum of the protein were monitored. A dou- 
bling of the histidine C-2 proton resonance was noted (Fig. 4 ) .  
Since oxytocin does not contain a histidine residue, this phenome- 
non must be attributed to the effect of complex formation on the 
lone histidine in neurophysin I. 


The presence of two separate resonances (Fig. 4 6 )  at intermedi- 
ate neurophysin-oxytocin molar ratios indicates a slow conforma- 
tional equilibrium between two environments (l), for which the 
lifetime in one state must be greater than 13 msec ( i e . ,  >>l/xAu, 
where Au is the separation between the two resonances, 25 Hz). 
This slow equilibrium could be the oxytocin binding process or a 
protein conformational change that exposes the histidine residue 
to two different environments. The latter possibility seems more 
likely in view of previous knowledge of the rates of protein confor- 
mational changes (33). No other significant changes in most re- 
gions of the spectrum were observable up to a molar ratio of 1: l .  


The titration curve of the neurophysin I-oxytocin complex at a 
1:l molar ratio (>95% oxytocin binding sites filled) is shown in Fig. 
3. The histidine pKa value is shifted 0.20 pH unit to a lower value 
due to complex formation, representing a somewhat more positive 
(less electron dense) environment for the histidine residue in the 
hormone-neurophysin I complex. Such a relatively minor pK shift 
suggests that the histidine residue does not play a significant role 
in the hormonal interaction. This conclusion might be expected 


a 


Between pH 3.5 and 5.5, the resonance lines broaden due to 
aggregation of the protein as precipitation occurs near the isoelec- 
tric point, pH 4.4 (15,22). Above pH 5, the protein redissolves and 
the lines correspondingly sharpen again. However, they remain 
fairly broad (5-20 Hz) considering the size of this protein com- 
pared to others studied previously (6, 31). This may result from 
dimer formation (15). 


Another cause of line broadening may be the existence of a fairly 
rigid structure due to the presence of seven disulfide bonds. Re- 
duction of internal motion causes the resonances to be broader by 
increasing the efficiency of dipolar relaxation between closely adja- 
cent protons (32). The precise contribution of the two factors to 
the observed linewidth is difficult to estimate. A dilution by a fac- 
tor of 5 to a concentration of 12 mg/ml produced no significant 
measurable reduction in linewidth. 


The assignment of peaks in the low field region of a spectrum of 
neurophysin I (Fig. Id) is shown in Fig. 2, in which the resonance 
peaks are fitted with Lorentzian functions (29). The broad reso- 
nance at chemical shift 7.75 ppm is attributed to protons that ex- 
change slowly with water, since it disappeared entirely over 24 hr 
due to exchange with deuterium. 


The pH titration data of the histidine C-2 proton resonance of 
neurophysin I are shown in Fig. 3. These data fit a theoretical 
curve based on a simple proton association equilibrium and give a 
pK value of 6.9, indicative of a normally titrating histidine residue 


I I 1 


7.5 7.0 6.5 
PARTS PER MILLION 


Figure I--.Aromatic region of PMR spectra of oxytocin at 
p H  6.60 (a) and after the addition of aliquots of neurophyein II 
to yield oxytocin-neurophysin molar ratios at pH 6.79 of 7 : 1  
(b) and 3 : l  ( c ) .  Solutions contained 0.1 M NaCl in D d .  
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Figure &Plot of the observed full linavidth at half-height of 
the tyrosyl resonance at 6.7 ppm of oxytocin versus the molar 
ratio of neurophysin-oxytocin. 


since neurophysin I1 binds oxytocin yet lacks a histidine residue. 
The protein resonances obscure the oxytocin resonances in the 


aliphatic region of the PMR spectrum even at low protein to oxy- 
tocin molar ratios, and it is virtually impossible to distinguish the 
resonances of the two components. However, oxytocin contains a 
single tyrosine residue, and it is possible to follow the effects of the 
addition of neurophysin I1 on the tyrosyl aromatic protons. PMR 
spectra at several molar ratios are shown in Fig. 5. The mean value 
of the full width at half-height of the two tyrosine resonances in 
the high field doublet at 6.7 ppm is plotted in Fig. 6 as a function 
of the molar ratio of the total amount of each species in solution. 


The apparent linear increase in linewidth of the oxytocin tyrosyl 
C-3 and C-5 proton resonances (Fig. 6) could arise from either a 
slow or a fast exchange process between two states for the tyrosyl 
residue. In the case of a simple bimolecular process (Scheme I): 


k, 


k-1 
oxytocin + neurophysin oxytocin-neurophysin 


Scheme I 
the exchange of the tyrosyl residue between free and bound states 
can be described by equations derived for either the fast or the 
slow exchange limit (34). In the slow exchange limit: 


Alnots = (1 - P)Ai/2 free + P/T 0%. 1) 


> 
b 8  
z 
W c z 


0 
0 
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Figure 7-Simulated peak shapes for fast and slow exchange 
conditions for a singk Lorentzian-shaped peak. In both condi- 
twns the linewidth at half-height, A112, of the free component i s  
3.5 Hz, while that of the bound component, assumed to have the 
same chemical, shift, is 21.5 Hz. In  the slow exchange limit 
when T >> P (Eq. I ) ,  = Allzfrsr, and the observed peak 
(solid line) is broadened by summation with the bound compo- 
nent. For slow exchange, the area of each of the two compo- 
nents is proportional to the amounts that are free and bound. 
For fast exchange the linewidth of the observed peak for different 
proportions bound was determined from Eq. 2 and is repre- 
sented by the small dashed line. The actual observed values of 
A m  in each case would be: 


percent bound fast exchange slow exchange 


0 3.5 Hz 3.5 Hz 
5 3.4 Hz 3.6 Hz 
10 5.3 Hz 3.8 Hz 
33 9.4 H z  4.3 Hz 


while in the fast exchange limit: 


A l / ? o b s  = (1 - ~ U i 1 2 1 r e e  + pAu2hound (Eq. 2) 


where A112 is the full linewidth at  half-height, p is the fraction of 
oxytocin bound, and T = U k - 1 ,  which is the mean lifetime of the 
complex. These equations apply when the concentration of free ox- 
ytocin is much greater than the concentration of the oxytocin-neu- 
rophysin complex and when: 


Aln = l / r T L  (Eq. 3) 


where 2'2 is the tranverse relaxation time of the observed proton. 
Both Eqs. 1 and 2 can describe a linear dependence of the ob- 


served half-width on the amount of complex formed, as illustrated 
in Fig. 7. The possibilities of slow or fast exchange for the oxyto- 
cin-tyrosyl binding process can be distinguished. Studies at differ- 
ent temperatures and at  different magnetic field strengths, cou- 
pled with direct measurement of the longitudinal relaxation time, 
7'1,  should serve to distinguish these possibilities (34). 


On the basis of preliminary work, Balaram et aL9 concluded that 
the lysine vasopressin-neurophysin I1 complex exhibits slow ex- 
change. However, Alazard et al. lo recently found that oxytocin and 
lysine vasopressin show a fast exchange process with neurophysin 
11. This conclusion cannot necessarily be extended to all such com- 
plexes, not only because of the different hormones and conditions 
used but also because of recent evidence that these two peptide 
hormones bind differently (22). 


~~~~~~ 


P. Balaram, A. A. Bothner-by, and E. Breslow, personal communication 


lo R. Alazard, P. Cohen, J. H. Griffin, and J. S. Cohen, unpublished re- 
[see Biochemistry, 12.4695(1973)]. 


sults. 
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If a slow exchange is assumed, evaluation of T from Eq. 1 using 
the data shown in Fig. 6 leads to a value of 56 msec, which is con- 
sistent with the limiting value (i.e.,  >I3 msec) of the lifetime of the 
histidine residue in the hormonal complex. This value of T gives 18 
sec-l for the dissociation rate constant, k-1. Since the oxytocin- 
neurophysin dissociation constant, K d .  which equals k - l / k  1, is ap- 
proximately 2 X M (22). an estimate of kl, the bimolecular 
association rate constant, yields 9 X lo5 M-I sec-l. 


Alternatively, if a fast exchange is assumed, evaluation of 
A112 bound from Eq. 2 gives an extrapolated value of 22 Hz for the 
linewidth of the tyrosyl resonances in the complex at  a 1:l molar 
ratio. A t  this ratio, saturation of oxytocin binding sites on neuro- 
physin occurs (19, 22). Since the observed linewidth is related 
through 1/Tz (Eq. 3) to the rotational correlation time of the tyro- 
syl side chain, the large increase in linewidth upon binding indi- 
cates a significant restriction in motion of the tyrosyl residue if 
fast exchange obtains. Involvement of the tyrosyl ring of oxytocin 
in the binding process, indicated here by PMR studies, is consis- 
tent with the apparent lack of binding capacity of 2-isoleucine- 
oxytocin (19) and of oxytocin iodinated on the tyrmyl ring (22). 
Experiments carried out with oligopeptides corresponding to the 
N-terminal amino acid sequence of the hormone also reinforce this 
idea (15,25,26). 


Complex formation between neurophysin and oxytocin could in- 
volve hydrophobic or *--* interactions between neurophysin and 
the hormone’s tyrosyl side chain as well as hydrogen bonding of 
the tyrosyl phenolic hydroxyl groups. However, r-r interactions 
seem unlikely in this case, since the stacking of aromatic rings pro- 
duces measurable 0 0 . 1  ppm) upfield shifts (35), and no signifi- 
cant change in chemical shift of the oxytocin tyrosyl resonances is 
observed a t  the highest molar ratios (Fig. 5). 


Additionally, hydrogen bonding of the phenolic hydroxyl may 
not be essential for hormone binding since 2-phenylalanyl-oxyto- 
cin is bound almost as well as oxytocin (19). In this case, the tyro- 
syl residue of oxytocin seems to be bound in the hormone-neuro- 
physin IIcomplex through hydrophobic bonding”. 


REFERENCES 


( 1 )  C. C. McDonald and W. D. Phillips, in “Fine Structure of 
Proteins and Nucleic Acids,” G. D. Fasman and S. N. Timasheff, 
Eds., Dekker, New York, N.Y., 1970, p. 1. 


(2) C. C. McDonald, W. D. Phillips, and J. D. Glickson, J. 
Amer. Chem. Soc., 93,235(1971). 


(3) H. F. Epstein, A. N. Schechter, and J. S. Cohen, Proc. Nat.  
Acad. Sci. USA, 68,2042(1971). 


(4) D. H. Meadows, G. C. K. Roberts, and 0. Jardetzky, J. 
Mol. Biol., 45,491(1969). 


(5) J. D. Glickson, W. D. Phillips, and J. A. Rupley, J. Amer. 
Chem. SOC., 93,4031(1971). 


(6) G.  C. K. Roberts and 0. Jardetzky, J. Biol. Chem., 245, 
1180(1970). 


(7) J. S. Cohen, in “Experimental Methods in Biophysical 
Chemistry,” C. Nicolau, Ed., Wiley, London, England, 1973, p. 
521. 


(8) D. H. Meadows, 0. Jardetzky, R. M. Epand, H. H. Ruter- 
jam, and H. A. Scheraga, Proc. Nat. Acad. Sci. USA, 60, 
766(1968). 


(9) S. Ogawa and R. G. Shulman, Biochem. Biophys. Res. 
Commun., 42,9(1971). 


IJV absorption difference spectroscopy provides evidence for this [R. 
Alazard, J. H. Griffin, and P. Cohen, J.  Biol. Chem., 248,7975(1973)]. 


(10) F. M. Finn, J. Dadok, and A. A. Bothner-by, Biochemistry, 


(11) J. Chauvet, M. T. Lenci, and R. Acher, Biochim. Biophys. 


(12) L. 0. Uttenthal and D. B. Hope, Biochem. J. ,  116, 


(13) C. R. Dean, D. B. Hope, and T. Kazic, Brit. J. Pharmacol., 


(14) T. C. Wuu and M. Saffran, J. Biol. Chem., 244,482(1969). 
(15) E. Breslow, H. L. Aanning, L. Abrash, and M. Schmir, 


(16) R. Walter, D. H. Schlesinger, I. L. Schwartz, and J. D. 


(17) J. D. Capra, J. M. Kehoe, D. Kotelchuck, R. Walters, and 


(18) M. Ginsburg and M. Ireland, J. Endocrinol., 32,187(1965). 
(19) E. Breslow and L. Abrash, Proc. Nut. Acad. Sci. USA, 56. 


(20) R. Rauch, M. D. Hollenberg, and D. B. Hope, Biochem. J., 


(21) E. Breslow and R. Walter, Mol. Pharmacol., 8,75(1972). 
(22) M. Camier, R. Alazard, P. Pradelles, J. T. Morgat, P. Fro- 


(23) E. Breslow, Proc. Nat. Acad. Sci. USA, 67,493(1970). 
(24) A. J. Furth and D. B. Hope, Biochem. J., 116.187(1965). 
(25) P. Balaram, A. Bothner-by, and E. Breslow, J. Amer. 


(26) E. Breslow and J. Weis, Biochemistry, 11,3474(1972). 
(27) P .  Cohen, J. H. Griffin, M. Camier, M. Caizergues, P. Fro- 


mageot, and J. S. Cohen, FEBS Lett., 25,282(1972). 
(28) J. H. Bradbury and H. A. Scheraga, J. Amer. Chem. Soc., 


88.420(1966). 
(29) J. S. Cohen, R. I. Shrager, M. McNeel, and A. N. Schechter, 


Nature, 228,642(1970). 
(30) M. D. Hollenberg and D. B. Hope, Biochem. J., 106, 


557(1968). 
(31) C. C. McDonald and W. D. Phillips, in “Magnetic Reso- 


nance in Biological Systems,” A. Ehrenberg, B. Malmstrom, and T. 
Vanngard, Eds., Pergamon, London, England, 1967, p. 3. 


(32) J. H. Bradbury, B. E. Chapman, and N. L. R. King, Int. J .  
Prot. Res., 3,351(1971). 


(33) G. G. Hammes, Aduan. Protein Chem., 23,1(1968). 
(34) B. D. Sykes, P. G. Schmidt, and G. R. Stark, J. Biol. 


(35) R. Deslauriers and I. C. P. Smith, Biochem. Biophys. Res. 


11,455(1972). 


Acta, 38,226(1960). 


899( 1970). 


34,192P(1968). 


ibid., 246,5179(1971). 


Capra,.Biochem. Biophys. Res. Commun., 44,293( 1971). 


E. Breslow, Proc. Nat.  Acad. Sci. USA, 69,431(1972). 


640( 1966). 


115,473(1969). 


mageot, and P. Cohen, Eur. J.  Biochem., 32,207(1973). 


Chem. SOC., 94,4017(1972). 


Chem., 245,1180(1970). 


Commun., 40.179(1970). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received from the *Laboratory of Chemical Biology, National 
Institute of Arthritis and Metabolic Diseases, and the Reproduction 
Research Branch, National Institute of Child Health and Human 
Development, National Institutes of Health, Rethesda, M D  
20014, and the iLaboratoire de Biochimie de la Faculte des Sci- 
ences de Rouen, 76 Mt. St.  Aignan and Service de Biochimie. 
CEN Saclay, 91 Gif-sur-Yvette, France. 


Presented in part to the Symposium on Drug-Biomolecule In- 
teractions, APhA Academy of Pharmaceutical Sciences, fall meet- 
ing, Chicago, Ill., November 1972. 


The authors thank Dr. Alan Schechter and Dr. Brian Sykes for 
helpful discussions. 


Supported by the Helen Hay Whitney Foundation. 
To whom inquiries should be directed. 


I Vol. 64, No. 3, March 1975 151 1 








Partition of an 
Organophosphorus Compound, Dichlorvos, between 
Liquid and Liquid Crystalline Phases 


STIG FRIBERG *= and LENNART LARSSON * 


Abstract 0 The partition coefficients for an organophosphorus 
compound, dichlorvos (2,2-dichlorovinyl dimethyl phosphate), be- 
tween pure liquids, micellar solutions, and liquid crystalline phas- 
es were determined by spectrometric analysis of the dichlorvos 
content after equilibration and separation of the phases. The re- 
sults demonstrated the pronounced importance of associated col- 
loid structures on the partition coefficient and showed that the 
partition coefficient did not display a simple concentration depen- 
dence. 


Keyphrases Dichlorvos-partition coefficients between pure 
liquids, micellar solutions, and liquid crystalline phases, effect of 
associated colloid structures Partition coefficient of dichlorvos- 
determination in pure liquids, micellar solutions, and liquid crys- 
talline phases, effect of associated colloid structures 0 Organo- 
phosphorus compounds-partitioning of dichlorvos between liq- 
uid and liquid crystalline phases, effect of associated colloid struc- 
tures 


Many organophosphorus compounds are potent in- 
hibitors of acetylcholinesterase and some are widely 
used as insecticides (1, 2). The most active members 
of the group are considered to be potential warfare 
agents (3). In addition to enzyme affinity, two other 
factors are important for the inhibitory efficiency of 


Inverse micelle 


Middle Liquid Crystal 
M 


Figure 1-When water, a hydrocarbon, and an amphiphilic 
compound are combined, micellar solutions with normal (LI )  
and inversed (L2) micelles and Liquid crystalline phases (middle 
liquid crystal ( M ) ,  lamellar liquid crystal ( N ) ,  and inversed 
middle liquid crystal ( R M )  ] are obtained. 


organophosphorus compounds: (a) the partition coef- 
ficients between different tissues with varying hydro- 
philic-lipophilic character (4), and (b) the metabolic 
degradation, mainly by hydrolysis, which causes de- 
toxification (5). 


Organophosphorus inhibitors have been found to 
show an unexpectedly high penetration into axons (6) 
in spite of having oil-water partition coefficients of 
only 0.1 (7). This fact has been considered a reason 
for the unexpected pharmacological response (8). 


The purpose of this article is to draw attention to 
another factor of importance for the penetration of a 
drug in addition to its hydrophilic-lipophilic balance. 
Biological tissue is not, in general, a simple solution; 
the cellular membranes and the myelin part of the 
nerve substance are highly ordered systems with reg- 
ular layer structures. Such structures (9) can be com- 
pared with the structure of a liquid crystalline phase 
(10). Liquid crystalline phases may actually assume 
many structures (11) (Fig. 1); the transition from a 
layer structure to a regular hexagonal packing of cyl- 
inders has been suggested as being responsible for 
the transport mechanism through membranes (12). 


Since liquid crystalline structures appear to be of 
general importance for biological systems and since 
organophosphorus compounds have been found to 
penetrate axons in spite of low oil-water partition 
coefficients (7), an investigation of the possible ef- 
fects on the partition of structuring elements such as 


Nonionic 
H2° emu lslfier 


/ 


H2° Nonionic 
emu lslfier 


Figure 2-Water, cyclohexane, and the mnionic emulsifier 
pentaoxyethylene dodecyl ether formed three liquid phases [pure 
water, pure cyclohexane, and a solution of cyclohexane in the 
emulsifier (L2) ] and two liquid crystalline phases [lamellar 
phase ( N )  and inversed middle phase ( R M )  1. 
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micelles in liquids and of the general longrange order 
characteristics of a liquid crystalline phase was con- 
sidered to be of value. No earlier investigation of the 
distribution of organophosphorus compounds be- 
tween phases containing associated structures was 
found in the literature. Dichlorvos (2,2-dichlorovinyl 
dimethyl -phosphate) was selected for the investiga- 
tion because its properties are well known (13) and 
its solubility in hydrocarbons and water is balanced. 


Two different systems containing associated col- 
.loids were selected. In addition to water and cyclo- 
hexane, the first one contained two different liquid 
crystalline phases (RM and N) and one solution (Ld 
with inverse micelles (Fig. 2). These three phases dis- 
played comparatively small differences in their total 
composition and were judged well suited for the pur- 
pose of estimating the influence of different associ- 
ated structures. The second system contained an al- 
kylammonium carboxylate (Fig. 3) and was used to 
observe the influence on the partition of a gradual in- 
crease in the amount of associated structure units. 


EXPERIMENTAL 


Materials-The dichlorvos used was a commercial sample', 
which was purified by distillation with a spinning-band column (13 
torr, 112'). Double-distilled water, cyclohexane, p-xylene, l-ami- 
nooctane2, 1-octanoic acid3, and a commercial pentaoxyethylene 
dodecyl ether were used without further purification. 


Separation of Phases-Between 0.5 and 1.5 wt. % of dichlorvos 
was dissolved in the mixture of water, hydrocarbon, and surfac- 
tant. The mixture was heated to 30' and allowed to cool slowly to 
20°, a t  which temperature it was allowed to equilibrate for 24 hr. 
Centrifugation with an analytical centrifuge4 (36,000 rpm for 16 
hr) caused the phases to separate from each other. 


Analysis-The system consisting of water, cyclohexane, and 
nonionic emulsifier did not show UV absorption at a level that 
would influence the determination of the dichlorvos at 205-207 
nm. Separate calibration curves were determined for each phase 
involved in the equilibrium by addition of known amounts of di- 
chlorvos to the separated phases. 


For the system consisting of water, p-xylene, octanoic acid, and 
aminooctane, the determination of the amount of dichlorvos was 
'done spectrophotometrically on the antimony phosphatomo- 
lybdate complex (14) after the phosphorus had been transformed to 
phosphate using sulfuric and nitric acids. Separate calibration 
curves also were determined for the different phases. 


RESULTS 


The regions for the different phases in the water-cyclohexane- 
surfactant system are given in Fig. 2. The nonionic surfactant used 
for the first system was soluble to less than 0.5% in water or in cy- 
clohexane. In Fig. 2, the liquid phases of water and cyclohexane 
are only marked as points in the respective corners. Both water 
and cyclohexane were soluble in the emulsifier forming the LP 
area, which represented a solution with inverse micelles. This solu- 
tion, the inverse middle phase (RM) (Fig. 2) containing a hexago- 
nal array of cylinders (Fig. l ) ,  and the lamellar neat phase (Fig. 11, 
denoted N in Fig. 2, showed small differences in total composition 
from each other and were judged suitable to demonstrate the influ- 
ence of different associated structures. 


The partition coefficient of dichlorvos between water and cyclo- 
hexane was determined separately using the pure compounds. This 
corresponds to a composition choice anywhere along the line H20- 
c-CgH12 in Fig. 2. The results are given in Table I (Samples 4 and 
5). 


Donated by Shell Co 
Fluka. 
Eastman. 
Beckman. 


Table I-Partition Coefficient of Dichlorvos between 
Different Phases and Water  in  the Water-Cyclohexane- 
Commercial Polyethylene Glycol Dodecyl Ether  System 


Cyclo- 
Sample hexane L? RM N 


~ 


1 - 4 . 7  5.9 - 
- 4 . 6  5.7 - 
- - 5 . 8  5 .5  


2 
3 


2 . 2  4 
5 2 . 2  


- ~. - 
- - - 


The three phases H20, Lz, and RM could easily be separated 
from a total composition, denoted A in the diagram. The actual 
composition of the phases Lp and RM in the three-phase region 
was not determined, but the fact that an increase of the cyclohex- 
ane content in the total composition A gave a sample containing 
only H2O and L2 was evidence of a very narrow three-phase region 
(approximately the one indicated in Fig. 2). The partition of di- 
chlorvos between these three phases was determined in duplicate 
samples. The results are given in Table I (Samples 1 and 2) as par- 
tition coefficients for the two phases Lz and RM against water. 


The separation of the three phases Hz0, N, and RM was diffi- 
cult, and it was considered sufficient to determine the partition be- 
tween N and RM, which could easily be separated. The composi- 
tion of the phase RM in equilibrium both with HzO and N was 
necessarily close to its composition in equilibrium with H20 and 
L p .  This is evident from an inspection of Fig. 2, in which the proba- 
ble three-phase area containing Hz0, RM, and N is indicated. Re- 
garding this similarity in composition of RM, it was judged reason- 
able to assume an RM-H20 partition coefficient for the three 
phase H 2 0 ,  RM, and N very close to the corresponding coefficient 
for the three phases H20, RM, and Lz. The partition coefficients 
RM-H20 and N-Hp0 in Table I (Sample 3) were consequently 
calculated using an average value for the RM partition coefficient 
against water from Samples 1 and 2. 


The partition coefficients are given in Table I. The results show 
that the dichlorvos actually showed a higher partition coefficient 
for the liquid crystalline and the L2 phases than for the hydrocar- 
bon phase. The difference between the two liquid crystalline phas- 
es was not significant. 


The next system was constructed to answer the question of the 
importance of structure more generally; micelles were also taken 
into account. The system contained 1-octanoic acid and l-ami- 
nooctane in a 1:l molecular ratio. These two components form the 
salt octylammonium octanoate, which made the system contain a 
surfactant with a strong dipolar element similar to lecithin. 


The water, p-xylene, and 1-octanoic acid-1-aminooctane (1:l) 
system (Fig. 3) consists of pure water, a p-xylene solution (L2) con- 
taining the surfactant pair and solubilized water, and a lamellar 
liquid crystalline phase (N) (15). According to IR and NMR data, 
the p-xylene solution contains ion-pairs of the amphiphiles in a 1:l 
ratio (16). When water is added, inverse micelles are formed simi- 


p-Xylene 


B 
I 
\ 


Figure 3-Water, p-xylem, and the emulsifier octylammonium 
octarwate formed two liquid phases [pure water and a p-xylene 
solution (L2) conbining the emulsifier and solubilized water 
and liquid cvstalline phase ( N ) ] .  
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Figure 4-Partition of dichlorvos between the phases in the 
water, p-xylem, and octylammonium octarwate system plotted 
against the weight fraction of the emulsifier. 


lar to those in the corresponding system in which the surfactant 
consisted of I-aminooctane only (17). 


The results (Fig. 4) show that the structure of the phases had a 
pronounced influence on the partition of dichlorvos between the 
phases. Small additions (-2%) of the two amphiphilic compounds 
reduced the partition coefficient to less than 50% of the initial 
value for p-xylene-water. When a weight basis fraction of added 
amphiphiles to p-xylene reached one-third, the partition coeffi- 
cient reached a minimum, being 16% of the value for p-xylene- 
water. Further additions of the amphiphiles increased the coeffi- 
cient. The three-phase region of water, isotropic liquid (Lz) phase 
with maximum amount of amphiphiles (B in Fig. 3), and liquid 
crystalline phase gave partition coefficients significantly higher for 
the liquid crystalline phase toward water (2.2) than the corre- 
sponding coefficient for the isotropic micellar solution and water 
(1.75). 


Further reduction to zero of the p-xylene percentage within the 
liquid crystalline phase caused a reduction of the partition coeffi- 
cient from 2.2 to 1.35. 


DISCUSSION 


The results obtained made evident that the associated colloid 
structures present in micellar solutions and in liquid crystalline 
phases had a pronounced influence on the partition of dichlorvos. 


This influence was demonstrated by the drastic changes of the 
partition coefficient toward water when the initial addition of 
octylammonium octanoate to p-xylene was made. The initial steep 
reduction of the partition coefficient and its minimum at a weight 
fraction of about 0.3 are features that have to be explained from 
changes in the colloid and subcolloid associated, structures. The 
exact determination of these structures was not within the realm 
of the present investigation, but a comparison with findings of ear- 
lier studies on similar systems may be of value, giving the general 
conditions that may be expected (17). 


A t  low weight fractions of the salt, the salt is dissolved as sepa- 
rate ion-pairs with one or two water molecules attached to each 
pair. A t  higher concentrations, the addition of water gives rise to 
the formation of larger aggregates, the size of which determines if 


they are micelles. The onset of the formation of larger aggregates is 
seldom as sudden as in aqueous systems, where the critical micelli- 
zation concentration is experienced as a narrow concentration 
range. 


Considering these general statements, it appears probable that 
the minimum in the partition coefficient curve (Fig. 4) was related 
to the formation of larger aggregates. The increase of the partition 
coefficient may then be a rational consequence of the formation of 
colloid size volumes containing water and polar parts, which are 
then separated from the hydrocarbon parts of the solution (Fig. 1). 
The enhancement of the partition coefficient when the structure 
changed from the micellar solution to the liquid crystalline phase 
is in accordance with this opinion; the change implies an even 
stricter separation into polar and nonpolar colloid dimensions (Fig. 
1). 


The reduction of the partition coefficient when p-xylene was re- 
moved from the liquid crystalline phase was considerably higher 
than what could be expected with regard to the reduction of the 
nonpolar volume in the liquid crystalline phase. The reduction in 
nonpolar volume was less than 3 %  the decrease of the partition 
coefficient was about 10 times that value. A continued investiga- 
tion of possible changes in the localization of dichlorvos would be 
of interest with regard to this result. 


For the system with a nonionic emulsifier, the partition coeffi- 
cient between cyclohexane and water was lower than the coeffi- 
cient between p-xylene and water. The liquid crystalline phases in 
the latter system, on the other hand, caused the value of the parti- 
tion coefficient toward water to be higher than that between hy- 
drocarbon and water; this finding was another example of the im- 
portance of structure conditions. 


The importance of the results is not due only to the changes in 
partition coefficient. It is well known (18, 19) that variations in the 
polarity and hydrogen bonding capacity of the nonaqueous liquid 
generally give rise to a broad range of partition coefficient values. 
However, this fact is not easily applicable to ordered systems, since 
even the value of a liquid with the polarity and hydrogen bond ca- 
pacity adjusted to average values for a liquid crystalline phase may 
be in error to a high degree. This is well displayed by the two sys- 
tems used in the present investigation. Average properties calcu- 
lated on the basis of the molecular composition are of no use for 
the determination of the partition coefficient when it passes 
through a maximum and a minimum; this was the case when the 
weight ratio of octylammonium octanoate to p-xylene was varied 
(Fig. 4). When these results are considered, the estimation of parti- 
tion coefficients between nerve tissues and surrounding plasma 
from the coefficients of simple liquids appears questionable. 
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Synthesis of Sparsomycin Analogs as Potential 
Antitumor Agents 


R. J. DUBOIS x, C.-C. L. LIN, and B. L. MICHEL 


Abstract No information is available on the structural require- 
ments for the antitumor activity of sparsomycin, an antibiotic ob- 
tained from the fermentation broth of Streptomyces sparsogenes. 
Its high in uiuo and in uitro activity, novel structure, and uncom- 
mon mode of action have, therefore, suggested the synthesis of an- 
alogs. This report describes the preparation and screening of a se- 
ries of N-substituted 3-aryl acrylamides which are closely related 
to sparsomycin. Three compounds exhibited some tumor inhibi- 
tion but insufficient to warrant further testing. 


Keyphrases 0 Antitumor agents, potential-synthesis and 
screening of sparsomycin analogs 0 Cysteinol derivatives-synthe- 
jis and screening as possible anticancer agents 0 3-Aryl acrylam- 
ides, N-substituted-synthesis and pharmacological screening as 
possible anticancer agents 0 Sparsomycin analogs-synthesis and 
screening as potential antitumor agents 


The antibiotic sparsomycin (I) was first isolated in 
1962 (1) from the fermentation broth of Streptomy- 
ces sparsogenes. Not until 1970, however, was the 
structure elucidation reported (2). 


Following its isolation, sparsomycin was subjected 
to several preliminary biological tests where it dis- 
played a broad spectrum of moderate in vitro activity 
against bacteria and moderate antifungal activity (3). 
Of greater interest was its very high activity against 
KB human epidermoid carcinoma cells (3). It also 
showed moderate to high inhibition in several in vivo 
tumor systems such as the Walker carcinosarcoma 
256 and the sarcoma 180 solid tumor (3). 


On the basis of this antitumor activity, sparsomy- 
cin was selected for Phase I clinical studies. It dis- 
played severe eye toxicity, however, and the Phase I 
study was terminated (4). 


Its biological activity appears to be primarily due 
to inhibition of protein synthesis, and this inhibition 


0 CHPH 
I I  I 


I 


Table I-NSC Numbers and Screening Data 


Walker 256 Data, 
% T/C 


Compound NSC Number (Dose, mg/kg) 


I1 
I11 
IV 
V 


V i  
V I I  


VIII 
IX-HCl 


x 
X I  


XI1 
XI11 x IV xv 


173109 
177934 
181493 
181494 
184712 
184714 
159934 
166004 
169798 
169799 
173110 
174260 
177936 
179898 


49 (120) 
55 (40) 
85 (50) 
64 (160) 
96 (80) 


107 (50) 
- 


has been substantiated (5, 6). Further work (7) indi- 
cated that its mechanism of action in the Escherichia 
coli system is on the 50s ribosome subunit, where i t  
prevents peptide transfer by interfering with the 
function of the enzyme peptidyl transferase. 


To  date, no analogs of sparsomycin have been re- 
ported. Its high to moderate antitumor activity, novel 
structure, and somewhat uncommon mode of action 
have prompted the development of a structure-activ- 
ity relationship by synthesis. This report describes 
some initial investigations. 


RESULTS AND DISCUSSION 


As an initial synthetic goal, the novel N-substituted 3-aryl ac- 
rylamides (11-VII) were chosen. These compounds represent ana- 
logs in which the uracil portion of sparsomycin has been replaced 
by other heterocyclic or aromatic moieties and the sulfoxide por- 
tion has been replaced by sulfur. It was believed that these com- 
pounds retained a sufficient portion of the sparsomycin structure 
to warrant their preparation and testing as potential antitumor 
agents. 


Scheme I outlines the proposed synthetic approach. Condensa- 
tion of the amino ester (IX) with the appropriate acrylic acid 
should yield esters (X-XV), which could then be selectively re- 
duced to the desired compounds (11-VII). A synthetic pathway to 
the key intermediate (IX), involving the amino acid cystine, was 
developed (Scheme 11). Since sparsomycin is optically active with a 
D-configuration at the asymmetric carbon atom, D-cystine would 
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Figure 2-Plot of time between inoculation with herpes simplex 
and treatment with gossypol (5 pglml) versus the plaque-forming 
units observed. Key: ., control; and @, gossypol treated. 


lar mechanism may be operative in viral inactivation, 
it does not appear likely due to the good activity of 
apogoss ypol. 


An alternative mechanism of antiviral activity 
could be that these compounds bind to the virion en- 
velope and cause the subsequent destruction of the 
integrity or loss of the envelope. If the membrane is 
the site of action, the basis for the selective toxicity 
to the viral particle might result from the structural 
differences between the envelope membrane of 
herpes and the outer membrane of the host cell (14). 
An alternative basis of the selective toxicity to the 
viral particle might be that the host cell has the ca- 
pacity to repair membrane damage or inactivate gos- 
sypol and apogossypol. The viral particle, which is 
metabolically dormant, would not be expected to 
have either of these capabilities. 
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Demonstration of Claimed 
“Controlled-Release” Properties of a 
Drug Formulation 


Keyphrases Controlled-release propertiesof drugformulations- 
claimed uersus actual, blood level profiles compared to “plain-re- 
lease” blood level profiles Timed-release formulations-claimed 
versus actual “controlled-release” properties, blood level profiles 
compared to “plain-release” blood level profiles 


To the Editor: 


The concept of a “controlled-release” formulation 
of a drug is, by now, a familiar one. The basic idea is 
that of delaying or prolonging the in uiuo release of 
an orally administered drug. Controlled-release for- 
mulations are often termed “slow release,” “sus- 
tained release,” or “delayed release.” The advantages 
of such formulations are obvious; a sustained-release 
formulation, for example, which prolongs blood levels 
over a greater period and eliminates high peaks of 
drug concentration, allows the possibilities of less fre- 
quent dosing and the elimination of side effects relat- 
ed to peaks in the blood level profile. 


Two questions might reasonably be asked con- 
cerning a purportedly controlled-release formulation. 
First, is it efficacious in the dosage schedule recom- 


0.05 t 
I I I I I 


H O U R S  
0.00 1 2 3 4 5 6 7 8 9 1 0  


Figure 1-Illustratiue blood level curves. Key: - - -, controlled- 
release formulation; and -, plain-release formulation. 
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Figure 2-Blood leuel curues from a 40-mg plain-release tablet of 
caramiphen (- - -) and from a 40-mg controlled-release formula- 
tion of caramiphen (-). 


mended? And second, does it indeed have the prop- 
erty of controlled release claimed for it? The fact 
that a once-a-day administration of a certain amount 
of drug in a controlled-release formulation proves to 
be as efficacious as a conventional regimen of the 
same amount of drug given in three divided doses 
taken over 24 hr is, in itself, no proof of controlled re- 
lease. Figure 1 should make this clear. The single, 
plain dose might be highly effective therapeutically 
but never administered in this fashion because of, for 
example, the intolerable side effects associated with 
the high peak blood level. The purportedly con- 
trolled-release formulation might also be effective 
therapeutically in a once-a-day regimen without the 
accompaniment of side effects. However, one could 
hardly claim the controlled-release property for it on 
the basis of the blood level profile shown in Fig. 1. 
What appears to have happened is that the formula- 
tion simply makes the drug less available a t  the criti- 
cal point where side effects might occur. 


Apparently, the efficacy of a purportedly con- 
trolled-release formulation in the proposed regimen 
and its controlled-release character are independent 
questions requiring their own proof. Establishment 
of either one cannot be used to infer the presence of 
the other; the proof that a formulation possesses a 
controlled-release characteristic must be tackled di- 
rectly. For example, if the drug in question generates 
a pharmacological response that can be measured 
with reasonable precision, a.study measuring this re- 
sponse can be made the basis of a demonstration of 
the controlled-release property. In many cases, how- 
ever, the most convenient approach will be through a 
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Figure 3-Blood leuel curve- from a 40-mg controlled-release for- 
mulation of caramiphen (-) and predicted blood leuel curue from 
11 mg of caramiphen in a phin-release tablet administered at 
zero hr f- - -). 


HOURS 


Figure 4-Blood leuel curve from a 40-mg controlled-release for- 
mulation of caramiphen (-) and predicted blood leuel curue from 
a regimen of 11 mg of caramiphen at zero hr and 5 mg at 1 hr, 
both in plain-release tablets (- - -). 


pharmacokinetic study. A number of pharmacokinet- 
ic methods can be devised to demonstrate the con- 
trolled-release of a formulation; one that seems to 
represent the most generally satisfactory approach to 
the problem will be described here. 


The method proposed is that of determining the 
regimen of divided doses to which the controlled-re- 
lease formulation is equivalent in the sense that it 
generates an equivalent blood level profile over time. 
To illustrate the method, consider the blood level 
profiles (based on the mean from a number of 
subjects) obtained with two formulations of carami- 
phen: a 40-mg plain-release tablet and a 40-mg con- 
trolled-release formulation. Linear pharmacokinetics 
are assumed so that the predicted blood levels from 
any dose of caramiphen in the plain-release tablet 
can be obtained from the dotted line in Fig. 2 by scal- 
ing up or down by the appropriate factor. 


One then determines what dose of plain-release 
drug given a t  t = 0 appears to match the beginning of 
the controlled-release blood level curve. Scaling the 
dotted line curve in Fig. 2, one finds that 11 mg given 
in a plain-release tablet appears to be a good match 
(Fig. 3). To match further the controlled-release 
blood level curve, one then finds that 5 mg in a plain- 
release form appears to be needed at 1 hr (Fig. 4). 
Further doses are added where required to match the 
controlled-release blood level curve until the allotted 
40-mg dose is used up. The only principles involved 
are those of linear pharmacokinetics, involving scal- 
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Figure 5-Blood leuel curues from a 150-mg controlled-release 
formulation of phenylpropanolamine (-) and from a regimen to- 
taling 150 mg of phenylpropanolamine given in various doses at 
0, 1 ,2 ,3 ,5 ,  6, and 7hr  (---). 
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ing of curves, superpositioning, and adding of super- 
posed curves. 


Of course, one could fi t  a compartment model and 
proceed in a similar manner, but I have already ex- 
pressed a preference for using simple empirical tech- 
niques (1). What is required to achieve the curve 
matching expeditiously is a small digital computer 
with an oscilloscope-type display'. One sets up the 
controlled-release blood level curve as background on 
the oscilloscope and then tries to match i t  by trial 
and error, which usually requires 5-10 min. 


A t  this point, by theoretical pharmacokinetic com- 
putations, a regimen of plain-release doses has been 
derived which is predicted to match the controlled- 
release formulation with respect to its blood level 
curve. The next step is, of course, to verify the validi- 
ty of these theoretical calculations with an actual 
comparative trial in human subjects. Figure 5 shows 
the actual mean blood level curves of phenylpropa- 
nolamine obtained in a crossover trial in 12 subjects. 
A controlled-release formulation of 150 mg was com- 
pared with the following regimen: 


hours 
0 
1 
2 
3 
5 
6 
7 


dose, mg 
52.4 
21.4 
23.8 
23.8 
9.6 
9.6 
9.4 


This regimen was derived from pharmacokinetic 
computations of the type described. The blood level 
curves obtained in Fig. 5 appear to show a good 
match; apparently this regimen of divided doses does 
give rise to essentially the same blood level profile as 
the controlled-release formulation. 


The question still exists as to whether the divided 
dose regimen is sufficiently dispersed over time to 
merit the title controlled release for the formulation 
that it appears to mimic. As an extreme example, the 
controlled-release description would probably not be 
merited for a formulation that appears to be equiva- 
lent to a divided dose regimen of 145 mg a t  zero hr 
and 5 mg at 1 hr. Obviously, some arbitrary rules are 
needed. Nevertheless, the proposed method offers a 
reasonable way of handling the problem of demon- 
strating controlled release. 


So that no misunderstanding occurs, it should be 
noted that no claim is made that the divided dose 
regimen is a model of how the controlled-release for- 
mulation behaves in uiuo but rather that it gives rise 
to blood levels equivalent to those generated by the 
controlled-release formulation. 


(1) W. J. Westlake, J.  Pharrn. Sci., 60,882(1971). 
W .  J .  Westlake 
Smith Kline and French Laboratories 
Philadelphia, PA 19101 
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A PDP-12 has been found ideal for this purpose. 


Antitumor Agents XIV: Molephantinin, a 
New Potent Antitumor Sesquiterpene 
Lactone from Elephantopus mollis 


Keyphrases Elephantopus mollis H.S.K.-isolation and struc- 
ture determination of molephantinin, antitumor activity 0 
Molephantinin-isolation, structure determination, and antitumor 
activity Antitumor agents, potential-molephantinin, constitu- 
ent of Elephantopus mollis H.S.K. 0 Structure-activity relation- 
ships-sesquiterpene lactones as antitumor agents 


To the Editor: 
We recently reported the isolation and structure 


determination of two novel cytotoxic germacranol- 
ides, molephantin (IV) (1) and phantomolin (2), from 
Elephantopus mollis H.S.K. This report' involves 
the isolation of an additional new sesquiterpene lac- 
tone, molephantinin (I), from the winter collection of 
this same plant. Molephantinin showed significant 
(T/C 1 125%) inhibitory activity against the Walker 
256 carcinosarcoma in rats (T/C = 397%) at the 2.5- 
mg/kg level2. 


Molephantinin was isolated from the mother li- 
quor after the removal of molephantin and phanto- 
molin by silica gel column chromatography. Mole- 
phantinin, mp 223-225", has the composition 
C20H2406 and shows an IR spectrum very similar to 
that of molephantin, indicating the presence of a hy- 
droxy group (3420 cm-l), a y-lactone (1775 cm-'), 
and the conjugated enone system (1713 and 1650 
cm-'). The NMR spectrum of molephantinin is su- 
perimposable with that of molephantin, except for 
the signal patterns in the acid portion of the ester. 
These differences were observed in molephantinin as 
the broad vinyl multiplets a t  6 6.92 ( lH ,  H-19) and 
the vinyl methyl multiplets at 6 1.83 (6H, H-18 and 
H-20), which are the typical signals for the tigloyl 
group (5,6).  


Added confirmation for these assignments was ob- 
tained by a comparison of the mass spectra of mole- 
phantinin and molephantin. The base peak in the 
mass spectrum of molephantinin is at  m/e 83, due to 


I: R, = H, RL = CH,, 
11: R, = COCH:,, R, = CH, 
III: =O replaces R,Or ' - .H,  R2 = CH:$ 
IV: R, = H, R2 = H 
V: R, = COCH,, R, = H 


For Part XIII, see Ref. 3. For Part XII, see Ref. 2. 
*Antitumor activity was assayed by Dr. I. H. Hall, Department of Medici- 


nal Chemistry, School of Pharmacy, University of North Carolina at Chapel 
Hill, by a literature method (4). 
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Measurement of Surface Color and Color Difference of 
Tablet Colorants by Tristimulus Colorimetry 


FRANCES M. BOGDANSKY 


Abstract 0 The surface color of a series of color dispersions con- 
taining from one to three FD&C or D&C dyes suspended in a su- 
crose syrup was examined using tristimulus colorimetry. CIE ( x ,  y ) 
and Hunter (a, b ) chromaticity data, determined directly from an 
integrating sphere colorimeter or from reflectance spectra and 
suitable calculations, were used to order materials by color on ex- 
panded chromaticity diagrams. Color difference was evaluated 
quantitatively from Hunter (a, b)  data using the Judd color differ- 
ence formula. Quality control specifications were established ei- 
ther by defining areas of acceptable color by applying limits to the 
chromaticity coordinates of color standards or by requiring the 
Judd color difference to be less than a specific number of National 
Bureau of Standards standard units. This method eliminates the 
subjective character of color evaluation and permits the quantita- 
tion of visual color difference. These differences can he used, in 
conjunction with defined color standards, to develop color specifi- 
cations for tablet colorants, finished tablets, and liquid and cream 
pharmaceutical preparations. 


Keyphrases Color difference and surface color-measurement 
of tablet colorants by tristimulus colorimetry Tristimulus color- 
imetry-measurement of surface color and color difference of tab- 
let colorants Chromaticity data-surface color of series of FD&C 
and D&C color dispersions, tristimulus colorimetry Colorimetry, 
tristimulus-surface color and color difference of tablet colorants 


Many pharmaceutical tablets are coated with sugar 
suspensions of FD&C and D&C dyes for purposes of 
aesthetics, identification, and stability. Since it is de- 
sirable that all tablets coated with a specific colorant 
appear to be the same color, it is important that the 
coating material be of uniform and consistent color. 
The evaluation of surface color is usually a subjective 
test, dependent only on the ability of an individual to 
discriminate color differences visually. 


Because the eye is not an analytical instrument, i t  
is not capable of precisely defining color or of consis- 
tently discriminating small differences in color be- 
tween two similar substances. The eye also possesses 
only a limited memory for color, and the visual stor- 
age of color data is, therefore, extremely difficult. Vi- 
sual color determinations are complicated further by 
the fact that different individuals perceive the same 
color differently, and even the same individual often 
describes a single color in a different manner at dif- 
ferent times. 


Subjective color determination usually involves a 
visual comparison of the sample with some arbitrary 
color standard. This procedure necessitates reliance 
on color standards that are subject to change with 
time and are not permanent records of color. As a re- 
sult, methods often involve the frequent redefinition 
of color standards which can lead eventually to a 
gradual, but significant, change in acceptable color. 
There is, therefore, a necessity to define color in ab- 
solute terms and to develop a numerical method of 
color evaluation. 


Spectrophotometric techniques for the evaluation 
of surface color are not new. Trichromatic color mea- 
surement (tristimulus colorimetry) has been used 
successfully in the paint, textile, and plastic indus- 
tries for many years (1, 2). Some work also has been 
reported on color determination and color control in 
the food industry (3, 4). More recently, colorimetry 
has been employed in the determination of color sta- 
bility of pharmaceutical tablet formulations (5-18) 
and in the production of color matches for solid dos- 
age forms (19-21). This work describes the measure- 
ment of surface color by tristimulus colorimetry and 
the determination of color specifications for the rou- 
tine control of tablet colorants. 


THEORY 


Any color can be matched by an appropriate mixture of three se- 
lected radiations, usually saturated red (700 nm), green (546 nm), 
and blue (436 nm) (19). This phenomenon of three-color mixing 
and matching is attributed to the existence of a triple-receptor sys- 
tem in the eye, where the entire range of color sensations is derived 
from variations in the magnitude of responses in three forms of 
cone receptors. The spectral components of a beam of light enter- 
ing the eye are combined additively when focused OR the cone re- 
ceptors of the retina, so an additive color mixture system must 
provide the basis of color measurement (20). A system has heen 
developed by the Commission Internationale de  1'Eclairge (CIE) in 
terms of the amounts of three defined stimuli which, when mixed 
in fixed proportions, produce a complete color match with some es- 
tablished standard. The tristimulus values ( X ,  Y,  and Z )  of any 
sample are defined as the magnitudes of these three standard 
stimuli needed to produce a color match. 


When a colored surface is illuminated by a standardized illumi- 
nant and the flux incident on that reflecting surface has the spec- 
tral energy distribution, PA,  the tristimulus values of the reflected 


i i o  in 


c4hphP,Ic-, y P h (Eq. 2)  
3M ' IXII  


where P A  is the reflectance, PA = 1.000 for 100.0% reflectance, and 
f ~ ,  ?A, and t~ are the spectral tristimulus values (distribution coef- 
ficients) of the equal energy spectrum that have been determined 
from color matching experiments. Since the products f ,#A, YAP,, 
and i h P ~  for the standard sources are used frequently, tables of 
these products have been prepared with normalized g ,  distribution 
coefficients so that  J-;g,Pi d h  = 100.OOO1. The Y tristimulus value 
is a direct measure of the percent luminance of the colored surface. 
The chromaticity coordinates of the reflected light are calculated 
as follows: 


* The normalized energy-weighted distribution coefficients for numerous 
illurninants including the S, and D-6500 sources and the spectral distribu- 
tion coefficients have been tabulaLed hy CIE and are found in the literature 
(Ref. 20, pp. 316-330). 
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Figure 1-An (x, y)  chromaticity diagram prepared from the 
1931 C I E  chromaticity coordinates for a field subtending 2' 
(Ref. 19, p .  316). The colorants listed i n  Table I are located by 
their (x, y)  coordinates to define the region of the diagram where 
real colors are found. 


x = X / ( X  + Y + 2 )  
.v = Y / ( X  + Y + 2 )  


(Eq. 4 a )  


(Eq. 46) 


The x and y chromaticities can then be employed as coordinates 
to locate the position of the sample in a two-dimensional chroma- 
ticity diagram. 


The separation of points on the chromaticity diagram represents 
real differences in color. Color difference determinations are, how- 
ever, complicated because significant differences in (x, y ) chroma- 
ticity values do not necessarily produce significant visual differ- 
ences in color for all spectral regions (21). As a result, a nonuni- 
form distribution of colors on the chromaticity diagram is ob- 
tained. 


To produce a more uniform distribution of colors, a transforma- 
tion of the chromaticity diagram is required such that the distance 
between any two colors is a direct measure of their visual differ- 
ences. One transformation that has been widely used is the Hunter 
( a ,  b )  scale. The (a, b )  coordinates of a sample are derived from 
the (x. y ) chromaticity coordinates by the following expressions 
(22): 


A more uniform color diagram is obtained when a and b are em- 
ployed as the coordinates of the chromaticity diagram. 


Several methods are available for determining color difference 
quantitatively. The Judd color difference formula is widely used, 
especially in the form shown in Eq. 7 (23): 


A E  = [AL' + Aa' + Ab']'" (Eq. 7) 


where AL = [10Y11'2] - [lOY2"*], Aa = a, - a2. Ab = bl  - ba, 
and the color difference, AE, is expressed in National Bureau of 
Standards (NBS) units. The NBS unit, the color difference seen 
when AE = 1, is about three times smaller than can be perceived 
visually under the best conditions and corresponds to a chromatic- 
ity change of 0.0015-0.0025 in x and y for points in the center of 
the (x, y ) diagram. 
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EXPERIMENTAL 


The color dispersions investigated were purchased commercial- 
ly2. Each dispersion contains from one to three D&C or FD&C 
dyes adsorbed on alumina and suspended in a mixture of sucrose 
syrup, titanium dioxide, and sodium benzoate. 


Spectral samples were prepared by spreading 5-bm layers of the 
suspension on chromatography paper3 with a Bird applicator4. Re- 
flectance spectra for all samples were obtained over the 380-770- 
nm wavelength region using a reflectance spectrophotometer5 
equipped with a tungsten lamp. Spectra were recorded against vi- 
trolite reference plates6. The reflectance due to the reference was 
determined by running two matched vitrolite plates, and correc- 
tions for this reflectance always were made before the tristimulus 
values were calculated. Tristimulus and chromaticity data were 
calculated from reflectance values using Eqs. 1-4b and the CIE 
1964 10' energy-weighted distribution coefficients for the D-65007 
standard illurninants. 


Hunter (a, b )  coordinates and some tristimulus data were ob- 
tained using the CIE 1931 2' field and the standard illuminant, 
SrQ, with a direct readout colorimeter1° equipped with a tung- 
sten-halogen lamp and novoil filters". All samples were exam- 
ined using the colorimeter large sample beam and 1.9-cm (0.75- 
in.) aperture. 


2 Colorcon, Inc., West Point, Pa. 
3 Whatman 3MM chromatography paper. 
4 Precision Gage and Tool Co., Dayton, Ohio. 
5 Beckman DB-G spectrophotometer with reflectance attachment, Beck- 


man Instruments, Fullerton, Calif. 
Beckman Instruments. Fullerton, Calif. 


7 The Colorimetry Commission of CIE has defined standard spectral dis- 
tributions at various color temperatures, and the source D-650,  with a color 
temperature of 6500°K, has been selected as typical of average daylight 
(Ref. 19, p. 7) .  


8 Individual calculations were made at 10-nm intervals over the 770-380- 
nm wavelength region, and a summation of these was made to  evaluate X, Y, 
and Z. The energy-weighted distribution coefficients used ate tabulated in 
the literature (Ref. 19, pp. 316-330). 


9 The 1931 CIE source S,,  with a color temperature of 67W°K, approxi- 
mates average daylight. The source consists of a gas-filled tungsten lamp 
used in conjunction with two color filters (Ref. 19, p. 309). 


10 Gardner XL-10, Gardner Laboratory, Inc., Bethesda, Md. 
11 Gardner Laboratory, Inc., Bethesda. Md.  The novoil filters absorb UV 


light and simplify measurements on fluorescent samples. 


324 /Journal of Pharmaceutical Sciences 







Table I-(x, y) and (a, b) Chromaticity Data for Colorants 


Sam- 
ple Color Composition" Xb Y 10Y'h a b 


A P  Apricot Y5, Y6 0.474 f 0.0002 0.415 f 0.0001 77.3 f 0.06 22.5 f 0.10 41.7 f 0.06 


BE Beige B2,R2, Y5 0.351 f 0.0001 0.346 f 0.0002 79.4 f 0.10 5 .0  f 0.06 14.2 f 0.06 
BR Brick red R7, R36 0.536 f 0.0028 0.318 f 0,0010 35.1 f 0.06 44.7 f 0.06 14.3 f 0.06 
BS Burnt  B2, R3, Y5 0.477 f 0.0000 0.326 f 0,0000 38.5 f 0.06 32.7 f 0.06 12.7 f 0.06 


CO Coral R3, Y5 0.441 f 0.0004 0.353 f 0.0003 69.8 f 0.06 33.7 f 0.15 24.5 f 0.06 
CR Cranberry R3,Y5, Y6 0.557 f 0.0010 0.296 f 0.0006 32.2 f 0.06 50.8 f 0.25 12.5 f 0.12 
F G  Forest B1, V1, Y5 0.289 f 0.0006 0.371 f 0,0019 29.1 f 0.12 -10.5 f 0.12 4.0 f 0.15 


GO Gold R2,Y5,Y6 0.468 f 0.0004 0.411 f 0.0000 70.7 f 0.10 19.7 f 0.06 36.9 f 0.06 
J R  Jasper red R2, R3, Y5, 0.481 f 0.0004 0.334 f 0.0001 46.3 f 0.06 37.4 f 0.15 16.8 f 0.06 


OR Orange R3. Y5 0.538 I 0.0005 0.375 f 0,0006 57.9 + 0.06 47.3 f 0.12 32.2 f 0.06 


BB Baby blue B1, Y5 0.269 f 0.0004 0.302 f 0.0002 78.0 f 0.06 72.0 =I= 0.06 -11.3 f 0.10 


sienna 
CH Chartreuse G3, Y5 0.418 f 0.0004 0.449 f 0.0005 72.6 f 0.07 -6.5 & 0.05 37.9 f 0.11 


green 


Y6 


4 


+ 
4 


38.0 


5 
37.0 


0 
0 
0 5 36.0 
+ 
Z 
3 
135.0 


PE Pea& Y5; Y6 0.434 I 0.0001 0.398 f 0.0002 81.1 f 0.06 16.0 f 0.06 36.3 f 0.06 
P U  Purple B l , V l ,  Y5 0.229 f 0.0008 0.160 f 0.0013 34.2 f 0.43 27.0 zt 0.32 -53.1 f 0.65 
PY Pale Y5 0.367 f 0.0002 0.378 f 0,0000 93.7 f 0.06 -1.6 f 0.06 28.0 f 0.06 


. 


. 


. 


. 


yellow 
RU Rust  R2,R3,R36 0.489 & 0.0018 0.336 f 0.0020 30.8 f 0.11 25.9 f 0.06 11.4 f 0.06 
SA Saffron Y5 0.496 f 0.0004 0.435 f 0.0005 77.0 f 0.20 22.2 f 0.35 46.4 f 0.17 
T U  Turquoise B1, V1, Y5 0.253 f 0.0004 0.338 f 0.0005 56.0 f 0.17 -23.1 f 0.17 -1.1 f 0.10 
W H  White B2 0.314 f 0.0001 0,322 f 0,0000 95.4 f 0.28 -0.6 + 0.06 2.4 f 0.11 


a Samples are dispersions of FDOC or D&C lakes in sucrose suspensions containing titanium dioxide and sodium benzoate. B1 = FD&C Blue No. 1, B2 = 
FD&C Blue No. 2, G3 = FD&C Green No. 3, R2 = FD&C Red No. 2, R3 = FD&C Red No. 3, RI = D&C Red No. 7, R36 = D&C Red No. 36, V1 = 
FD&C Violet No. 1 (deliit&), Y5 = FD&C Yellow No. 5, and Y6 = FD&C Yellow No. 6. b The (x, y )  and (a,  6 )  data were obtained with a colorimeter 
having a field subtending 2' and using the standard illuminant Sc. 


RESULTS AND DISCUSSION 


The 1931 CIE (r, y )  spectral chromaticity coordinates are plot- 
ted in Fig. 1, and the Hunter (a, b )  transformation of these coordi- 
nates is shown in Fig. 2. The curved portion of both diagrams rep- 
resents the loci of spectral colors. Pure white for illuminant s, is 
located near the center in each diagram with coordinates x = 
0,3100, y = 0.3161 and a = 0.031, b = -0.042 (24). Sample colors 
are represented by points lying within the spectral boundary. The 
effect of the Hunter transformation is to shorten the green region 
(550490 nm) and to expand the blue region (490-400 nm), pro- 
ducing a more uniform chromaticity diagram. 


Once a color is located on a chromaticity diagram by its ( x ,  y )  
coordinates, an additional property of the color, dominant wave- 
length, can be defined (25). The dominant wavelength is deter- 
mined by drawing a line from the white point through the color 
point to intersect the spectral locus at some specific wavelength. 
For colors lying below the white point, i.e., in the purple and ma- 
roon regions, the dominant wavelength is the complimentary 
wavelength found by drawing a line from the color point through 
the white point to intersect the spectrum locus. 


To evaluate surface colors quantitatively and to locate these col- 
ors on both the ( x ,  y ) and (a, b )  chromaticity diagrams, data for a 
series of color dispersions were obtained (Table I). Relative stan- 
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( a )  


dard deviations were calculated for both (x, y )  and (a, b )  chroma- 
ticity coordinates for all samples and were found to be less than 
*1.2% for most colorants. Chromaticity data are highly reproduci- 
ble and, therefore, useful for the determination of small color dif- 
ferences. The data from Table I are plotted on the ( x ,  y )  diagram 
(Fig. 1) and the expanded portion of the (a, b )  chromaticity plot 
shown in Fig. 2. Both diagrams locate materials by color. Colors on 
the Hunter (a, b ) diagram are noticeably more separated, especial- 
ly in the red-yellow and blue-green regions. As a consequence, 
very similar colors, e.g., BS, JR, and RU and A P  and GO, are more 
easily distinguished on the (a, b )  than on the (x, y )  chromaticity 
plot. Since the Hunter (a, b ) scale was designed to create a more 
uniform measurement of color difference, equal increments in ei- 
ther a or b produce nearly the same visual color difference in the 
red as in the green and blue regions of the diagram. 


Small differences in color were evaluated using three color sus- 
pensions, the chartreuse material (CH), the purple suspension 
(PU), and the white colorant (WH). Color data were obtained ei- 
ther directly, using an integrating sphere colorimeter, or from re- 
flectance spectra and suitable calculations using Eqs. 1-46 (Table 
11). A two-way analysis of variance showed the data for all samples 
of each of the three colorants to be significantly different from 
each other. In addition, the statistical analysis showed 10 replicate 
determinations of color data for a single sample to be not signifi- 


-12.0 -11.0 -10.0 -9.0 -8.0 -7.0 -6.0 
HUNTER COORDINATE, a 


(b )  


Figure 3- (a) Expznded (x, y) chromzticity diagram for the chartreuse material (CH). Chromaticity coordinates were obtained 
using the 1931 C I E  2' energy-weighted distribution coeficients for illuminant S,. (b) Expanded Hunter (a, b) diagram for the 
chzrtreuse colorant (CH). The (a, b) coordinate values wzre determined for the 1931 C I E  2" field data and thestandard illuminont 
S,. Key: 0, experimental data; and 0, calculated data. 
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Table II-(x, y )  a n d  (a,  b )  Chromatici ty  Data for Samples  of Three Colorants 


Colorant Sample X Y lOY'/? a b 


CHa l b  0.400 0.445 78 .6  -11 .5  38.6 
2b 0.398 0.445 78 .0  -11 .9  38.2 
3 0.411 0.449 72.2 - 8 . 5  36.9 
4 0.408 0.448 72 . O  - 9 . 3  36.5 
5 0.410 0.449 72 .5  - 8 . 8  37.0 
6 0.404 0.448 72 .9  -10.1 36.5 
7 0.418 f 0.0004 0.449 f 0.0005 72.6 f 0.06 - 6 . 5  f 0.04  37.9 f 0 .13  


PUC 1 0.238 
2 0.236 ~ . 


3 0.238 
4 0.237 
5 0.235 
6 0.238 
7 0.236 


0.207 
0.182 
0.187 
0.178 
0.185 
0.192 
0.194 


43.1 


38.2 
36.4 
37.1 
39.8 


16 .1  -43.0 


24.3 
26 .1  
24 .3  
21.9 


-51 .2  
-54.0 
-52.2 
-49.9 


WHc 


8 01234 f 0.0016 0.190 f 0.0006 40 .5  22 .8  -53.6 
9 0.238 0.185 


10 0.233 0.173 34.2 f 0 . 4 0  27.0  f 0.29 -53.1 f 0.61 
1 0.318 0.336 92 .6  - 0 . 7  4 .O 
2 0.325 0.340 91.1 0 .o 6 .O  
3 0.324 0.340 91.9 - 0 . 1  5 . 8  
4 0,325 0.341 90 .9  - 0 . 6  5 . 5  
5 0.314 f 0.0003 0.330 f 0.0002 95 .4  f 0.23 - 0 . 5  f 0 .03  2 . 4  =k 0.07 
6 0.311 0.328 92.9 - 1 . 2  0 . 5  


' I  The(x, y) and (a, b)  data were obtained with a colorimeter having a field subtending 2" and using the standard illurninant S.. b The (x, y) data were con- 
verted to (R. b )  data using Eqs. 5 and 6 with lOY'/? = 72.4, and the following reaults were obtained: Sample 1, a = - 10.6. b = 35.6; and Sample 2, R = - 11.0, 
b = 35.4. These values are used only for illustrative purposes. C The (x. y )  data were obtained from reflectance spectra and suitable calculations using 10' 
energy-weighted distribution coefficients for the D-6500 standard illurninant. The ( a ,  b )  data were obtained with a colorimeter having a 2" field and uxing the 
standard illurninant Sc. 


cantly different. As a result, small differences in color between dif- 
ferent samples of a single colorant are real and not a consequence 
of experimental error. 


The chartreuse material (CH) is a mixture of FD&C Yellow No. 
5 and FD&C Green No. 3 in a sugar suspension. Seven discrete 
samples of this material were examined, and the expanded chro- 
maticity diagrams, prepared by plotting the ( x ,  y )  and (a, b) data 
from Table 11, are shown in Figs. 3a and 36. The positions of the 
samples on the diagrams define their color. The line drawn on the 
( x ,  y) plot represents the directibn of color shading found for these 
samples, from green a t  the lower left to yellow a t  the upper right. 
The (a, b) plot is more complex, since five of the seven points lie on 
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Figure 4-(a) Expanded (x, y)  chromaticity diagram for the 
purple color dispersion ( P U )  using the CZE 1964 10' energy- 
weighted distribution coefficients and the 0-6500 illurninant. 
(b) The expanded Hunter (a, b) diagram for the purple 
material ( P U ) .  Coordinate values were determined for stundard 
illumrnant S, and the 1931 2' field data. 


a straight line which again defines color shading from green a t  the 
lower left to yellow a t  the upper right, while two points, repre- 
senting the color positions of Samples 1 and 2, lie significantly off 
this line. Closer examination of the data and the expressions for 
the (a, b) transformations provides an adequate explanation. 
Equations 5 and 6, for the conversion of ( x ,  y )  to (a,  b) data, in- 
clude the term P I 2 ,  which is a measure of the lightness of the sam- 
ple. A linear (a, b)  relationship is expected from a linear ( x ,  y )  rela- 
tionship only when the P I 2  term remains constant. The data in 
Table I1 show that all samples except 1 and 2 have nearly the same 
[10P/2] (average for Samples 3-7 is 72.4). If the average 
value of [10V/2] found for Samples 3-7 is used to convert the ( x ,  y )  
to (a, b) data for Samples 1 and 2, the resulting values lie on the 
line. Consequently, (a, b) data and their associated chromaticity 
diagrams have the advantage of discriminating not only differ- 
ences in surface color but also differences in sample lightness. 


Chromaticity diagrams also can be used for the quality control 
evaluation of surface color and for the establishment of acceptable 
limits of color variation. The method can be illustrated using the 
data for the chartreuse material in Table I1 and Figs. 3a and 36. 
Those samples of the chartreuse material considered to have ac- 
ceptable color as judged subjectively were identified and located 
on the chromaticity diagrams. In this example, only Samples 3-6 
were thought to be acceptable; Samples 1 and 2 were considered 
too green and Sample 7 too yellow. An area of acceptable color was 
created by placing limits on the ( x ,  y) and (a, b )  coordinates: for 
the ( x ,  y) diagram, 0.402 I x I 0.414 and 0.446 I y 5 0.450; for the 
Hunter (a, b)  diagram, -7.2 I a 5 -10.7 and 35.5 I b I 37.7. 


If a reference standard is established for any surface color, all 
further subjectivity in color difference measurement can be elimi- 
nated by employing the color difference formula shown in Eq. 7. 
Color difference can be expressed in NBS units, and limits of ar- 
ceptability for a sample when compared to a standard also can be 
defined in NBS units rather than by a subjective examination. For 
example, Sample 4 of the chartreuse material was designated as 
the reference standard and acceptable samples were required to 
have color differences less than 3 NBS units when calculated rela- 
tive to the standard. Suitable calculations using Eq. 7 showed 
Samples 1, 2, and 7 to have color differences of 7.3, 6.8, and 3.2 
NBS units, respectively, while Samples 3, 5, and 6 had differences 
of only 0.92, 0.87, and 1.2 NBS units, respectively. Samples 1, 2, 
and 7, since they differed from the standard by more than 3 NBS 
units, did not have acceptable surface colors. 


A series of samples of the purple colorant (PU), a sugar suspen- 
sion of three FD&C dyes (Blue No. 1, Yellow No. 5, and Violet No. 
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( a )  (b) 
Figure 5-(a) Expanded (x, y) chromaticity diagram for the white color dispersion (WH) .  Coordinates were eualuated 
using the 1964 10” energy-weighted distribution coefficients for the illuminant 0-6500. (b) Expanded Hunter (a, b)  diagram for 
colorant ( W H ) .  Coordinates were obtained for illuminant S, and the 1931 2” field data. 


112) also was examined, and the color data are collected in Table 11. 
The expanded scale chromaticity diagrams (Figs. 4a and 46) de- 
scribe the gradual shading of this material from a deep, intense 
purple at the lower extreme to a violet color with a distinct blue 
cast a t  the upper extreme. The line drawn through the data points 
on both chromaticity diagrams defines the direction of color shad- 
ing as described by the dominant wavelength of the samples. As a 
+esult, the differences in the slopes of the (x, y ) and (a, b ) plots are 
directly related to the transformation of the (x, y )  spectral bound- 
ary (Figs. 1 and 2). In both chromaticity diagrams, Sample 1 is sig- 
nificantly different from all other samples, having far more blue 
color. The desirable color for this purple material was selected 
subjectively as the color of Samples 4 and 10. Samples 1,6, 7, and 8 
were considered too blue to be acceptable. 


A region of acceptable color was created by placing arbitrary 
limitations on the color coordinates: 0.230 I x 5 0.243 and 0.167 I 
y I 0.188 and 23.3 I a I 29.3 and -50.5 I b I -56.5. Under these 
conditions, Samples 3 and 8 became borderline cases. If Sample 10 
is defined as the reference standard for the purple colorant, color 
difference can be evaluated in terms of NBS units using the Judd 
formula. The following values were obtained for Samples 1, 3 ,4 ,5 ,  
6, and 8, respectively: 17.3, 5.2, 1.8, 4.1, 8.2, and 7.6 NBS units. For 
control purposes, a hE value greater than 5 will cause a sample to  
be rejected because of unsuitable surface color. For the data pre- 
sented, only Samples 4 and 5 are unquestionably acceptable while 
Sample 3 is borderline. 


Color data were obtained for a third dispersion, the white colo- 
rant (WH), which is a suspension of FD&C Blue No. 2 in a sucrose 
solution. These data are shown graphically in Figs. 5a and 56. The 
linear relationships found for both the (x, y ) and (a, b ) chromatic- 
ity plots represent the shading of samples from the blue region at 
the lower left to the yellow region in the upper right. A subjective 
examination of the white color samples revealed that Samples 2-4 
were all yellowish and were, therefore, unacceptable. Sample 5 was 
considered most desirable while Samples 1 and 6, although having 
slight yellow and blue casts, respectively, represented the limits of 
colorant acceptability. On this basis, the following limits on the 
chromaticity coordinates were established: 0.310 5 x I 0.319 and 
0.327 I y I 0.337, -1.25 I a I -0.25 and 0.50 I b I 4.50. In  
terms of NBS units, these limits represent f 3  units around the 
coordinates for Sample 5. 


l 2  FD&C Violet No. 1 has been delisted by the Food and Drug Adminis- 
tration. The samples examined were several years old and did contain 
FD&C Violet No. 1. 


CONCLUSIONS 


Surface color and small differences in color are evaluated quan- 
titatively for a series of tablet colorants from tristimulus and (n, y ) 
chromaticity values, determined either directly from integrating 
sphere colorimeters or from reflectance spectra and suitable calcu- 
lations. Color data are plotted to give chromaticity diagrams which 
function to order materials by color. These diagrams eliminate 
subjectivity from color evaluation and from subsequent sample ac- 
ceptance or rejection by permitting the selection of a color stan- 
dard and applying limits to the chromaticity coordinates to define 
an area of acceptable color. Since the (x, y ) scale is not uniform, 
limits of acceptability are established independently for both the x 
and y coordinates and for every distinct color. 


In an effort to simplify the measurement of color differences, 
the more uniform Hunter scale is used. Hunter (a, b) coordinates 
are obtained either directly from an integrating sphere colorimeter 
or from a transformation of the ( x ,  y )  coordinates. Expanded chro- 
maticity diagrams prepared from the Hunter data also order mate- 
rials by color and have the added advantage that the distance be- 
tween any two colors can be regarded as nearly a direct measure of 
visual difference. The use of these uniform scales permits the defi- 
nition of color difference in terms of the NBS unit, and limits of 
acceptability are established in terms of these units. 


The compilation of tristimulus and chromaticity information 
provides a permanent detailed description of a colored sample and 
defines quantitatively the color difference between the sample and 
its established standard. The subjectivity of an individual in 
discriminating color difference is, therefore, replaced by an abso- 
lute numerical method that permits the establishment of discrete 
control specifications for surface colors. 
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Intragranular Starch: Comparison of 
Starch USP and Modified Cornstarch 


JOSEPH B. SCHWARTZX, ELLWOOD T. MARTIN, and EUGENE J. DEHNER 


Abstract Incorporation of starch USP or a modified cornstarch 
within the granules of several drug formulations was investigated. 
In general, the formulation containing the modified starch exhib- 
ited improved processing characteristics as well as improved tablet 
properties. A comparison of a granulated and a direct compression 
formulation of the same ingredients indicated that granulation of 
an active ingredient is not necessarily detrimental to its (pharma- 
ceutical) availability. 


Keyphrases 0 Starch-comparison of starch USP and modified 
cornstarch Excipients-comparison of starch USP and modified 
cornstarch 0 Disintegrants-comparison of starch USP and modi- 
fied cornstarch Binding agents-comparison of starch USP and 
modified cornstarch 


Direct compression of pharmaceutical tablets has 
become an integral part of pharmacy in recent years, 
and several components have been designed and 
marketed especially for use in such systems. For ex- 
ample, Manudhane et al. (1) discussed the use of a 
modified cornstarch’ in direct compression formulas. 
Starch USP is a common excipient in solid dosage 
forms, both as a binder and as a disintegrant (2). 


When cornstarch, in either of these two forms, is 
added to a formulation in the dry state (prior to the 
lubricating step), its use is that of a disintegrant. 
When it is incorporated into the granule, either as a 
paste or dry (prior to granulation with some other 
agent), both the binding property and the disinte- 


’ Sta Rx 1500 starch, A. E. Staley Manufacturing Co., Decatur, Ill. 
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grant property may be operative. It is this dual prop- 
erty that is of interest in this study. 


This work documents a comparison of starch USP 
and a modified cornstarch incorporated in the gran- 
ules of several drug formulations. Their processing 
properties and their relative pharmaceutical availabi- 
lities, as indicated by dissolution measurements, were 
studied. 


EXPERIMENTAL 


Materials-Excipients used in preparing the tablets included 
starch USP, a modified cornstarch’, microcrystalline cellulose*, 
spray-dried lactose3, and magnesium stearate USP. Active ingredi- 
ents included acetaminophen4, ascorbic acid5, chlorothiazide5, le- 
vodopa6, methyldopa5, and probenecid5. 


Tablet  Preparation-The active ingredients selected were all 
a t  a dosage of 500 mg, and tablet composition was identical for all 
drugs. The excipients were maintained constant in the experimen- 
tal plan, although the formulation may not have been ideal for any 
one of the drugs. Batch sizes remained constant at  1000 tablets. 


Granulations of 500 g of each active ingredient and 60 g of either 
starch USP or the modified cornstarch with a 7.0% starch paste 
(65O) were processed in a planetary mixer7. In all cases, the starch 
paste was prepared with starch USP. The wet granulations were 
manually screened through a No. 6 screen and oven dried over- 
night at  45”. After dry milling8, the granulations were blendeds 


Avicel PH 101, FMC Corp., American Viscose Division, Newark, Del 
Foremost-McKesson, Inc., San Francisco, Calif. 
S. B. Penick & Co., New York, N.Y. 
Merck & Co.. Rahwav, N.J. 
Monsanto Co., St. Louis, Mo. 
Kitchen Aid model K-45, Hobart Manufacturing Co., Troy, Ohio. 
Homoloid, 0.13-cm (0.050-in.) screen. 
Patterson Kelley V-blender. 








Antitumor Agents 11: Nitrogen Analogs of 
Mycophenolic Acid 


J. A. BEISLER’and SHARON S. HILLERY 


Abstract Mycophenolic acid, a novel antibiotic of low toxicity 
containing no nitrogen atoms in its structure, induces tumor re- 
gression in several murine solid tumor assays. It has been reported 
in extensive structure-activity studies that chemical modifications 
on the antibiotic itself reduce or eliminate antitumor activity. 
With the objective of antitumor activity enhancement, nitrogen- 
containing analogs of mycophenolic acid were synthesized accord- 
ing to a program directed toward the ultimate synthesis of close 
bioisosteres of the antibiotic. Initial efforts reported here describe 
the terpenoid side-chain degradation of N- geranyl-2(1H)-pyri- 
dones and N- geranylglutarimides, where the terminal isopropyli- 
dene is replaced with a carboxyl group as it occurs in mycophenolic 
acid. The resulting nitrogen-containing analogs of the antitumor 
antibiotic were inactive in the L-1210 and Walker 256 tumor sys- 
tems. 


Keyphrases 0 Mycophenolic acid-synthesis and antitumor eval- 
uation of nitrogen analogs Antitumor agents-synthesis and an- 
titumor evaluation of nitrogen analogs of mycophenolic acid 


Mycophenolic acid (I) was first isolated more than 
75 years ago (1) from Penicillium culture filtrates 
and was subsequently shown to possess weak anti- 
fungal and antibacterial properties (2-4). Renewed 
interest in the metabolite was created by communica- 
tions from three laboratories (5-7) describing its an- 
tiviral and antitumor properties. 


Virus-induced Rous sarcoma and Friend leukemia 
were found to be inhibited by I. Although I does not 
inhibit the growth of L-1210, P-388, and other mu- 
rine leukemias, it does cause tumor regression in the 
Walker 256, Sarcoma 180, Lewis lung, and Mecca 


OH 0 


CH, 
I 


lymphosarcoma solid tumor systems. The solid me- 
tastasizing tumors can be considered good experi- 
mental models of the clinical situation wherein che- 
motherapy finds its greatest challenge. 


Extensive structure-activity relationship studies 
(8, 9) revealed that even slight structural modifica- 
tions of I reduced or eliminated antitumor activity. 
None of the synthetic analogs of I reported to date 
has shown an activity greater than the parent. 


Because of its interesting spectrum of antitumor 
activity, its unique structure with respect to other 
antitumor agents, and its low toxicity in rodents (9) 
and as observed in clinical trials (10, ll), a synthetic 
study was initiated to develop novel analogs of I as 
part of a continuing interest in antitumor agents1. 


Part I of series; J. A. Beisler, J.  Med. Chem.. 14, 1116(1971). 


II: R = H  
111 R = CO,CH, 
IV: R = NO, 


OHC 


VII: R = H 
VIII R = CO,CH, 


IX: R = NO, 


XII: R = H 
XIII: R = COJXj 
XIV: R = NO? 


Scheme I 


Accordingly, this report describes current efforts to 
prepare nitrogen analogs of mycophenolic acid. 


RESULTS AND DISCUSSION 


Tracer experiments have shown that the isoprenoid side chain of 
mycophenolic acid arises biosynthetically by a selective cleavage of 
the central double bond in a farnesyl phthalide precursor (12). The 


two steps /LA/-..... 0 Ri R, 


V: R, = RL = H 
VI: R, = CH,!, R2 = CH,CH,, 


Xi: R, = R2 = H 
XI: R, = CH3, & = CH,CH, 


X V  R , = R , = H  
XVI R, = CH, RL = CH2CHJ 


Scheme II  
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Table I-Experimental Data 


Analysis, % 
Com- Boiling Point (mm Hg) Pro- 
pound Melting Point  (Solvent) cedure Yield, % Formula Calc. Found 


I1 


I11 


IV 


V 


VI 


VIIa 


VIIIC 


1x0 


Xa 


XI. 


XI1 


XIIe 


XI11 


XIV 


xv 


XVI 


126-130°(0 .2) 


169-171°(0.15) 


38-40 O 


(hexane) 


144-148' (0.3) 


140-144' (0.15) 


140-141 O 


(ethanol) 


135-136 O 


(water) 


185-186 O 


(dimethylformamide-water) 


(ethanol) 


(ethanol) 


Oil 


119-120 O 


107-109O 


112-113' 
(2-propanol-ether) 


90-91 O 


(ethyl acetate-hexane) 


87-88 O 


(ether-cyclohexane) 


95-96' 
(ether) 


Oil 


73 


70 


76 


68 


79 


43b 


62b 


3 5 b  


56d 


93d 


60 


- 


52 


76 


63 


74 


C 77 .88  
H 9 . 1 5  
N 6 .05  
C 70.56 
H 8 . 0 1  
N 4 . 8 4  
C 65.19 
H 7 .30  
N 10.14 
C 72 .25  
H 9 . 3 0  
N 5 . 6 2  
C 74.18 
H 1 0 . 0 3  
N 4 .81  
C 56.10 
H 4 . 9 8  
N 18.17 
C 56.24 
H 6 . 2 9  
N 17.49 
C 50.23 
H 4 .22  
N 19 .53  
c 53.59 
H 5 .25  
N 17.36 
C 56 .62  
H 6 .11  
N 15.72 
C 65 .14  
H 6 . 8 3  
N 6 . 3 3  
c 33.94  
H 3 .32  
N 3.30 
C 60.20 
H 6 . 1 4  
N 5 . 0 2  
C 5 4 . 1 3  
H 5.30 
N 10.52 
C 60.24 
H 7 .16  
N 5 .85  
C 64 .03  
H 8 . 2 4  
N 4 . 9 8  


78 .15  
9 .40  
5 . 8 9  


70.36 
8.03 
5 . 0 1  


64.97 
7 .50  
9 . 9 3  


72.29 
9 .44  
5 . 4 1  


74.11 
1 0 . 1 1  
4 . 6 9  


55.97 
4 . 9 1  


17 .96  
56.15 


6 . 2 1  
1 7 . 3 2  
50.39 


4 . 2 8  
19 .57  
53 .54  
5 .07  


17 .30  
56 .46  
6 . 0 3  


15 .60  
65.12 


6 . 8 4  
6 . 2 4  


34.08 
3 .38  
3 . 2 8  


60.34 
6 . 1 7  
4 . 9 6  


54 .27  
5.35 


10 .48  
60 .45  


6 . 9 9  
5 . 7 8  


63.90 
8 . 3 6  
5 . 0 7  


n Characterized in melting point and analyzed as the 2,4-dinitrophenylhydrazone. * Percentage yield over three synthetic steps. C Characterized in melting 
point and analyzed as the semicarbazone. d Percentage yield over two synthetic steps. e The thallium salt of the carboxylic acid. 


cleavage of the 15-carbon atom farnesyl side chain results in the 
loss of eight atoms while forming the carboxyl function character- 
istic of the antibiotic. 


It was thought that a similar procedure could he adopted from 
the biosynthesis to develop analogs of I in the necessary multigram 
amounts required for antitumor testing. However, the Clo geranyl 
group (i.e.,  having one less isoprene unit than the farnesyl group) 
seemed more practical for laboratory synthesis and would also af- 
ford a double bond in the side chain in the desired position and 
with a trans- disposition as required by I. 


It has been demonstrated that one may selectively epoxidize the 
terminal isopropylidene of the tetrahydropyranyl and acetyl deriv- 
atives of geraniol (13). Therefore, it was hoped that the geranyl 
group bonded to a heterocyclic moiety could also be selectively 
epoxidized, leading ultimately to the ejection of a three-carbon 
fragment and formation of a terminal carboxyl group. To that end, 
geranyl chloride (14) was condensed with 2(1H)-pyridone, 5-car- 
bomethoxy-2( 1H)-pyridone, and 5-nitro-2(1H)-pyridone in di- 
methylformamide solution in the presence of sodium hydride to 
give the N- alkylated products 11,111, and IV, respectively. 


The geranyl pyridones were epoxidized in moderate yield with 


m- chloroperbenzoic acid a t  the terminal double bond in each in- 
stance to the exclusion of any other ether-soluble epoxide prod- 
ucts2. Following conversion of the epoxides to glycol derivatives 
with dilute sulfuric acid, the respective aldehydes (VII, VIII, and 
IX) were formed uia sodium metaperiodate oxidation (Scheme I). 


Glutarimide and bemegride (4-ethyl-4-methylglutarimide) were 
converted into salts with lithium hydroxide in dimethylformamide 
solution and condensed with geranyl chloride to provide V and VI, 
respectively. Epoxidation of V and VI proceeded selectively as al- 
ready described for the pyridone derivatives (Scheme 11). How- 
ever, through the agency of periodic acid in ether solution, it was 
possible to cleave the epoxides of V and VI directly into the re- 
spective aldehydes (X and XI) without a glycol intermediate. 


The aldehydes derived from both the pyridones and the glutari- 
mides were oxidized to their respective carboxylic acids (XII-XVI) 
with freshly precipitated silver oxide. 


'In spite of a 50% excess of peracid, it was never quite possible to bring 
the reaction to completion. TLC always indicated a small amount of starting 
material. 
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Table 11-Spectral Data 


NMR, ppm, 6 IR, cm-1 


H3C 


/'='\ H3C 


- 


H H P C  \ /  
/ \ /  


/c=c\ -CH,N 
\ /  


/c=c\ \ 
Com- C H O  or 
pound COOH 


- 
I1 5 . 2 6  (m,2H) 4 . 6 4  (d,2H) 1 . 8 2  (s,3H) 1 . 6 2  (s,3H) 1653 1582 1529 


I11 5 . 1 7  (m,2H) 4 . 5 9  (d,2H) 1.81 (s,3H) 1 . 6 1  (s,3H) 1720 1660 1610 1540 


I V  5.19 (m,2H) 4 . 5 7  (d,2H) 1 . 8 3  (s,3H) 1 . 5 9  (s,3H) 1670 1606 1555 


1 . 6 9  (s,3H) 


1 . 6 6  (s,3H) 


1 . 6 7  (s,3H) 


1.66 (s,3H) 
VI 5.18 (m,2H) 4 . 4 3  (d,2H) 1.80 (s,3H) 1 . 6 0  (s,3H) 


1 . 6 8  (s,3H) 


V 5.05 (m,2H) 4 . 2 3  (d,2H) 1.75 (s,3H) 1 . 5 8  (s,3H) 1714 1668 


V I I  9 .80 ( t , l H )  5 . 4 0  ( t , l H )  4 . 6 0  (d,2H) 1.83 (s,3H) 1712 1647 1572 


I X  9 . 8 4  ( t , l H )  5 . 4 1  ( t , l H )  4 . 6 6  (d,2H) 1 . 8 7  (s,3H) 1716 1669 1604 


X I  9.75 ( t , l H )  5.18 ( t , l H )  4 . 4 7  (d,2H) 1 . 8 1  (s,3H) 
XI1 9 .49  ( s , lH)  5 . 3 8  ( t , l H )  4 . 6 2  (d,2H) 1 . 8 1  (s,3H) 1700 1646 1573 


XI11 9 . 8 1  ( s , l H )  5 . 4 0  ( t , l H )  4 .62  (d,2H) 1 . 8 4  (s,3H) 1705 1660 1600 
X I V  9 . 7 2  ( s , l H )  5 . 4 3  ( t , l H )  4 . 6 6  (d,2H) 1.86 (s,3H) 


X V  10 .03  ( s , lH)  5 . 2 2  ( t , l H )  4 . 4 1  (d,2H) 1 . 8 2  (s,3H) 1715 1705 1665 
X V I  9 . 3 3  ( s , lH)  5.18 ( t , l H )  4 . 3 8  (d,2H) 1.80 (s,3H) 1710 1660 


VI I I  9 .80 ( t , l H )  5 . 3 6  ( t , l H )  4 . 6 0  (d,2H) 1 . 8 3  (s,3H) 1710 1650 1600 1553 


X 9.66 ( t , lH) 5 . 2 1  ( t , l H )  4 . 4 2  (d,2H) 1.82 (s,3H) 1711 1658 


Tables I and I1 provide analytical and spectral data in support 
of the assigned chemical structures. 


PHARMACOLOGY 


The geranyl derivatives (11-VI) and the carboxylic acids (XII- 
XVI) were both tested in mice for antitumor activity in the L-1210 
leukemia system; the former were suspended in saline with poly- 
sorbate 803, and the latter carboxylic acids were dissolved in 0.2 N 
NaOH and the pH was adjusted to 8 or 9 prior to administration. 
In addition, the carboxylic acids were tested in rats using the 
Walker 256 system. 
L-1210 Leukemia System-In separate evaluations, according 


to the standard protocol (15) of the Division of Cancer Treatment, 
National Cancer Institute, National Institutes of Health, the com- 
pounds were administered on Days 1, 5, and 9 and then daily be- 
ginning on Day 1 and continuing to Day 9. 


Compounds 11-VI and XII-XVI showed no significant activity 
(Table III), as indicated by the ratio of the mean survival time of 
the test animals over that of the control animals expressed as a 
percentage (% T/C). A % T/C value greater than 125 is considered 
indicative of activity in this test system. 


Walker 256 System-Since it has been shown (5) that the 
Walker 256 assay in rats is sensitive to 14, it was essential that 
Compounds XII-XVI, within which the exact mycophenolic acid 
side chain is incorporated, be evaluated in the Walker system. The 
test was conducted according to the standard Walker 256 protocol 
(16), where an inoculum of tumor homogenate containing lo6 via- 
ble cells was implanted intramuscularly in random-bred albino 
rats. Treatment was begun on Day 3 and continued daily through 
Day 6. 


The ratio of the mean weight of excised tumors of the test ani- 
mals over that of the control animals was the evaluation parameter 
expressed as % T/C; a value of 42% or less is considered necessary 
to demonstrate activity. By that criterion, the I analogs (XII-XVI) 
showed no activity at the dose levels included. 


Conclusion-The inactivity of the I analogs (XII-XVI) is prob- 
ably due to the incomplete functionalization of the heterocyclic 
portion of the molecules, especially the absence of the lactone 
group, which perhaps imparts I with an alkylating capacity. Fu- 
ture synthetic goals in this area will concentrate on nitrogen-con- 
taining structures which are more rigorously bioisosteric with I. 


Tween 80, Sigma Chemical Co. 
In this screening laboratory, as a control, mycophenolic acid at 100 mg/ 


kg caused a 90% inhibition of the Walker tumor (i.e., % T/C = 10). 


EXPERIMENTALs 


N- Alkylation with Geranyl Chloride-Procedure A, Pyri- 
dones 11-IV-To a suspension of 3.15 g (123 mmoles) of sodium 
hydride in 300 ml of dry dimethylformamide was added, in small 
portions, the requisite 2(1H)-pyridone (120 mmoles). After stir- 
ring the reaction solution, which was protected from moisture with 
an anhydrous calcium sulfate drying tube, for 1 hr at  room temper- 
ature, a solution of 20.7 g (120 mmoles) of geranyl chloride (14) in 
50 ml of dry dimethylformamide was added, and stirring was con- 
tinued a t  room temperature for 24 hr. 


The reaction solution was poured into 3 liters of water, and the 
product was collected by multiple ether extraction. After washing 
once with water, the extracts were dried and concentrated to an oil 
under water-pump vacuum. The products were purified by vacu- 
um diitillation or, in the instance of IV, by crystallization. 


Procedure B, Glutarimides V and VI-The appropriate glutari- 
mide (50 mmoles) and lithium hydroxide monohydrate (2.10 g, 50 
mmoles) in 100 ml of dimethylformamide were stirred for 1 hr a t  
room temperature while the reaction solution was protected from 
moisture with a drying tube. Geranyl chloride (8.63 g, 50 mmoles) 
in 30 ml of dimethylformamide was then added, and the reaction 
mixture was stirred for 24 hr. The product isolation was identical 
to that described in Procedure A. 


Side-Chain Degradation-Procedure A, Aldehydes VII- 
IX-A cold solution of the N -  geranyl-2(1H)-pyridone (35 
mmoles) in 180 ml of anhydrous ether was poured into a cold solu- 
tion of 85% rn-chloroperbenzoic acid (10.75 g, 53 mmoles) in 180 
ml of anhydrous ether. The resulting reaction solution was stored 
at  about -12' for 24 hr. After shaking the ether solution twice 
with 1 N NaOH solution, it was dried and evaporated to give the 
epoxide in moderate yield as a clear oil. TLC (silica G,  chloroform) 
analysis invariably indicated a small amount of unreacted starting 
material2, which was carried through the next two synthetic steps. 


The crude epoxide (13 mmoles) was stirred 30-60 min with 100 
ml of 10% &So4 solution while cooling the reaction flask in an ice 
bath. After extracting once with a small portion of ether, which 


NMR spectra were determined with a Varian A-60 spectrometer, and 
chemical shifts are expressed as delta ( 6 )  values downfield from tetrameth- 
ylsilane as the internal standard. IR s ectra were recorded with a Perkin- 
Elmer model 521 spectrophotorneter. zombustion analyses were performed 
by Galbraith Laboratories, Inc., Knoxville, Tenn. Dimethylformamide was 
dried over a 3A molecular sieve prior to use. Extracts were dried with anhy- 
drous sodium sulfate. Pure geraniol (98%) for the preparation of geranyl 
chloride was obtained from Bush Boake Allen, Inc., Norwood, N.J. Capillary 
melting points and boiling points are uncorrected. 
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Table 111-Antitumor Evaluation 


Walker 256, 
Com- L-1210, % % T/C NSC 
pound T / C  (Dose)a (Dose)a Number 


I1 93 (50) 160,456 
I11 101 (400) 163,543 
IV 97 (400) 160,454 
V 93 (400) 160,455 
VI 97 (400) 169,795 


XI1 96 (400) 106(200) 173,105 
XI11 98 (400) 102(200) 173,104 
XIV 97 (400) 71 (400) 173,106 xv 93(400) 106 (400) 173,108 
XVI 93(400) 104 (400) 173,107 


The specified dose (milligrams per kilogram) was the highest dose level 
given, producing the indicated % T/C in a doeresponse assay. b Toxic at 
100 mg/kg. 


was discarded, the reaction solution was saturated with sodium 
chloride and the product was collected by exhaustive methylene 
chloride extraction. After drying the extracts, solvent removal in 
uacuo gave essentially a quantitative yield of the glycol. For solu- 
bility reasons, it was necessary to add 20 ml of 1,2-dimethoxyeth- 
ane to the dilute sulfuric acid in reaction with the epoxide of IV; 
the ether extraction was then omitted. 


In a typical run, the glycol (5 mmoles) was oxidatively cleaved in 
50 ml of methanol-water (1:l) by a dropwise addition of sodium 
metaperiodate (2.14 g, 10 mmoles) in 50 ml of methanol-water (1: 
1). After the addition, the mixture was stirred in the dark at  room 
temperature for 1.0-1.5 hr. The inorganic precipitate was removed 
from the reaction mixture by filtration, and the filtrate was con- 
centrated to half under vacuum. 


Following saturation of the concentrate with sodium chloride, 
the solution was thoroughly extracted with methylene chloride. 
The dried extracts were evaporated to afford the aldehydes in good 
yield, which were characterized as 2,4-dinitrophenylhydrazone de- 
rivatives except for 11. Compound I1 was characterized as a semi- 
carbazone. 


Procedure B, Aldehydes X and XI-The epoxidation of the N -  
geranylglutarimides (V and VI) was carried out in the same way as 
in Procedure A. The aldehydes X and XI were formed in good 
yield directly by treating the corresponding epoxides with ethereal 
periodic acid. Thus, 10 mmoles of epoxide in 200 ml of ether was 
treated, while stirring, with 11 mmoles (2.51 g) of periodic acid in 
200 ml of ether by dropwise addition a t  room temperature. 


The reaction mixture was stirred for 30 min after the addition 
and then filtered. The filtrate was washed once with cold, dilute 
sodium bicarbonate solution and dried. Evaporation of the ether in 
uacuo gave the aldehydes as colorless oils, which were character- 
ized uia the 2,4-dinitrophenylhydrazones. 


Preparation of the Carboxylic Acids (XII-XV1)-Silver 
oxide (AgpO) was freshly prepared by adding a solution of 5.25 g of 
sodium hydroxide in 75 ml of water to 10.5 g of silver nitrate in 75 
ml of water. The oxide was collected by vacuum filtration, washed 
several times with water, and suspended in 100 ml of water. The 
suspension was added to 20 mmoles of aldehyde (VII-XI) slurried 


in water and stirred at  room temperature for 2-6 hr. Aldehydes IX 
and XI were dissolved in dimethoxyethane and dioxane, respec- 
tively, prior to the addition of the silver oxide suspension. 


At the end of the reaction time, the reaction mixture was made 
basic with saturated sodium bicarbonate solution, stirred an addi- 
tional 30 min, and then vacuum filtered through a pad of diatoma- 
ceous silica6. After removing neutral materials from the filtrate by 
ether extraction, the filtrate was acidified with 10% nitric acid so- 
lution, saturated with potassium nitrate, and extracted exhaus- 
tively with methylene chloride. Evaporation of the extracts gave 
the carboxylic acids. 
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Drug-Biomolecule Interactions: 
Topographical Study of Active Site of 
Erythrocyte Carbonic Anhydrase Using 
Spin-Labeled Sulfanilamide Drugs 


COLIN F. CHIGNELL 


Abstract 0 The topography of the active sites of human erythro- 
cyte carbonic anhydrases B and C and bovine erythrocyte carbonic 
anhydrase B was studied using a series of spin-labeled sulfanila- 
mide analogs. Results show that the active site of human carbonic 
anhydrase C is a narrow cleft approximately 14 A in depth. This 
observation is in good agreement with previously published X-ray 
diffraction data. While the active sites of human carbonic anhy- 
drase B and bovine carbonic anhydrase B have the same general 
shape as the active site of human carbonic anhydrase C, they are 
slightly deeper. 


Keyphrases Erythrocyte carbonic anhydrase-active site, topo- 
graphical study, spin-labeled sulfanilamide drugs 0 Carbonic 
anhydrase, erythrocyte-active.de, topographical study, spin-la- 
beled sulfanilamide drugs Sulfanilamide drugs, spin labeled- 
topographical study of active site of erythrocyte carbonic anhy- 
drase 0 Spin-labeled diugs-sulfanilamide, topographical study of 
active site of erythrocyte carbonic anhydrase 0 Drug-biomolecule 
interactions-topographical study of active site of erythrocyte car- 
bonic anhydrase using spin-labeled sulfanilamide drugs 0 Interac- 
tions-drugs with biomolecules, symposium 


Spin labels are stable free radicals that can be used 
as probes or reporter groups for biological macromol- 
ecules such as proteins, nucleic acids, and mem- 
branes. The first free radical to be used as a spin 
label was the chlorpromazine cation radical. Ohnishi 
and McConnell (1) studied the interaction of this 
spin label with DNA and found that it was bound 
with its aromatic plane nearly perpendicular to the 
helix axis of the nucleic acids. Since the chlorproma- 
zine radical was only moderately stable in aqueous 
solutions, other, less reactive, spin labels were sought. 
The synthesis of di-tert- butylnitroxide (2), a free 


Figure 1-Electron spin resonance spectrum of I I  (2 x lo-' 
M) in 0.1 M sodium phosphate buffer. 
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Figure 2-Electron spin resonance spectrum of 111 (1 X 
M) dissolved in glycerol. Key: A, 60'; B, 30'; C, 20"; D, 10'; 
and E ,  0". The two arrows indicate the positions of the low (left) 
and high (right) field peaks which are characteristic of a highly 
immobilized nitroxide radical. 


radical that was very stable in aqueous systems over 
wide temperature and pH ranges, had been described 
previously. The unique chemical and physical prop- 
erties of the nitroxide group made it an ideal spin 
label, and various molecules containing this free radi- 
cal have now been synthesized (3). 


DISCUSSION 


When a nitroxide spin label is dissolved in a solvent of low vis- 
cosity, such as aqueous buffer, its electron spin resonance spec- 
trum consists of three sharp lines of nearly equal height (Fig. 1). 
This spectrum may be characterized by three parameters: (a) the 
position of the center line in the magnetic field (this is governed by 
a constant, go, termed the g factor); (b) the distance between adja- 
cent lines, Ao, measured in gauss (G); and (c)  the individual line- 
widths measured in gauss. When the environment of the nitroxide 
group is altered, then changes may occur in one or more of these 
parameters (3). 


For example, di-tert-butylnitroxide in water yields A0 = 16.7 G 
and go = 2.0056, whereas di-tert-butylnitroxide in hexane is char- 
acterized by A0 - 14.8 and go - 2.0061. When a glycerol solution 
of a nitroxide spin label is cooled, the electron spin resonance spec- 
trum of the free radical becomes broad and asymmetric (Fig. 2). 







NHCOCHJ KL I 
0 


I 
The limiting line shape (Fig. 2E), which is known as the rigid glass, 
polycrystalline, or powder spectrum of the nitroxide radical, is 
characterized by the appearance of distinct low and high field 
peaks separated by approximately 64 G (Fig. 2E). 


The rigid glass spectrum is observed when the spin label is ran- 
domly oriented with respect to the laboratory magnetic field and 
the molecular motion of the nitroxide group is slow on the electron 
spin resonance time scale, i.e., T~ >> sec, where T~ is the rota- 
tional correlation time of the spin label. Spectra approaching the 
rigid glass limit have been observed when nitroxide spin labels 
were tightly bound to macromolecules such as proteins and mem- 
branes (3). 


Nitroxide spin labels can be employed in two different ways to 
study drug-biomolecule interactions. First, they can be attached 
(covalently or noncovalently) to the macromolecule of interest and 
function as reporter groups. This approach was used by Holmes 
and Piette (4) to study the interaction of chlorpromazine with 
erythrocyte ghost membranes. When these workers reacted an io- 
doacetamide spin label (I) covalently with the erythrocyte mem- 
brane, the electron spin resonance spectrum of the labeled mem- 
branes indicated that the nitroxide group had a high degree of 
freedom. 


I t  would, therefore, appear that  the protein sulfhydryl groups la- 
beled by this reagent were on the outside of the membrane. When 
chlorpromazine was added to the spin-labeled membranes, a high- 
ly immobilized component appeared in the electron spin resonance 
spectrum of the nitroxide group. Holmes and Piette (4) suggested 
that chlorpromazine induced a conformational change in erythro- 
cyte membranes so that some spin labels were moved into the inte- 
rior. Since the highly immobilized component disappeared on re- 
moval of chlorpromazine, the conformational change was appar- 
ently reversible. 


Hubbell et al. (5) used a similar approach to study the interac- 
tion of local anesthetic drugs, such as benzyl alcohol and lidocaine, 
with erythrocyte membranes. The spin labels employed included 
nitroxide analogs of methyl stearate and 17/3-hydroxy-5a-andro- 
stane, which were incorporated noncovalently into red cell mem- 
branes. The steroid spin label rotated preferentially about its long 
axis, which was oriented perpendicular to the membrane surface. 
The addition of benzyl alcohol produced a progressive sharpening 
of the electron spin resonance spectrum of the spin label, which 
suggested that the environment of the free radical was becoming 
more fluid. 


However, at high (lytic) concentrations of benzyl alcohol, a new 


Figure 3- -Actiue site of human carbonic anhydrase C ,  show- 
ing the binding of a spin-labeled sulfanilamide analog. 


- 5 ,  


’ /  
v’- 


Figure 4-Electron spin resonance spectrum of 11 (2 X 
M) in the presence of human erythrocyte carbonic anhydrase C 
( 1  x lo -*  M) and 0.1 M sodium phosphate buffer. The arrows 
indicate the positions of the low (left) and high (right) field 
peaks which are characteristic of a highly immobilized nitroxide 
radical (cf., Fig. 2 E ) .  


spectral component appeared, which corresponded tp a fraction of 
spin labels that  were in a highly immobilized environment. This 
same component was also observed when the androstane spin label 
bound to protein was isolated from the erythrocyte membrane. 
Thus, the highly immobilized component that  appeared in the 
lytic concentration range of benzyl alcohol was attributed to new 
protein binding sites for the spin label. These results agreed well 
with previous NMR studies of benzyl alcohol binding of erythro- 
cyte membranes (6). 


The second way in which spin labels can be used to study drug 
interactions with biological systems is to incorporate the nitroxide 
group into the drug molecule. This approach has been used to 
probe the active site of erythrocyte carbonic anhydrase, a zinc-con- 
taining metalloenzyme which is inhibited by aromatic sulfonamide 
drugs with the general formula ArSOzNHz (where Ar is homoaro- 
matic or heteroaromatic). 


X-ray diffraction studies of human carbonic anhydrase C have 
shown (7,8) that  the active site of this enzyme is a deep crevice, a t  
the bottom of which is a single zinc atom (Fig. 3). When 3-acetoxy- 
mercuri-4-aminobenzenesulfonamide combined with human car- 
bonic anhydrase C, the aromatic group of the inhibitor occupied a 
narrow cleft in the active site while the sulfonamide group was 
coordinated directly to the zinc through its nitrogen atom or one of 
the oxygen atoms (7). The topography of the active site of human 
carbonic anhydrase C and two other erythrocyte carbonic anhy- 
drases was studied using a series of spin-labeled analogs of the in- 
hibitor sulfanilamide (11-VI) in which the length of the chain sepa- 
rating the aromatic and pyrrolidine rings was progressively in- 
creased (Fig. 3 and Table I). 


Before an electron spin resonance study of the interaction of the 
sulfonamide spin labels with human carbonic anhydrase C was at-  
tempted, it was necessary to establish that these compounds did 
indeed bind to the active site by measuring their ability to inhibit 
the enzymatic activity of the enzyme. Although all spin-laheled 
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Figure 5-Electron spin resonance spectrum of 111 (2 X 
M) in the presence of human erythrocyte carbonic anhydrase C 
(1 X M) and 0.1 M sodium phosphate buffer. 
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Table I-Inhibition of the Esterase Activity of Human Erythrocyte Carbonic Anhydrases B and C by 
Spin-Labeled Sulfonamides 


K I ,  M X lo6 


Spin Label 


~~~ 


Bovine car- Human Carbonic Anhydrase 
bonic Anhy- 


drase B B C da, A 


0.02 0.33 0.08 10 .o 


0 


0.42 


2.71 


0.78 


0.26 1.89 10.8 


2.78 


3.94 


0.58 13.6 


1 .ll 14.5 


0 


a Determined with Pauline-Corey-Koltun models for the fully extended conformation of each sdfommide spin label. 


sulfonamides did inhibit the ability of human carbonic anhydrase 
C to hydrolyze p-nitrophenylacetate (9), the kinetics of the inter- 
action were noncompetitive in all cases (Table I). While this sug- 
gested that the sulfonamides did not bind to the active site of the 
enzyme, similar noncompetitive kinetics had already been re- 
ported for the inhibition of the esterase activity of erythrocyte car- 
bonic anhydrase by other sulfonamides such as acetazolamide (9). 
Yet it is known, from X-ray diffraction studies, that these drugs 
bind to the active site of human carbonic anhydrase C (7, 8). Ker- 
nohan (10) suggested that the apparent noncompetitive nature of 
the kinetics is due to a relatively slow rate of dissociation of the 
sulfonamide from the active site of a carbonic anhydrase. 


The electron spin resonance spectrum of I1 bound to human car- 
bonic anhydrase C was broad and asymmetric, with a splitting of 
59 G between the low and high field peaks (Fig. 4). Since this spec- 
trum resembled the rigid glass spectrum of the nitroxide group 
(Fig. 2E), there was little doubt that the pyrrolidine ring of I1 was 
highly immobilized when this inhibitor was bound to human car- 
bonic anhydrase C. When a single methylene group was inserted 
between the benzene ring and the aromatic amino group of I1 to 
give 111, the nitroxide radical showed some increase in mobility at 
the active site of human carbonic anhydrase C (Fig. 5). 


In the complex between IV and human carbonic anhydrase C, 
the nitroxide group exhibited considerable freedom of movement 
at the active site of the enzyme (Fig. 6). A further increase in the 
distance between the aromatic and pyrrolidine rings, to give V, did 
not greatly change the electron spin resonance spectrum of the 
spin label (Fig. 7). In their spin-label study of hapten binding to 
rabbit immunoglobulins, Hsia and Piette (11) obtained electron 
spin resonance spectra that were similar to these shown in Figs. 6 
and 7. They suggested that such spectra were characteristic of 
spin-labeled ligands bound to rather narrow combining sites in 
such a way that their nitroxide groups were just outside the sites. 
The mobilities of the nitroxide groups shown in Figs. 5-7 can be 
expressed in terms of their respective rotational correlation times 
(12). The rotational correlation times of the nitroxide groups of 
111-VII reached a minimum with IV, which did not change when 
the chain joining the aromatic and pyrrolidine rings was further 
extended (Fig. 8). 


Further studies showed that the pyrrolidine ring of 11 is also 
highly immobilized when this inhibitor binds to the active site of 


human erythrocyte carbonic anhydrase B and bovine erythrocyte 
carbonic anhydrase B (14). However, when the chain length sepa- 
rating the aromatic and pyrrolidine rings was increased, V was the 
first spin label of the series in which the nitroxide group showed 
high mobility at the active site of human carbonic anhydrase B. 
While similar results were obtained for bovine carbonic anhydrase 
B, it was also found that the nitroxide group of VI had less mobili- 
ty  a t  the active site of this enzyme than did the nitroxide group of 
V (Fig. 8). This finding suggested that VI may have been suffi- 
ciently flexible as to allow the pyrrolidine ring to turn back and in- 
teract with either the active site of bovine carbonic anhydrase B or 
an accessory binding site on the surface of the enzyme (14). 


The electron spin resonance spectrum of I1 bound to human car- 
bonic anhydrase C indicated quite clearly that the nitroxide group 
of the inhibitor was highly immobilized at  the active site of the en- 
zyme. This observation suggests that the active site of human car- 
bonic anhydrase C is a narrow cleft and is in agreement with X-ray 
diffraction data of Bergsten et al. (8). Sulfonamide IV was the first 


Figure 6-Electron spin resonance spectrum of I V  (2  X lo-& 
M) in the presence of human erythrocyte carbonic anhqdrase C 
(1  x M) and 0.1 M sodium phosphate buffer. 
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Figure 7-Electron spin resonance spectrum of V (2 x 10-5 
M) in the presence of human erythrocyte carbonic anhydrase C 
(I X lo-‘ M) and 0.1 M sodium phosphate buffer. 


of the spin labels in which the pyrrolidine ring appeared to be out- 
side the active site of human carbonic anhydrase C. 


The distance, d,  between the nitrogen atom of the sulfanilamide 
group and the 3-position of the pyrrolidine ring can be estimated 
from Pauling-Corey-Koltun models to be 13.8 8, for the fully ex- 
tended conformation of IV (Table I). This would set an upper limit 
of 14 8, for the depth of the active site of human carbonic anhy- 
drase C. This value is in good agreement with an estimate of 15 8, 
obtained from X-ray diffraction studies (8). Although the active 
sites of human carbonic anhydrase B and bovine carbonic anhy- 
drase B appear to have the same shape as human carbonic anhy- 
drase C, they probably are slightly deeper. 


These studies have shown that spin-labeled sulfonamides can be 
used to study the topography of the active site of erythrocyte car- 
bonic anhydrase. It is hoped that spin-labeled analogs of other 
drug molecules, such as acetylcholine and the barbiturates (15), 
may make i t  possible to investigate their interactions with receptor 
biomolecules. The spin label technique also permits the rapid mea- 


I I I 
10 12 14 


d ,  A 
Figure &Rotational correlation times, re, of 111-VI as a 
function of the distance, d, between the sulfonamide nitrogen 
atom and the point of attachment of the pyrrolidine ring (Fig. 3 
and Tab leI ) .  


surement of low concentrations of sulfonamide drugs present in bi- 
ological fluids (16). A simple assay procedure for the estimation of 
carbonic anhydrase levels in red cell hemolysates has also been de- 
veloped (15) and employs a spin-labeled sulfonamide. There now 
seems to be little doubt that electron spin resonance and the spin- 
labeling technique will not only be important tools for studying 
drug-biomolecule interactions a t  a molecular level but also may 
provide a versatile and sensitive assay procedure for drugs, en- 
zymes, and other binding proteins. 
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Synthesis of Sparsomycin Analogs as Potential 
Antitumor Agents 


R. J. DUBOIS x, C.-C. L. LIN, and B. L. MICHEL 


Abstract No information is available on the structural require- 
ments for the antitumor activity of sparsomycin, an antibiotic ob- 
tained from the fermentation broth of Streptomyces sparsogenes. 
Its high in uiuo and in uitro activity, novel structure, and uncom- 
mon mode of action have, therefore, suggested the synthesis of an- 
alogs. This report describes the preparation and screening of a se- 
ries of N-substituted 3-aryl acrylamides which are closely related 
to sparsomycin. Three compounds exhibited some tumor inhibi- 
tion but insufficient to warrant further testing. 


Keyphrases 0 Antitumor agents, potential-synthesis and 
screening of sparsomycin analogs 0 Cysteinol derivatives-synthe- 
jis and screening as possible anticancer agents 0 3-Aryl acrylam- 
ides, N-substituted-synthesis and pharmacological screening as 
possible anticancer agents 0 Sparsomycin analogs-synthesis and 
screening as potential antitumor agents 


The antibiotic sparsomycin (I) was first isolated in 
1962 (1) from the fermentation broth of Streptomy- 
ces sparsogenes. Not until 1970, however, was the 
structure elucidation reported (2). 


Following its isolation, sparsomycin was subjected 
to several preliminary biological tests where it dis- 
played a broad spectrum of moderate in vitro activity 
against bacteria and moderate antifungal activity (3). 
Of greater interest was its very high activity against 
KB human epidermoid carcinoma cells (3). It also 
showed moderate to high inhibition in several in vivo 
tumor systems such as the Walker carcinosarcoma 
256 and the sarcoma 180 solid tumor (3). 


On the basis of this antitumor activity, sparsomy- 
cin was selected for Phase I clinical studies. It dis- 
played severe eye toxicity, however, and the Phase I 
study was terminated (4). 


Its biological activity appears to be primarily due 
to inhibition of protein synthesis, and this inhibition 


0 CHPH 
I I  I 


I 


Table I-NSC Numbers and Screening Data 


Walker 256 Data, 
% T/C 


Compound NSC Number (Dose, mg/kg) 


I1 
I11 
IV 
V 


V i  
V I I  


VIII 
IX-HCl 


x 
X I  


XI1 
XI11 x IV xv 


173109 
177934 
181493 
181494 
184712 
184714 
159934 
166004 
169798 
169799 
173110 
174260 
177936 
179898 


49 (120) 
55 (40) 
85 (50) 
64 (160) 
96 (80) 


107 (50) 
- 


has been substantiated (5, 6). Further work (7) indi- 
cated that its mechanism of action in the Escherichia 
coli system is on the 50s ribosome subunit, where i t  
prevents peptide transfer by interfering with the 
function of the enzyme peptidyl transferase. 


To  date, no analogs of sparsomycin have been re- 
ported. Its high to moderate antitumor activity, novel 
structure, and somewhat uncommon mode of action 
have prompted the development of a structure-activ- 
ity relationship by synthesis. This report describes 
some initial investigations. 


RESULTS AND DISCUSSION 


As an initial synthetic goal, the novel N-substituted 3-aryl ac- 
rylamides (11-VII) were chosen. These compounds represent ana- 
logs in which the uracil portion of sparsomycin has been replaced 
by other heterocyclic or aromatic moieties and the sulfoxide por- 
tion has been replaced by sulfur. It was believed that these com- 
pounds retained a sufficient portion of the sparsomycin structure 
to warrant their preparation and testing as potential antitumor 
agents. 


Scheme I outlines the proposed synthetic approach. Condensa- 
tion of the amino ester (IX) with the appropriate acrylic acid 
should yield esters (X-XV), which could then be selectively re- 
duced to the desired compounds (11-VII). A synthetic pathway to 
the key intermediate (IX), involving the amino acid cystine, was 
developed (Scheme 11). Since sparsomycin is optically active with a 
D-configuration at the asymmetric carbon atom, D-cystine would 
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0 CH,OH 
II I 


C0,CH3 
I 


Ar€H=CHCO,H + NH,-C-H 
I 


H, ,CNHC-H 
I /'='\, CH2SCH$CH3 


Ar 


h 
m:Ar= Q- 


\ 
CH, 


Iv:Ar=@ 


v:Ar=& 
0 


VI: Ar = CH3-@ 


w:Ar= @ 
\ 
OCH, 


0 CO,CH, 
II I 


I 
H, ,CNHC-H 


Ar 
/c=c\H CH&3CH$CH3 


x:Ar= 0 9- 
k1 


XIIl: Ar = CH3+ 


xIv:Ar= 0 (2 
be the most desirable starting material. Its extremely high cost 
precludes its use, however, in the initial trial-and-error procedures 
necessary in development of a synthetic pathway. The DL-mixture 
and meso-form, on the other hand, would give no information on 
potential racemization during synthetic elaboration. Consequent- 
ly, L-cystine was chosen to begin the synthesis. With the synthetic 
scheme established, it would be possible to substitute the D-enan- 
tiomer; this substitution would be made if subsequent evidence in- 
dicated that the antitumor activity of sparsomycin was dependent 
on absolute configuration. 


As shown in Scheme 11, reduction of L-cystine with sodium and 
liquid ammonia followed by addition of chloromethyl methyl sul- 
fide yielded the amino acid (VIII). Compound VIII was then con- 
verted to the desired amino ester as the free base by treatment 


condensation - 
bH,SCH,SCH, 


IX 


trans-ACH=CHCNH-C-H iF - reduction 


I 
CH,SCH,SCH, 


x-xv 
0 CH,OH 
II I 


t r a w - ~ ~ = c ~ C ~ ~ - C  -H 
I 
CH$CH&H, 


11-w 
Scheme I 


with methanol saturated with hydrogen chloride', followed by base 
treatment with sodium bicarbonate. 


The desired intermediate was subsequently coupled with the ap- 
propriate acrylic acid (Scheme I) by means of the versatile reagent 
N-ethoxycarbonyl-2-ethoxy-l,2-dihydroquinoline (8),  allowing iso- 
lation of compounds (X-XV) in the tram-configuration. These. 
compounds, in turn, were selectively reduced with lithium borohy- 
dride to the desired analogs (11-VII), also in the trans-configura- 
tion. 


PHARMACOLOGY 


The intermediates (VIII-XV) (see Table I for NSC numbers) 
were tested in BDFl mice in the L-1210 lymphoid leukemia system 
and P-388 lymphocytic leukemia system according to the standard 
protocol of the Division of Cancer Treatment, National Cancer In- 
stitute, National Institutes of Health (9). These compounds were 
dissolved in saline or suspended in saline with polysorbate 802 and 
administered on Days 1, 5, and 9 or daily on Days 1-9. The com- 
pounds showed no significant activity as indicated by the ratio of 
the mean or median survival times of the test animals over those of 
the control animals expressed as a percentage (% T/C). 


Since it had been shown (3) that  the Walker carcinosarcoma 256 
tumor system was sensitive to sparsomycin (I), Compounds 11-VII 
(see Table I for NSC numbers) were evaluated in this system. The 
test was conducted according to the standard Walker 256 protocol 
(lo), where an inoculum of tumor homogenate containing 106 via- 
ble cells was implanted intramuscularly in random-bred albino 
rats. The compounds were dissolved in saline or suspended in hy- 
droxypropyl cellulose3 and administered daily on Days 3-6. Mean 
tumor weight was the evaluation parameter expressed as % T/C 
wherein a value 542 was the criterion for activity. 


Sparsomycin displayed antitumor activity in this protocol at a 


I I L Na; NWI) 
2. C I C H S H ,  


NH,-C-H NH,-C-H - 
I I 


I 1. CH,,OH; HCKg) I 
I I 


- NH,-C-H 
2. NaHCO, 


NH,-C-H 


It was later found that thionyl chloride in methanol gave superior yields 


Tween 80, Sigma Chemical Co. 
Klucel, Ben Venue Laboratories. 


and purer products. 
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Table 11-Experimental Data 


Optical Rotation [a ID 
(Temperature, Con- 


Com- Melting Point  Pro- Yield, centration in g/100 
pound (SoIvent) cedure % ml, Solvent) Formula Calc. Found 


Analysis, % 


I1 


I11 


IV 


V 


VI 


V I I  


X 


XI 


XI1 


XI11 


X I V  


XV 


96.5-103.5 ' 
(Benzene) 


73-77' 
(Benzene) 


65-70 ' 
(Benzene) 


102-104.5' 
(Benzene) 


72-84' 
(Toluene) 


103-108' 


110-1 15 ' 
(Ethanol) 


(Isopropanol) 


(Ethyl acetate) 


(n-Butanol) 


(n-Butanol) 


80-82.5 ' 
(n-Butanol) 


75.5-78.5' 


105-108.5' 


91-93' 


101-105 ' 


B 


B 


B 


B 


B 


B 


A 


A 


A 


A 


A 


A 


44 


39 


26 


42 


49 


30 


30 


36 


38 


40 


53 


33 


-78.79' (28.0', 
0.84, ethanol) 


0.81, ethanol) 


0.91, ethanol) 


0 .75, ethanol) 


0.69, ethanol) 


-95.54' (28.5', 


-111 .40' (21.5", 


-123.75' (20.8', 


-64.40' (21 .O', 


-48.68' .(22.3', 
0.66, dunethyl 
sulfoxide) 


0.77, ethanol) 


0.82, ethanol) 


-73.79' (29.0', 


-95.17' (28.0', 


+1.45' (27.0°, 
0.97, chloroform) 


-98.09' (22.5', 
0.68, ethanol) 


0.83, ethanol) 


0.76, ethanol) 


-82.54' (29.0', 


-125.61' (21.0', 


C 50.67 
H 5.46  
N 4 .22  
C 57.84 
H 6.80  
N 4 .50  
C 56.53 
H 6.44  
N 4 .71  
C 50.15 
H 5 .96  
N 4.88 
c 57.84 
H 6.80  
N 4 .50  
C 53.76 
H 6.48  
N 3.92 
C 50.06 
H 5.04  
N 3.89 
C 55.36 
H 5.88 
N 4.30  
C 52.96 
H 6.02  
N 3.64  
C 56.60 
H 6 .23  
N 4 .12  
C 56.60 
H 6.24  
N 4 .13  
C 49.50 
H 5.44 
N 4.44  


51.02 
5 .14  
4.15 


57.35 
6.91 
4.56 


56.30 
6 .63  
4 .68  


50.21 
6 .06  
4 .77  


57.76 
6 .72  
4.47 


53.66 
6 .53  
3.87 


50.18 
4 .87  
3 .90  


55.32 
5.54 
4 .24  


52.96 
6.23 
3.60 


56.44 
6.13 
4.10 


56.51 
6.07 
4.19 


49.57 
5.54 
4.39 


dose level of 0.8 mg/kg with 96 T/C = 19'. Therefore, the analogs 
(11-VII) were tested at  dose levels ranging from 1.6 to 0.2 mg/kg, 
but no activity was displayed. A t  higher dose levels ranging from 
160 to 40 mg/kg, only Compounds 11, 111, and V exhibited tumor 
inhibition (Table I), but it was not sufficient to meet the criterion 
for antitumor activity in this protocol. 


EXPERIMENTAL5 


Table I1 gives the experimental data for the individual com- 
pounds, and Tables I11 and IV give their NMR6 and IR spectral 
characteristics. Chemical shifts are given in parts per million (6) 
downfield from tetramethylsilane, the internal standard. IR spec- 
tra7 were recorded as paraffin oil mulls. For dry column chroma- 
tography, 50 g of silica gel (activity III)s was used per 1 g of com- 
pound. 
S-(Methylthiomethy1)cysteine (VII1)-L-Cystine (25.0 g, 0.1 


mole) in 500 ml of liquid ammonia was treated with small pieces of 
sodium metal until a blue color was retained for several minutes. 
Then 19.3 g (0.2 mole) of chloromethyl methyl sulfide was added 
dropwise. The solution was allowed to evaporate overnight, and 
the residue was dissolved in water and extracted with chloroform. 
The aqueous phase was then cooled to 5O and acidified to pH 5 
with 6 N HC1. The solid was filtered and dried overnight a t  36' 
under vacuum to give 23.9 g (66% yield) of VIII, mp 220' dec.; 


Determined at these laboratories in a control experiment. 
5 Optical rotations were obtained with a Perkin-Elmer 141 polarimeter, 


and melting points (uncorrected) were obtained with a Thomas-Hoover cap- 
illary apparatus. Combustion analyses were performed by Galbraith Labora- 
tories, Knoxville, Tenn. 


Varian A-60A spectrometer. 
Perkin-Elmer 521 spectrophotometer. 
Woelm, Waters Associates, Framingham, Mass. 


-29.91' (c 1,.06 g/lOO ml in 6 N HCI); IR: 2900 (broad, NH$, 
2120 (NH3), and 1600 ( (202)  cm-'. 


Anal.-Calc. for C5HllNOzS2: C, 33.13; H, 6.18; N, 7.73. Found: 
C, 33.00; H, 6.10; N, 7.92. 
S-(Methylthiomethy1)cysteine Methyl Ester Hydrochloride 


(IX-HC1)-To 17.5 g (0.094 mole) of the amino acid (VIII) slur- 
ried in 125 ml of methanol was added hydrogen chloride gas until 
saturated. The mixture was refluxed for 20 min and then stirred at  
ambient temperature for 2 hr. The solvent was removed under vac- 
uum, and the residue was triturated with ether to give 14.0 g (64% 
yield) of solid. The crude product was recrystallized from isopro- 
panol and dried under high vacuum at  46' for 1 hr to give an ana- 
lytical sample of IX-HCl, mp 128-131' dec.; [a]E -15.2' (c 1.14 
g/lOO ml in ethanol); NMRg: 6 2.14 (s, 3H, SCHs), 3.20 (d, 2H, 
CHzS), 3.78 ( s ,  3H, COZCH~), 3.85 ( s ,  2H, SCH2S), 4.28 (t, lH, 
HC-CHz), and 8.76 (broad, 3H, NHd; IR: 2900 (broad, NH3), 
2000 (NHs), and 1735 (C=O ester) cm-'. 


Anal.-Calc. for C&1&lNO$&: C, 31.10; H, 6.09; N, 6.04. 
Found C, 31.32; H, 6.05; N, 6.18. 


Alternative Procedure-To 15 ml of methanol at -25' was 
added dropwise 3.95 ml (0.055 mole) of thionyl chloride. Then 9.06 
g (0.05 mole) of the amino acid (VIII) was added in small portions, 
while the temperature was maintained below -5'. The mixture 
was allowed to warm to room temperature, then heated at 4 5 O  for 4 
hr, and finally allowed to remain at  room temperature overnight. It 
was filtered and the filtrate evaporated under vacuum. The resi- 
due was then treated with ether to give 9.75 g (84% yield) of solid. 
Recrystallization from isopropanol gave a material identical to 
that obtained in the original procedure. 


General Preparation of Compounds X-XV, Procedure A- 


9 In dimethyl sulfoxide-ds. 
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Table 111-NMR Data (6, Parts per Million) with Tetramethylsilane Reference and CDCl3 as Solvent 


Com- 
pound SCH3 CH2S 


HC- 
OHa SCHzS CH2O CH2 CH-CH NH C02CH3 Aromatic Other 


~~ 


I1 2.16 (s) 2.95 (d) 3.50 


111 2.17 (9) 2.95 (d)b 3.38 


IV 2.13 (s) 2.94 (d) 4 . 0  


(Broad) 


(Broad) 


(Broad) 


V 2.18 (s) 2.95 (d) 3.75 


VI 2.15 (s) 2.94 (d) 4.09 


(Broad) 


(Broad) 


3.72 (s) 3.88 (d) 4.24 
(Broad) 


(Broad) 


(Broad) 


3.72 (s) 3.85 (d) 4.20 


3.70 (s)  3.83 (d) 4.0 


3.71 (s) 3.84 (d) 4.25 
(Broad) 


3.70 (s) 3.85 (d) 4.09 
(Broad) 


6.48 (d) 6.72 (d) - 
8.01 (d) 
J = 16Hz  


7.32 (m) - 


6.38 (d) 6.63 (d) - 7.32 (m) 2.41 (s) 
7.96 (d) 
J = 16 Hz 
6.50 (d) 6.98 (d) - 7.30 (m) - 
7.62 (d) 
J = 16 Hz 
6.40 (d) 6.81 (d) - 6.50 (m)@ - 
7.42 (d) 7.42 ( S ) O  
J = 16 H z  
6.47 (d) 6.92 (d) - AA'BB' (9) 2.33 (9) 
7.62 (d) 7.23 
J = 16 H z  J = 8 H z  


VIIc 2.15 (9) 2.89 4.62 (t) 3.75 (s) 3.70 (m) 4.13 (m) 6.70 (d) 7.67 (d) - 6.90 (m) 3.78 (8 )  
(d of d)b 7.80 (d) 3.84 (s) . ,  


J = l6'Hz 
X 2.18 (s) 3.22 (d)b - 3 . 7 2 ( ~ )  - 5.08 (m) 6.67 (d) 7.42d 3.82 (s) 7.42 (m) - 


8.09 (d) 
J = 16 H z  


7.76 (d) 
J = 16 HZ 


7.90 (d) 
J = 16Hz  


7.68 (d) 7.26 
J = 16 Hz J = 8 H z  


7.99 (d) 
J = 16 Hz 


X I  2.18 (s) 3.22 (d)6 -. 3.73 (s) - 5.08 (m) 6.64 (d) 7.13 (d) 3.82 (6) 7.44 (m) - 


XI1 2.14 (s) 3.16 (d)b - 3.67 (s) - 5 . 0  (m) 6.67 (d) 6.92d 3.78 (8) 6.92 (m) 3.78 (9) 


XI11 2.13 (s) 3.19 (d)b - 3.69 (s) - 5.03 (m) 6.57 (d) 7.1gd 3.77 ( s )  AA'BB' (4) 2.33 (s) 


XIV 2.15 (s) 3.20 (d) - 3.68 (s) - 5.03 (m) 6.42 (d) 6.72 (d) 3.82 (9) 7.38 (m) 2.42 (s) 


XV 2.14 (s) 3.18 (d) - 3.67 (s) - 5 .0  (m) 6.48 (d) 6.97 (d) 3.78 (9) 7.43 ( s ) a  
7.47 (d) 6.50 (m)@ 
J = l6'Hz 


Exchangeable with Dz0. Extra-splitting due to the presence of an asymmetric center. In CDCldimethyl sulfoxide-ds (5: 1). Resonates at the same 
frequency as the aromatic protons. 


Compound IX-HCl was dissolved in water and treated with sodi- 
um bicarbonate until the foaming ceased and the pH was 8. It was 
then extracted with chloroform, dried over magnesium sulfate, and 
evaporated under vacuum to give IX as an oil. 


To a solution of 0.034 mole of N-ethoxycarbonyl-2-ethoxy- 1,2- 
dihydroquinoline in 230 ml of tetrahydrofuran was added 0.031 
mole of the appropriate acrylic acid and 0.031 mole of IX. The 
mixture was then stirred at  35O for 4 days, filtered if necessary, 
and evaporated under vacuum. The residue was triturated with pe- 
troleum ether to a solid, which was then purified by recrystalliza- 
tion. In the case of XV, dry column chromatography over silica gel 
with carbon tetrachloride-benzene (1:3) preceded recrystallization. 


General Preparation of Compounds 11-VII, Procedure 
B-To 0.04 mole of lithium borohydride in 75 ml of tetrahydrofur- 


Table IV-IR Data (Centimeters-') from Paraffin Oil Mulls 


an at room temperature was slowly added 0.02 mole of the appro- 
priate ester (X-XV) in 75 ml of tetrahydrofuran. Cooling was used' 
to maintain the temperature below 30'. After addition, the mix- 
ture was stirred at  room temperature for 22 hr. The solution was 
then cooled in a water bath, and 23 ml of 6 N HCl was added drop- 
wise while the temperature was maintained below 30°. After addi- 
tion, the mixture was stirred a t  ambient temperature for 1 hr; then 
the tetrahydrofuran was removed under vacuum. The residue was 
diluted to 100 ml with water, extracted with chloroform, dried over 
potassium carbonate, and evaporated under vacuum to an oil. This 
oil was triturated with petroleum ether, and the residue was puri- 
fied by recrystallization in the case of 11. Dry column chromatogra- 
phy with silica gel followed by recrystallization provided Com- 
pounds 111-VII. 


C=O Amide 
Compound (Amide I Band) Amide I1 Band C=O (Ester) NH O H  


I1 1610 1520 -_ 3200-3500 3200-3500 
I11 1625 1545 - 3110-3510 3110-3510 
IV 1620 3 5.10 - xno-35nn 3inn-xinn 
V 


VI 
VII 


~ ~~ ~ 


1615 
1625 
1630 


~~. . 


1520 
1535 
1550 


- -. - - . . . 
3100-3400 


3110-3410 
311C3510 


__.. ~ ~ . .  


3100-3400 
31 10-35 10 
3110-3410 
- X 1625 1545 1740 3310 


XI 1615 1525 1735 3330 - 
XI1 1620 1535 3 735 


XI11 
XIV x v  


1615 
1620 
1610 


~~ ~. 


1520 
1535 
1520 


- .  ._ 


1750 
1740 
1738 


3270 . 
3335 
3330 
3330 
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Structure Determination of the Anorexic 
Agent Mazindol 


SANDOR BARCZA and WILLIAM J. HOULIHANx 


0 
Abstract 0 The anorexic agent mazindol was shown to exist as the 
carbinolamine tautomer 5-p-chlorophenyl-2,3-dihydro-5H-imida- 
zo[2,1-a]isoindol-5-01 in solution and in the solid state. The latter 
was established by diffuse UV reflectance spectroscopy. 


Keyphrases 0 Mazindol-structure determination, diffuse UV 
reflectance spectroscopy Structure determination-mazindol in 
solution and solid state, diffuse UV reflectance spectroscopy 0 UV 
spectroscopy, diffuse reflectance-structure determination, mazin- 
do1 


It was reported (1) that condensation of 2-benzoyl- 
benzaldehyde with ethylenediamine, followed by oxi- 
dation, gave a C16Hi4N20 product that can be formu- 
lated either as 5-phenyl-2,3-dihydro-5H-imidazo[2,1- 
a]isoindol-5-01 (Ia) or the tautomeric, form 242-im- 
idazolin-2-y1)benzophenone (IIa). Near IR spectral 
measurement in chloroform gave OH and NH ab- 
sorption in nearly equal amounts, 'indicating the 
presence of about a 1:l mixture of Ia and IIa for the 
base form. UV study at  varying pH in alcohol demon- 
strated that the protonated form exists as the benzo- 
phenone tautomer 111. The X-ray single-crystal 
structure analysis (2) of the hydrobromide salt con- 
firmed that I11 is also the preferred tautomeric form 
in the solid state (Scheme I). 


In these laboratories the 4-chloro analog (mazin- 
dol) of I11 was prepared (3); and because of the com- 
mercial application' of the base form of this sub- 
stance, it was of interest to determine the tautomeric 
form (Ib or IIb) in solution and the solid form. 


~~ ~~ 


Mazindoi is the active ingredient in the anorexic agent Sanorex. 


Ia: R =  H, R, = H 
Ib:R=Cl,R1=H 
Ic: R = C1, R, = C,H, 


I I a : R = H  
116: R = C1 


-H+/I+H+ tl 


IV IIIa: R = H 
IIIb: R = C1 


7'C0,H 
VI 


Scheme I 


DISCUSSION 


As reference compounds, 5-chlorophenyl-5-methoxy-2,3-dihy- 
dro-5H-imidazo[2,1-a]isoindole2 (V) was selected as a model for 
tautomeric form Ib and 2-p-chlorobenzoylbenzoic acid (VI) was 


The structure of the deschloro analog of V, 5-methoxy-5-phenyl-2,3- 
dihydro-5H-imidazo[2,1-a]isoindole, was established by Metlesics et al. (1). 
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ing of curves, superpositioning, and adding of super- 
posed curves. 


Of course, one could fi t  a compartment model and 
proceed in a similar manner, but I have already ex- 
pressed a preference for using simple empirical tech- 
niques (1). What is required to achieve the curve 
matching expeditiously is a small digital computer 
with an oscilloscope-type display'. One sets up the 
controlled-release blood level curve as background on 
the oscilloscope and then tries to match i t  by trial 
and error, which usually requires 5-10 min. 


A t  this point, by theoretical pharmacokinetic com- 
putations, a regimen of plain-release doses has been 
derived which is predicted to match the controlled- 
release formulation with respect to its blood level 
curve. The next step is, of course, to verify the validi- 
ty of these theoretical calculations with an actual 
comparative trial in human subjects. Figure 5 shows 
the actual mean blood level curves of phenylpropa- 
nolamine obtained in a crossover trial in 12 subjects. 
A controlled-release formulation of 150 mg was com- 
pared with the following regimen: 


hours 
0 
1 
2 
3 
5 
6 
7 


dose, mg 
52.4 
21.4 
23.8 
23.8 
9.6 
9.6 
9.4 


This regimen was derived from pharmacokinetic 
computations of the type described. The blood level 
curves obtained in Fig. 5 appear to show a good 
match; apparently this regimen of divided doses does 
give rise to essentially the same blood level profile as 
the controlled-release formulation. 


The question still exists as to whether the divided 
dose regimen is sufficiently dispersed over time to 
merit the title controlled release for the formulation 
that it appears to mimic. As an extreme example, the 
controlled-release description would probably not be 
merited for a formulation that appears to be equiva- 
lent to a divided dose regimen of 145 mg a t  zero hr 
and 5 mg at 1 hr. Obviously, some arbitrary rules are 
needed. Nevertheless, the proposed method offers a 
reasonable way of handling the problem of demon- 
strating controlled release. 


So that no misunderstanding occurs, it should be 
noted that no claim is made that the divided dose 
regimen is a model of how the controlled-release for- 
mulation behaves in uiuo but rather that it gives rise 
to blood levels equivalent to those generated by the 
controlled-release formulation. 


(1) W. J. Westlake, J.  Pharrn. Sci., 60,882(1971). 
W .  J .  Westlake 
Smith Kline and French Laboratories 
Philadelphia, PA 19101 
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A PDP-12 has been found ideal for this purpose. 


Antitumor Agents XIV: Molephantinin, a 
New Potent Antitumor Sesquiterpene 
Lactone from Elephantopus mollis 


Keyphrases Elephantopus mollis H.S.K.-isolation and struc- 
ture determination of molephantinin, antitumor activity 0 
Molephantinin-isolation, structure determination, and antitumor 
activity Antitumor agents, potential-molephantinin, constitu- 
ent of Elephantopus mollis H.S.K. 0 Structure-activity relation- 
ships-sesquiterpene lactones as antitumor agents 


To the Editor: 
We recently reported the isolation and structure 


determination of two novel cytotoxic germacranol- 
ides, molephantin (IV) (1) and phantomolin (2), from 
Elephantopus mollis H.S.K. This report' involves 
the isolation of an additional new sesquiterpene lac- 
tone, molephantinin (I), from the winter collection of 
this same plant. Molephantinin showed significant 
(T/C 1 125%) inhibitory activity against the Walker 
256 carcinosarcoma in rats (T/C = 397%) at the 2.5- 
mg/kg level2. 


Molephantinin was isolated from the mother li- 
quor after the removal of molephantin and phanto- 
molin by silica gel column chromatography. Mole- 
phantinin, mp 223-225", has the composition 
C20H2406 and shows an IR spectrum very similar to 
that of molephantin, indicating the presence of a hy- 
droxy group (3420 cm-l), a y-lactone (1775 cm-'), 
and the conjugated enone system (1713 and 1650 
cm-'). The NMR spectrum of molephantinin is su- 
perimposable with that of molephantin, except for 
the signal patterns in the acid portion of the ester. 
These differences were observed in molephantinin as 
the broad vinyl multiplets a t  6 6.92 ( lH ,  H-19) and 
the vinyl methyl multiplets at 6 1.83 (6H, H-18 and 
H-20), which are the typical signals for the tigloyl 
group (5,6).  


Added confirmation for these assignments was ob- 
tained by a comparison of the mass spectra of mole- 
phantinin and molephantin. The base peak in the 
mass spectrum of molephantinin is at  m/e 83, due to 


I: R, = H, RL = CH,, 
11: R, = COCH:,, R, = CH, 
III: =O replaces R,Or ' - .H,  R2 = CH:$ 
IV: R, = H, R2 = H 
V: R, = COCH,, R, = H 


For Part XIII, see Ref. 3. For Part XII, see Ref. 2. 
*Antitumor activity was assayed by Dr. I. H. Hall, Department of Medici- 


nal Chemistry, School of Pharmacy, University of North Carolina at Chapel 
Hill, by a literature method (4). 
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the cleavage of a tiglic acid ester (7). In molephantin 
the base peak is at mle 69, due to the methacrylate 
side chain. Acetylation of molephantinin with acetic 
anhydride in pyridine gave an acetate (111, C22H2607, 
mle 402.1670 (M+), mp 131°, which also showed 
comparable IR and NMR spectra to those of mole- 
phantin acetate (V). 


Extensive NMR decoupling (100 MHz) led to the 
following assignment of protons, which was consis- 
tent with the structure of molephantinin acetate as 
depicted in 11: 6 6.92 (lH, br m, H-19), 6.57 (lH, s, 


13), 6.04 (lH, br s, H-3), 5.77 (lH, d, J = 2.0 Hz, H- 


J = 3.5 Hz, H-61, 3.40 ([H, m, H-7), 2.62 (2H, m, 
H-9), 2.07 (3H, S, OCOCH3), 1.98 (3H, d, J = 1.5 Hz, 
H-15), 1.83 (6H, m, H-18 and H-20), and 1.80 (3H, d, 
J < 1.0 Hz, H-14). For example, irradiation of the 
multiplet centered at 6 6.92 caused the six-proton 
multiplet at 6 1.83 to collapse to a singlet. Thus, the 
multiplet at 6 1.83 could be assigned to the methyl 
groups at  C-18 and C-19. 


Irradiation of the broad singlet at 6 6.04 (H-3) 
caused a three-proton doublet a t  6 1.98 to collapse to 
a singlet, which could thus be assigned as the C-4 
methyl signal, as was also observed in the decoupling 
experiment of molephantin acetate. Irradiation of the 
C-6 proton at 6 4.34 caused only a sharpening in the 
multiplet a t  6 3.40, which was assigned to the C-7 
proton, suggesting that the protons at  C-5 and C-6 
are not coupled to each other. Drieding models of this 
compound indicated the feasibility of this suggestion 
since the dihedral angle between H-5 and H-6 is ap- 
proximately 90°. 


Oxidation of molephantinin with Jones reagent af- 
forded dehydromolephantinin (III), mp 136O, 
C20H2206, whose spectral data were in accord with 
the assigned Structure 111. The circular dichroism 
curve of molephantinin shows a strong positive Cot- 
ton effect at 244 nm, indicating that molephantinin 
possesses the same stereochemistry and absolute con- 
figuration as molephantin. 


The foregoing evidence leads to the formulation of 
the complete structure of molephantinin as I. Studies 
on the structure-activity relationships among mole- 
phantinin-related sesquiterpene lactones are current- 
ly in progress. 


(1) K. H. Lee, H. Furukawa, M. Kozuka, H. C. Huang, P. A. 
Luhan, and A. T. McPhail, J. Chem. SOC. D,  1973,476. 


(2) A. T. McPhail, K. D. Onan, K. H. Lee, T. Ibuka, M. Kozuka, 
T. Shingu, and H. C. Huang, Tetrahedron Lett . ,  1974,2739. 


(3) A. T. McPhail, K. D. Onan, K. H. Lee, T. Ibuka, and H. C. 
Huang, ibid., 1974,3203. 


(4) R. I. Geran, N. H. Greenberg, M. M. MacDonald, A. M. 
Schumacher, and B. J. Abbott, Cancer Chemother. Rep. (Part 3), 
3, l(1972). 


H-5), 6.36 (lH, S, H-l), 6.34 (lH, d, J = 2.5 Hz, H- 


13), 5.21 (lH, dt, J = 4.0, 10.5 Hz, H-8), 4.34 (lH, d, 


(5) R. R. Fraser, Can. J .  Chem., 38,549(1960). 
( 6 )  J. D. Connolly, R. Henderson, R. McCrindle, K. H. Overton, 


(7) T. A. Geissman and T. S. Griffin, Reo. Latinoamer. Quim., 
and N. S. Bhacca, J. Chem. SOC., 1965.6935. 


2,81(1971). 
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I3C-NMR Study of 
Aqueous Glutaraldehyde Equilibria 


Keyphrases Glutaraldehyde-aqueous equilibria determined 
using 13C-NMR, estimation of free aldehyde, relationship to pH, 
antibacterial activity Antibacterial activity-glutaraldehyde 
free aldehyde content determined by I3C-NMR 0 NMR spectros- 
copy-determination, aqueous glutaraldehyde equilibria, estima- 
tion of free aldehyde, relationship to pH 


To the Editor: 


Recently the insensitivity to concentration and pH 
of the free aldehyde content of aqueous glutaral- 
dehyde was reported (1). The percentage of free alde- 
hyde was calculated on the basis of the absence (2) of 
dialdehyde and found to be around 47% from integral 
ratios of 'H-NMR peaks. This amount is twice as 
large as estimates based on 13C-NMR spectra. More- 
over, the 13C-NMR results of Whipple and Ruta (3) 
and our own results indicate clearly two types of free 
aldehyde carbonyl groups, which must be due to the 
free dialdehyde and the hemihydrate, respectively. 
Our study covered a pH range of 1-8 and concentra- 
tions of 25-3% and confirmed previous studies that 
the equilibria among the dialdehyde, the hemihy- 
drate, the dihydrate, and the cyclic hemiacetal are 
not greatly affected by pH or concentration. 


Although 13C-NMR spectra are more easily inter- 
preted than 'H-NMR spectra (because of larger 
shifts and absence of spin-spin coupling), the use of 
peak intensities in spectra obtained by the pulsed 
Fourier transform technique can be misleading. Pos- 
sible problems arising from the processing of the 
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Structure Determination of the Anorexic 
Agent Mazindol 


SANDOR BARCZA and WILLIAM J. HOULIHANx 


0 
Abstract 0 The anorexic agent mazindol was shown to exist as the 
carbinolamine tautomer 5-p-chlorophenyl-2,3-dihydro-5H-imida- 
zo[2,1-a]isoindol-5-01 in solution and in the solid state. The latter 
was established by diffuse UV reflectance spectroscopy. 


Keyphrases 0 Mazindol-structure determination, diffuse UV 
reflectance spectroscopy Structure determination-mazindol in 
solution and solid state, diffuse UV reflectance spectroscopy 0 UV 
spectroscopy, diffuse reflectance-structure determination, mazin- 
do1 


It was reported (1) that condensation of 2-benzoyl- 
benzaldehyde with ethylenediamine, followed by oxi- 
dation, gave a C16Hi4N20 product that can be formu- 
lated either as 5-phenyl-2,3-dihydro-5H-imidazo[2,1- 
a]isoindol-5-01 (Ia) or the tautomeric, form 242-im- 
idazolin-2-y1)benzophenone (IIa). Near IR spectral 
measurement in chloroform gave OH and NH ab- 
sorption in nearly equal amounts, 'indicating the 
presence of about a 1:l mixture of Ia and IIa for the 
base form. UV study at  varying pH in alcohol demon- 
strated that the protonated form exists as the benzo- 
phenone tautomer 111. The X-ray single-crystal 
structure analysis (2) of the hydrobromide salt con- 
firmed that I11 is also the preferred tautomeric form 
in the solid state (Scheme I). 


In these laboratories the 4-chloro analog (mazin- 
dol) of I11 was prepared (3); and because of the com- 
mercial application' of the base form of this sub- 
stance, it was of interest to determine the tautomeric 
form (Ib or IIb) in solution and the solid form. 


~~ ~~ 


Mazindoi is the active ingredient in the anorexic agent Sanorex. 


Ia: R =  H, R, = H 
Ib:R=Cl,R1=H 
Ic: R = C1, R, = C,H, 


I I a : R = H  
116: R = C1 


-H+/I+H+ tl 


IV IIIa: R = H 
IIIb: R = C1 


7'C0,H 
VI 


Scheme I 


DISCUSSION 


As reference compounds, 5-chlorophenyl-5-methoxy-2,3-dihy- 
dro-5H-imidazo[2,1-a]isoindole2 (V) was selected as a model for 
tautomeric form Ib and 2-p-chlorobenzoylbenzoic acid (VI) was 


The structure of the deschloro analog of V, 5-methoxy-5-phenyl-2,3- 
dihydro-5H-imidazo[2,1-a]isoindole, was established by Metlesics et al. (1). 
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Figure 1-UV spectra in  95% ethanol a t  4.0 X 10-5 M of: 
1, VI; 2, IIIb;  3, V; and 4, Ib. 


selected for tautomer 11. 
Figure 1 contains the UV spectra of mazindol (curve 4), its hy- 


drochloride (curve 2), and the reference compounds V and VI a t  
equimolar concentration in ethanol. Comparison of mazindol with 
V (curve 3) reveals that the spectra of both substances are nearly 
identical while the hydrochloride of mazindol exhibits a curve 
more similar to VI (curve 1). These data are in agreement with as- 
signment of the base form of mazindol as the cyclic tautomer 5-p- 
chlorophenyl-2,3-dihydro-5H-imidazo-[2,1-a]isoindol-5-01 (Ib). 
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Figure 2-IR spectra in potassium bromide. 


Table I-l3C-NMR Chemical Shifts 


Assignment”, ppmb 


Carbon Ibc Vd 


2 
3 
5 
5a 
6 
7 
8 
9 
9a 
9b 
1‘ 
2’,6’ 
3’.5’ 
4’ 
OCH, 


41.0* 
59.8* 
87.5 
154.0 
121.9 
131.2 
128.6 


42.2* 
61.0* 
93.i 
150.5 
123.2 
131.8 
129.8 


123.6 124.4 
129.7 129.3 
166.3** 167.8 
140.0 138.2 
127.8 128.2 
128.1 
132.4 
- 


128.9 
135.5** 
50.6 


Q The assignments that are interchangeable are marked (*) while those 
that are uncertain are marked (**I. All aeaignmentv are based on model com- 
pounds, W-NMR shift theory, and intensity considerations. * Shifts are in 
parts per  million downfield from tetramethylsilane and are accurate to f O . l  
relative and +0.5 absolute. C Measured in dimethyl sulfoxide-da at 17 mg/ml 
and 50%. The shifts are calculated from that of the central solvent peak, 
taken as 39.6 ppm. d Measured in CDClz at 400 mg/ml and about 45”. The 
shifts are calculated from hexamethyldisiioxane internal standard. taken 
as 2.0 ppm. 


The hydrochloride of mazindol appears to exist mainly as.the ben- 
zophenone tautomer IIIb. The possible contribution by some pro- 
tonated Ib or the presence of some of the 5-ethoxy analog Ic can- 
not be excluded because of the relatively weak absorption in the 
“benzophenone” portion (about 260 nm) of the spectrum. 


Additional evidence that the base form of mazindol exists in so- 
lution as the tautomer Ib was obtained by comparing the 13C- 
NMR spectra of mazindol with V. In CDCl3 the C-5 signal of V was 
found at 93.1 ppm downfield from tetramethylsilane. Mazindol in 
dimethyl sulfoxide-d6 gave a signal a t  87.5 ppm that can be as- 
signed to the C-5 atom of Ib. No signals were found in the 160- 
200-ppm range of the spectrum, indicating the absence of the ben- 
zophenone3e4 tautomer IIb (Table I). 


To obtain information on the tautomeric form in the solid state, 
the IR spectra of mazindol, IIIb, V, and VI in potassium bromide 
were obtained (Fig. 2). Inspection of the mazindol (Ib) curve re- 
veals an intense band at  1650 cm-’, which could be due either to a 
C=O or a C=N stretching vibration (4). Unfortunately, no clear- 
cut distinction could be made between these possibilities since the 
hydrochloride IIb5, a substance containing a C=O group and a 
C=N group, absorbed at  1655 cm-’, and V, a substance containing 
only the C=N group, absorbed at 1665 cm-’. 


The cluster of bands located at 3080-2600 cm-’ in the mazindol 
spectrum is similar in shape and position to the hydrogen-bonded 
OH bands at 3100-2550 cm-’ found in VI. These bands can be at- 
tributed to OH or NH hydrogen-bonded stretching vibrations (4) 
that could be present in either tautomer Ib or IIb, respectively. It 
is also possible that the zwitterionic form IV may be contributing 
to this cluster of bands since the overall shape is somewhat similar 
to the hydrochloride IIIb. 


Since IR could not be used to determine the tautomeric form of 
mazindol in the solid form, diffuse UV reflectance was utilized6. 
The spectra of powdered mazindol, IIIb, and V from 400 to 270 nm 
are given in Fig. 3. For mazindol and V (curves 1 and 2), reflec- 
tance remained high from 400 to 355 nm where a smooth and steep 
drop occurred to about 0% reflectance at 325 nm. The hydrochlo- 
ride (curve 3) gave a steep drop in reflectance at  380 nm with pla- 
teaus at  365, 355, and 335 nm and 0% reflectance at 310 nm. The 


3 The uncertainties of the values obtained by ‘T-NMR spectra are prob- 
ably *5%. 


‘The C=O atom of benzophenone is found at 194.8 ppm downfield from 
tetramethylsilane; G.  C. Levy and G.  L. Nelson, “Carbon-13 Nuclear Mag- 
netic Resonance for Organic Chemists,” Wiley-Interscience, New York, 
N.Y., 1972, p. 114. 


The free base la and the hydrochloride of IIIa are reported to give an 
IR band in KBr at 1660 and 1665 cm-’, respectively (1). 


6 Numerous unsuccessful attempts were made in this laboratory to ob- 
tain mazindol in a crystal form suitable for X-ray single-crystal analysis. 
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Figure 3-Diffuse UV reflectance spectra of: 1, V; 2, Ib; and 
3, IIIb. 


nearly superimposable spectrum of mazindol and V suggest that 
the former substanceexist sin thesolid formsolely as theimidazo[2,1- 
alisoindole tautomer Ib. The absence of any absorption in the 
380-nm region rules out contribution by the benzophenone tau- 
tomer IIb? 


EXPERIMENTAL8 


Apparatus-The diffuse reflectance spectra were measured on 
a recording spectrometerg equipped with a No. 1411 reflectance at- 
tachment that included an integrating sphere. The powdered sam- 
ples were compressed a t  room temperature into the 2.54-cm (1-in.) 
diameter X 0.3-cm (0.125-in.) deep circular cavity of the aluminum 
reflectance attachment. Prior to running the samples, a new light 
source was installed and the baseline (100% reflectance) was estab- 
lished between 400 and 270 nm using magnesium oxide as a refer- 
ence standard. 


The solution UV spectra were determined with a recording spec- 
trometer’O between 210 and 400 nm at a scan speed of 5 A/sec. 


The 13C-NMR spectrum of Ib was taken on a spectrometer” 
.equipped with a pulse-Fourier transform package12. The frequency 
was set a t  25.2 MHz with broad band ‘H decoupling a t  6 7 and a 
sweep width of 5000 Hz with 12-psec pulse width. The internal D- 


7 A  search of the chemical literature failed to uncover any examples 
where diffuse UV spectroscopy was used to distinguish tautomeric forms in 
organic solids. The relative ease of determining these spectra on solids, par- 
ticularly those unsuitable for X-ray crystal analysis, warrants further appli- 
cation of this technique to tautomeric problems. 


Melting points were determined in a Thomas-Hoover capillary melting- 
point apparatus and are uncorrected. 


Cary model 14M. 
lo Cary model 15. 
l1 Varian XL-100-15. 
l2 Transform Technology Inc. 


lock on dimethyl sul’foxide-d,j was at  15.4 MHz, and the spectrum 
was obtained from 32K scan over 10 hr. 


The 13C-NMR spectrum of V was taken on a spectrometer 
(Bruker) equipped with a pulse-Fourier transform accessory that 
included a signal averager and a computer providing 4K data 
points in the time domain. The frequency was set a t  22.63 MHz 
with broad band ‘H decoupling at  90 MHz and a typical sweep 
width of 5000 Hz with 15-psec pulse width. Hexafluorobenzene was 
added for locking, and hexamethyldisibxane was used as the inter- 
nal standard taken as 2 ppm downfield of tetramethylsilane. 


5 - p - Chlorophenyl - 5 - methoxy - 2.3 - dihydro - 5H - im- 
idazo[2,1-a]isoindole (V)-A stirred mixture of 56.0 g (0.20 mole) 
of Ib and 1.0 liter of dry methanol was treated a t  room tempera- 
ture with a stream of anhydrous hydrogen chloride gas until the 
solution was saturated. The solution was then refluxed for about 
18 hr and concentrated in uacuo to about 500 ml. The concentrat- 
ed solution was then slowly poured into 500 ml of a saturated sodi- 
um bicarbonate solution cooled in an ice bath. The mixture was ex- 
tracted with four 200-ml portions of ether. The ether layer was 
dried with anhydrous potassium carbonate, filtered, and concen- 
trated in uacuo. Crystallization from ether-pentane (1:l) gave 32.3 
g (55%) of V, mp 104-105°; NMRI3 (CDCl3): 6 3.15 (3H, s, OCH3), 
2.65-3.50 (2H, m, CHzN), and 4.18-4.46 (2H, m, =NCHz). 


Anal.-Calc. for C17H15ClN20: C, 68.3; H, 5.1; C1, 11.9; N, 9.1. 
Found: C, 68.5; H, 5.3; C1, 12.0; N, 9.3. 
4’-Chloro-2-(2-imidazolin-2-yl)benzophenone Hydrochlo- 


ride (1IIb)-A solution of 5.0 g of Ib in 100 ml of anhydrous meth- 
anol-tetrahydrofuran (1:l) was cooled in an ice bath and treated 
with a stream of anhydrous hydrogen chloride gas until it was sat- 
urated. The solution was then concentrated in uacuo, and the crys- 
talline residue was filtered and washed with anhydrous ether. The 
solid was dried in uacuo at  room temperature to give 5.2 g (92%) of 
IIIb, mp 175-177’. 


Anal.-Calc. for C16H14C12N20: C, 60.0; H, 4.4; C1, 22.1; N, 8.8. 
Found: C, 60.1; H, 4.5; C1,22.2; N, 8.7. 
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Intragranular Starch: Comparison of 
Starch USP and Modified Cornstarch 


JOSEPH B. SCHWARTZX, ELLWOOD T. MARTIN, and EUGENE J. DEHNER 


Abstract Incorporation of starch USP or a modified cornstarch 
within the granules of several drug formulations was investigated. 
In general, the formulation containing the modified starch exhib- 
ited improved processing characteristics as well as improved tablet 
properties. A comparison of a granulated and a direct compression 
formulation of the same ingredients indicated that granulation of 
an active ingredient is not necessarily detrimental to its (pharma- 
ceutical) availability. 


Keyphrases 0 Starch-comparison of starch USP and modified 
cornstarch Excipients-comparison of starch USP and modified 
cornstarch 0 Disintegrants-comparison of starch USP and modi- 
fied cornstarch Binding agents-comparison of starch USP and 
modified cornstarch 


Direct compression of pharmaceutical tablets has 
become an integral part of pharmacy in recent years, 
and several components have been designed and 
marketed especially for use in such systems. For ex- 
ample, Manudhane et al. (1) discussed the use of a 
modified cornstarch’ in direct compression formulas. 
Starch USP is a common excipient in solid dosage 
forms, both as a binder and as a disintegrant (2). 


When cornstarch, in either of these two forms, is 
added to a formulation in the dry state (prior to the 
lubricating step), its use is that of a disintegrant. 
When it is incorporated into the granule, either as a 
paste or dry (prior to granulation with some other 
agent), both the binding property and the disinte- 


’ Sta Rx 1500 starch, A. E. Staley Manufacturing Co., Decatur, Ill. 


328 1 Journal of Pharmaceutical Sciences 


grant property may be operative. It is this dual prop- 
erty that is of interest in this study. 


This work documents a comparison of starch USP 
and a modified cornstarch incorporated in the gran- 
ules of several drug formulations. Their processing 
properties and their relative pharmaceutical availabi- 
lities, as indicated by dissolution measurements, were 
studied. 


EXPERIMENTAL 


Materials-Excipients used in preparing the tablets included 
starch USP, a modified cornstarch’, microcrystalline cellulose*, 
spray-dried lactose3, and magnesium stearate USP. Active ingredi- 
ents included acetaminophen4, ascorbic acid5, chlorothiazide5, le- 
vodopa6, methyldopa5, and probenecid5. 


Tablet  Preparation-The active ingredients selected were all 
a t  a dosage of 500 mg, and tablet composition was identical for all 
drugs. The excipients were maintained constant in the experimen- 
tal plan, although the formulation may not have been ideal for any 
one of the drugs. Batch sizes remained constant at  1000 tablets. 


Granulations of 500 g of each active ingredient and 60 g of either 
starch USP or the modified cornstarch with a 7.0% starch paste 
(65O) were processed in a planetary mixer7. In all cases, the starch 
paste was prepared with starch USP. The wet granulations were 
manually screened through a No. 6 screen and oven dried over- 
night at  45”. After dry milling8, the granulations were blendeds 


Avicel PH 101, FMC Corp., American Viscose Division, Newark, Del 
Foremost-McKesson, Inc., San Francisco, Calif. 
S. B. Penick & Co., New York, N.Y. 
Merck & Co.. Rahwav, N.J. 
Monsanto Co., St. Louis, Mo. 
Kitchen Aid model K-45, Hobart Manufacturing Co., Troy, Ohio. 
Homoloid, 0.13-cm (0.050-in.) screen. 
Patterson Kelley V-blender. 







Table I-Granulation Properties 


A, B, C, D, E, F ,  
Drug Methyldopa Acetaminophen Ascorbic Acid Chlorothiazide Levodopa Probenecid 


Starch Modified U S P  Modified USP Modified USP Modified USP Modified USP Modified USP 
~ 


Loss on 10.2  10 .0  0 .8  1 . 0  1 . 4  1 . 7  1 . 0  1 . 4  1 . 0  1 . 4  0 . 6  1 . 4  
drying, % 


Sieve analysis, 
% on 
screen _._. .~~ 


No. 30 1 2 . 0  1 1 . 8  5 . 5  1 . 6  1 6 . 2  4 . 8  4 . 2  5 . 6  2 . 6  3 . 8  2 . 2  1 . 1  
No. 50 32 .8  37 .2  36 .2  24.7 3 7 . 2  2 3 . 3  23.9 1 0 . 4  23 .7  8 . 8  1 5 . 9  1 0 . 7  
No. 100 2 2 . 8  2 0 . 1  35.6 4 0 . 3  2 6 . 0  35 .5  35 .5  8 1 . 3  2 8 . 4  1 7 . 1  5 7 . 3  1 4 . 2  
No. 200 1 5 . 7  1 6 . 4  22 .6  32 .8  13 .5  2 9 . 5  3 0 . 3  2 . 7  23 .5  2 7 . 7  21 .5  5 9 . 5  
No. 325 1 3 . 7  1 0 . 3  0 .1  0 . 6  5 . 2  6 . 4  5 . 2  - 1 9 . 2  3 0 . 2  2 . 9  1 3 . 7  
Base 3 . 0  4 . 2  - - 1 . 8  0 . 5  0 . 8  - 2 . 7  1 2 . 5  0 . 1  0 . 8  


Meangranule  385 430 380 300 480 290 290 340 250 135 320 170 
diameter, 
P mp 


Density, g/ml 
Bulk 0.578 0 .633  0 .459  0.449 0 .733  0.695 0 .569  0 .466  0.614 0 .594  0 .343  0.325 
Tapped 0.770 0 .879  0 .695  0 .736  0.991 1.007 0.769 0.790 0 .787  0.848 0 .528  0.551 


C om pres- 24.94 27.99 33.46 38.99 37.92 30.98 26.01 41.01 21.98 29.95 35.04 41.02 
sibility, % 


Angle of 49'38' 53'55' 55'25' 55'25' 48'55' 51O27' 52"18' 58'44' 51'27' 53'08' 56'49' 58'44' 
repose 


Flow, sec 4 14 14 17 5 16 7 49 8 26 59 68 
Flow Good Fair. Good Poor Good Good Good No run Good Poor No run No run  


properties 
on rotary 
press 


Obtained from graphs of the sieve analysis data. 


with 130 g of microcrystalline cellulose and lubricated with 0.6% 
magnesium stearate. 


Tablets were compressed on a rotary machinelo operating at 20 
rpm and equipped with only two sets of capsule-shaped punches, 
0.71 X 1.82 cm (%z X 2%2 in.), stationed on opposite sides of the die 
table. 


Testing Procedures-Sieve analyses were performed on sam- 
ples of the milled granulations, using a nest of sieves and an elec- 
tromagnetic sieving machine". The compressibility factor was cal- 
culated using: 


x 100 (Eq. 1) 


where P is packed density, and L is loose density. Densities were 
measured using a graduated cylinder and a motorized tapping de- 
vicel2 set to operate for 2000 cycles. Loss-on-drying moisture de- 
terminations were obtained with a moisture balance13. 


The angle of repose was measured for each lubricated mixture 
using the method of Nelson (31, where the repose angle 6 is defined 
by: 


P - L  
P percent compressibility = 


h 
C#J = tan-'- (Eq. 2) 


in which h is the height and r is the radius14 of the base of the 
cone formed by the powder. Flow time was determined by the flow 
of 60 g of material through a stainless steel funnel with a 1.5-cm 
opening. 


The tablet properties measured included 20 individual weights 
determined on a semimicro analytical balance15, 20 individual 
thickness measurements made on a dial comparator'6, and break- 
ing strength measurements determined on a motorized tester17. 
The disintegration time of six tablets was measured by the method 
described in USP XVIII. 


'OStokes model BB2, modified by removal of the front ejection cam so 


l2 Model JEL-STS, Numec Instrument & Control Corp., Monroeville, Pa. 
Is Central Scientific Co., Chicago, Ill. 
l4 The value of r in this set of experiments was 2.55 cm. 
l5 Model H20T. Mettler Instrument Corp., Princeton, N.J. 
l6 Model 282M, B. C. Ames Co., Waltham, Mass. 
l 7  Heberlein hardness tester, Cherry Burrell. Park Ridge, Ill. 


only one compressing station was used. 
Ceoscience Instrument Corp., Mt. Vernon, N.Y. 


Dissolution measurements were carried out by the method spec- 
ified in USP XVIII with a 50-rpm rate of rotation. The dissolution 
medium was 0.1 N HCl unless noted otherwise. 


RESULTS AND DISCUSSION 


The various drugs were all treated in the same manner, and 
comparisons were made between the two formulations of each ac- 
tive ingredient, i .e.,  one containing starch USP and one containing 
the modified starch, and not between active ingredients. 


The physical properties of the granulations (Table I) showed 
some differences. In most cases, the formulation containing the 
modified starch appeared to yield a granulation with a slightly 
larger mean diameter, indicating more efficient granulation. Corre- 
spondingly, the granulations containing starch USP were generally 
more dense. There was very little difference in the moisture levels 
between the two granulations of a given drug. 


The three factors of compressibility, angle of repose, and time of 
flow, which should give some indication of flow properties, general- 
ly predict that the granulations containing the modified starch will 
perform better. The lower the compressibility (4) and the lower 
the response angle (3), the better is the predicted flow. 


This was shown to be true in every case where the material 
flowed sufficiently to produce tablets. With probenecid (Table I), 
neither granulation would flow well enough to compress a tablet on 
the rotary machine, even when operated manually. With ascorbic 
acid, the two formulations seemed to perform equally well. In the 
other four cases, the formulation containing the modified starch 
performed better on the rotary machine than its counterpart con- 
taining starch. 


Although this evaluation is subjective in the case of methyldopa, 
it is less so with the others. Two of the formulations containing 
starch USP (Table I. B and E) required that the machine be 
turned slowly by hand to obtain tablets that did not cap at the 
take-off bar. The starch USP counterpart of a third (Table I, D) 
would not flow sufficiently to run at  all. 


The three formulations that would not flow sufficiently to fill 
the die cavity yielded repose angles >56O whereas all others were 
below 56". Time of flow through a funnel also appeared to give cor- 
relation with nonflowability, since the same three formulations 
gave values of 49 sec or greater. 


The physical properties of the resulting tablets (Table 11) sup- 
port this evaluation. The weight control, as indicated by the rela- 
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Table 111-Tablet Hardness at Equivalent Pressures 


Hardness at Equivalent 
Pressures, kg 


Drug 


Tablet  with 
Tablet with Modified 
Starch USP Starch 


Methyldopa 7 .5  10.5 
Acetaminophen 5 . 0  6 . 5  
Ascorbic acid 5 . 0  6 . 5  
C hlorothiazide 11 .o 15.5 


Pro benecid 9 .5  13.0 
Levoaopa 5 . 0  8.0 


tive standard deviation, was always higher for the granulation con- 
taining starch USP than for its modified starch counterpart. The 
other physical properties were adequate in all cases, with the ex- 
ception of the hardness of the starch USP formulation of acetami- 
nophen which could not be increased. 


The ability to lessen the tendency for capping and splitting of 
the tablet, as mentioned previously, represents a significant ad- 
vantage of the modified starch. This material apparently acts as a 
stronger internal binder than starch USP; but if too much binding 
power is contributed, disintegration and dissolution could be ad- 
versely affected. What is required is an internal binder that also 
has disintegrant propertiesls. 


The disintegration values (Table 11) are all satisfactory, indicat- 
ing that the additional binding capacity of the modified cornstarch 
is not detrimental. Moreover, the dissolution profiles show a dif- 
ference between the two granulations when a comparison was 
available. As shown in Fig. 1, the release profile of the modified 
starch formula is consistently higher than that of the correspond- 
ing starch USP formula for the five drugs that did yield tablets. 


These comparisons were made on tablets of approximately the 
same hardness values for a given drug. In general, the hardness 
value for the tablet containing starch USP was the maximum pos- 
sible; i.e., no additional compression pressure could be applied. For 
the drugs in Figs. la and Ib, harder tablets were made from the 
modified starch formulation (13 kg for methyldopa and 6 kg for 
acetaminophen); the release profiles, although lower with in- 
creased pressure, were still higher than those for the corresponding 
starch USP tablets. In one case (chlorothiazide), the tablet con- 
taining starch USP was prepared manually with a hydraulic 
presslg to obtain a dissolution comparison. 


To illustrate the differences in internal binding power at equiva- 
lent pressures, tablets were compressed from each mixture on the 
manual hydraulic press. The image in this case was a round, flat 
beveled edge tablet, 1.27 cm (0.5 in.) in diameter. Since the com- 
pressional force remained constant a t  2000 lb, the comparisons in 
Table 111 show that the formulation containing the modified 
starch for any drug yielded a harder tablet than did the formula- 
tion containing starch USP. 


As noted, each drug selected for the study was treated in the 
same manner with regard to formulation, granulation, etc. For the 
one soluble drug in the group, ascorbic acid, the mixture was over- 
wet during granulation as expected. For this reason, the experi- 
ment was repeated with a 37% decrease in the quantity of the 
water used for the starch paste. 


Although both formulations performed adequately on the rotary 
tablet press, the one containing the modified starch appeared su- 
perior again. However, no significant difference was observed in 
the two dissolution profiles (Fig. 2). The formulation containing 
the modified starch showed no difference from the previous exper- 
iment (Fig. l c ) ,  and that containing starch USP improved to an 
equivalent level. This finding appears to indicate that the modified 
starch formulation is relatively insensitive to this change in pro- 
cessing but that the formulation containing starch USP can be ad- 
versely affected by overgranulation. 


Direct Compression-The ingredients selected for the experi- 


‘8According to the manufacturer’s literature, Sta Rx 1500 starch differs 
from starch USP only from water solubility and particle-size standpoints. It 
contains a 20% maximum cold water-soluble fraction. 


lgCarver laboratory press, Fred S. Carver, Inc., Summit, N.J. 
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mental formulation in this work, as mentioned previously, are 
marketed mainly as direct compression excipients. It has been pro- 
posed that a direct compression formulation is preferable for sev- 
eral reasons, one being that the drug is not bound by granulation 
and, therefore, its availability should be superior. This formulation 
was suitable for such an evaluation since the same ingredients 
could be used both ways. In addition, the percentage of the drug in 
the formulation was so high that the primary drawback of direct 
compression formulations, possible lack of content uniformity, was 
not a concern. 


One soluble and one insoluble drug (ascorbic acid and chlo- 
rothiazide, respectively) were selected, and the identical formula- 
tions were prepared as in the previous section but this time by the 
appropriate simple mixing techniques in a twin-shell blenderg. 


With respect to processing, these direct compression mixtures 
were inferior in all cases. None would flow well enough on the rota- 
ry tablet machine to fill the die even when the machine was oper- 
ated manually. This result was not completely unexpected when so 
great a percentage of the formulation was the active ingredient 
which then controlled the physical properties. The experiment was 
continued, however, by compressing manually on the hydraulic 
press. 


The dissolution profiles on the resulting tablets (Fig. 3) were not 
those expected. Although the formulation containing the modified 
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Figure 1-Dissolution profiles of 
(a) methyldopa, (b) acetamino- 
phen, (c) ascorbic acid, (d) chloro- 
thiazide (dissolution medium p H  
8.0 postussium phosphate buffer), 
and (e) leuodopa. Key:  0, starch 
USP; 0, modified starch; and 
--- , increased tablet hardness 
(see text). 


starch for each drug did exhibit a faster release than the starch 
USP counterpart, each direct compression mixture gave a slower 
release than its granulated counterpart (Figs. l c  and Id).  The 
values for tablet hardness were held constant for the two experi- 
ments. Thus, it is not always true that the granulation of an active 
ingredient is detrimental to its availability. 


Soluble Excipient-The effect of including a soluble compo- 
nent in the formulation under study was of interest. For this rea- 
son, the two chlorothiazide granulations were prepared as before 
but were then mixed with a directly compressible lactose rather 
than the microcrystalline cellulose. 


Again, the processing characteristics of the formulation contain- 
ing the modified starch were superior to the starch USP counter- 
part. While tablets of 15-16 kg in hardness were prepared from the 
former, the latter produced only tablets of 4-6 kg on the rotary 
tablet press. 


For dissolution testing, tablets of equivalent hardnesses were 
prepared by hydraulic press as before. In the case of these lactose 
formulations (Fig. 4), the one containing starch USP gave a higher 
release rate than did its modified starch counterpart. The release 
of the starch USP-lactose formulation was essentially equivalent 
to that of the starch USP-microcrystalline cellulose formulation, 
and both were slower than the modified starch-microcrystalline 
cellulose formulation (Fig. Id ). 
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Figure 2-Release profile for ascorbic acid tablets. K e y :  *, 
starch USP;  and 0, modified starch (see text) .  


A possible explanation for the release of the modified starch- 
lactose formulation being lower than its microcrystalline cellulose 
counterpart may be that the wicking action of the microcrystalline 
cellulose allows the dissolution medium to act on the granules 
quickly, thus bringing into play the properties of the modified 
starch; in the other formulation, the activity of the solvent is divid- 
ed between the dissolution of the lactose and the action on the 
granules. Thus, in the case of a specialized ingredient such as mod- 


0 5 10 15 
MINUTES 


Figure 3-Release profiles for direct compression formula- 
tions. K e y :  e, starch USP; 0, modified starch; -; ascorbic 
acid; and ---, chlorothiazide. 
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MINUTES 


Figure 4-Dissolution profiles for chlorothiazide formulations 
containing lactose. Key: e, starch USP; and 0, modified 
starch. 


ified starch, i t  is important to  consider the effect of each ingredi- 
ent in the formulation on the specialized property one is trying to 
utilize. 


SUMMARY 


Formulations of several drugs were prepared by incorporating 
either starch USP or a modified starch within the granule and sub- 
sequently adding microcrystalline cellulose. In general, for a given 
drug, the formulation containing the modified starch performed 
better during processing (flow and weight uniformity) and exhib- 
ited a slightly faster release rate (under the conditions of the test) 
than did its starch USP counterpart. The modified starch mixture 
produced a harder tablet than the starch USP mixture when com- 
pressional force was held constant. The data also indicate that the 
mixture containing modified starch may be less sensitive to 
changes in processing, i e . ,  overgranulating. 


When granulated and direct compression mixtures of the same 
ingredients were prepared, the granulated mixtures performed 
better with respect to both processing and dissolution testing. Sub- 
stitution of a soluble component, lactose, for the microcrystalline 
cellulose did not significantly change the properties of the starch 
USP formulation but did lower the release rate of the modified 
starch formulation. 


The results of this study show that although modified starch is 
marketed as a direct compression excipient, it may also be used in 
the granulation technique with possible improvement in process- 
ing properties and pharmaceutical availability as measured by dis- 
solution. 
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Hydrodynamic Analog Model for Pharmacokinetics I: 
Model and Its Usefulness 


V. S. VAIDHYANATHAN 


Abstract 0 A novel hydrodynamic model for drug distribution, 
when the drug is administered intravenously in physiological sys- 
tems, is presented. In addition to obtaining results of familiar mul- 
ticompartment models, the theory presents fresh insights into 
pharmacokinetic problems. A detailed procedure is included for 
evaluating drug-physiological system parameters such as the elim- 
ination rate constant, volumes of distribution, and permeability 
properties from the experimental time course of concentration of 
the central compartment. 


Keyphrases Model, hydrodynamic analog-proposed for phar- 
macokinetics, applications, equations Diffusion model, hydrody- 
namic, analog-proposed for pharmacokinetics, applications, 
equations 0 Pharmacokinetics-hydrodynamic analog model pro- 
posed, evaluation of elimination rate constant, volume of distribu- 
tion, and permeability properties 


Several examples of experimental studies of drug 
elimination from plasma following absorption and 
initial distribution are available (1-4). Intravenous 
administration of a drug assures that the adminis- 
tered substance is initially distributed in plasma and 
then to other tissues including the kidneys, and final- 
ly it is eliminated from the body. The salient feature 
of these studies is that variations of drug concentra- 
tion in plasma with time can be adequately repre- 
sented as the sum of two or three exponential func- 
tions, the characteristic parameters of which are eval- 
uated experimentally. 


The theoretical foundations of such pharmacoki- 
netic experiments are based on the two- and three- 
compartment models (1, 2). This report presents a 
novel hydrodynamic picture of what is probably hap- 
pening to substances administered intravenously (5). 
The model presented is simplified for clarity and can 
possibly account for many experimental observa- 
tions, including the kink observed in the plot of plas- 
ma concentration of dicumarol(4) uersus time. 


The model presented enables one to relate the ki- 
netic parameters of familiar compartment models 
with physical parameters such as the permeability of 
barriers separating the compartments. The model 
can be improved by inclusion of appropriate chemical 
reactions with which the drug can participate in cer- 
tain compartments and may help in quantitizing 
phenomena such as bone growth in physiology. Of 
immediate interest is that the model sheds new light 
on certain aspects of existing compartment model 
theories. 


HYDRODYNAMIC ANALOG OF THREE- 
COMPARTMENT MODEL ANALYSIS 


Consider the flow of a liquid into Compartments 2 and 3 from 
Compartment 1 and to  the outside through a tap connected to 
Compartment 2 (Fig. 1). Assume that a t  time t = 0, the liquid is 
poured into Compartment 1, with no liquid present in Compart- 


(i 
! 3  


t = O  


0 < t < ta *  


o < t = t z *  


(C) 


I It t 


( d )  


Figure 1-Hydrodynamic analogy of the three-compartment 
system. 


ments 2 and 3. The partition between Compartments 1 and 3 is po- 
rous and has an effective pore area, A13, and thickness, h 1:3. Simi- 
larly, the partition between Compartments 1 and 2 is also porous, 
with an effective pore area, A I Z ,  and thickness, hlz .  


Then study the levels of liquid in the three compartments a t  
four arbitrary times (Fig. 1). Initially the liquid flows from Com- 
partment 1 to Compartments 2 and 3 at different rates, depending 
on the porosity of partitions and the volumes of compartments. 
This results in a rise of the levels of liquid in Compartments 2 and 
3 and a corresponding decrease in the level of liquid in Compart- 
ment 1. As time progresses, the difference in levels between Com- 
partments 1 and 3 decreases and the levels in Compartments 1 and 
3 become equal a t  a certain time, t = t 3 * .  At this time, the net flow 
of liquid between Compartments 1 and 3 vanishes. 


If the tap connected to Compartment 2 has been closed all of the 
time, there will come a time, t = t o ,  when levels in all three com- 
partments become equal and the net flow between compartments 
vanishes. (Discussion about whether t o  is finite or infinite is subtle 
and not very relevant to the present discussion.) This represents 
the most stable equilibrium state of the system. Since, however, 
the tap connected to Compartment 2 is always (slightly) open, this 
equilibrium state is never reached in the system depicted in Fig. 1 
for reasonable times. The stable state is when all of the liquid in 
the three compartments has drained to the outside. Thus, for 
times greater than t 3*, the direction of flow of liquid between 
Compartments 1 and 3 reverses and the levels of liquids in the 
three compartments attain the configuration depicted in Fig. Id. 
Flow to the outside through the tap continues until all of the liquid 
is depleted. 


The multicompartment models of pharmacokinetics can now be 
studied with the help of this hydrodynamic analogy, where levels 
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are to be replaced by concentrations. Certain conclusions of a gen- 
eral nature can be obtained from this extremely simple example. 


First, net loss of material from the system occurs through the 
elimination process ( i . e . ,  leak through the tap ignoring any  meta- 
bolic process loss in compartments), which may be adequately rep- 
resented by a first-order rate constant, k z o .  Thus, one has the 
mass conservation equation for the three-compartment model: 


( d / d t ) l X , ( t ) V ~  + Xz( t )V,  + XXt)V,l = - k m V r X X t )  (Eq. 1) 


where X l f t ) ,  X z f t ) ,  and X 3 ( t )  are concentrations in Compart- 
ments 1, 2, and 3, respectively, at time t;  and V1, Vp,  and V3 are 
the volumes of distribution of the material in Compartments 1, 2, 
and 3, respectively. The rate of loss of material from the system at 
time t is assumed to be proportional to the concentration in Com- 
partment 2 a t  time t ,  the negative sign in Eq. 1 denoting the loss. 


If Q i d t )  and Q 1 3 f t )  represent the net (total) amount of sub- 
stance transferred from Compartment 1 to Compartments 2 and 3, 
respectively, from time zero to time t , the mass balance equation 
may be written as (6): 


where the super dots indicate first time derivatives of appropriate 
quantities. 


Only when the volumes of distribution of the three compart- 
ments equal one another does one get a relation of the type (7): 


X J t )  + X, ( t )  + X,(t) = -k,X,(t) (Eq. 3) 


Second, the appropriate initial conditions are that a t  time t = 0, 
one has: 


X,(O) = dose/V, 0%. 4a)  
X A O )  = X 3 ( 0 )  = 0 0%. 46)  


The third conclusion that one arrives a t  is that the transport 
from Compartment 1 to 3 occurs only in one direction at any time 
t; the direction of transport is determined by the difference in con- 
centrations between Compartments 1 and 3. Fourth, there exists a 
positive definite critical time t 3*,  at  which the flow between Com- 
partments 1 and 3 vanishes. For times greater than t 3 * ,  the loss in 
concentration in Compartment 1 due to the flow to Compartment 
2 and the outside is partly offset by the flow of material from Com- 
partment 3 to 1. 


The fifth conclusion is that if the leak to the outside is eliminat- 
ed, ie., the tap is closed at  all times, it takes a minimum finite 
time, t o ,  for the system to reach equilibrium when concentrations 
in the three compartments will be equal. When k20 is equal to  
zero, only for times equal to and greater than t o ,  the right-hand 
side of Eq. 3 vanishes and Eq. 3 is valid with unequal volumes of 
distribution of compartments. 


Finally, the sixth conclusion that one arrives a t  from the simple 
hydrodynamic model is that the variation in concentrations of 
compartments with respect to time for the system is determined 
by the set of differential equations: 


X l ( t )  = -k61p + 6 d / v , I X I  + (612/VI)XZ + (6dV1)X, ,  0%. 
X , ( t )  = -Ka,,/v,, + k,"lX, + (6 , , /V , ,X,  (Eq. 5b) 
X,Xt )  = - ( 6 l : l / v d x ,  + (al,l/v:,)x, (Eq. 5c) 


The constant parameters 612 and 613 can be identified with the use 
of Fick's law (8) as: 


6 1 2  = (Di>Ai?/hiz) (Eq. 6a) 
6l:l  = (D1:jA13/h13) ( E q .  66)  


where D p and D 1 3  are the diffusion coefficients of administered 
substance in the barrier between Compartments 1 and 2 and Com- 
partments 1 and 3, respectively; A12 and hlz  are the effective 
pore area and thickness, respectively, of the barrier separating 
Compartments 1 and 2; and A13 and h 1 3  are the-effective pore area 
and thickness, respectively, of the barrier separating Compart- 
ments 1 and 3. 


The differential equations of conventional pharmacokinetics 
deal in amounts rather than in concentrations. With the identifica- 
tions: 


where k12, k21, k13, and k31 are the first-order rate constants of 
the familiar three-compartment model, one obtains a one-to-one 
correspondence between the hydrodynamic analog and the famil- 
iar pharmacokinetic expressions. 


It is a necessary consequence of the hydrodynamic analogy 
model and principles of irreversible thermodynamics that: 


k,,*V, = kz l*V,  (Eq. 8a) 
k13*Vl  = k31*V3 (Eq. 8 6 )  


Thus, with the hydrodynamic model, one is able to relate diffusion 
coefficients in the barrier, effective pore area, and permeability of 
the substances across the barrier with the kinetic first-order rate 
coefficients of the familiar compartmental model equations. 


THEORETICAL 


Based on the assumption that the rate of transfer of solute ma- 
terial between adjacent compartments a t  any time t is proportion- 
al to the difference in concentrations between the compartments 
a t  time t ,  one has the set of coupled differential equations: 


(Eq .  9U) 
(Eq. 9 6 )  


Q d t )  = 6 , 6 X l ( t )  - XXt, l  
Q13(t) = 613[Xl(t) - xht)] 


where Q 1 2 ( t )  is the rate of transfer of solute from Compartment 1 
to 2 a t  time t. The concentrations of drug substance in Compart- 
ments 1 and 3 at  any time t are related to Q l d t )  and Q 1 3 f t )  by 
the relations (6,8): 


X , ( t )  = ( d w / V l )  - ( l / V l ) { Q l & )  + Ql:dt)I (Eq. 100) 
x 3 ( t )  = Q 1 3 ( t ) / V 3  (Eq. 10h) 


With k20 nonvanishing, the concentration in Compartment 2 at 
time t is related to Q 1 2 ( t )  by the differential equation: 


X , ( t )  + k,X,( t )  = Q l ( t ) / V ,  (Eq. 11) 


To obtain the solutions of Eqs. 9a and 9b subject to the con- 
straints of Eqs. 10a, lob, and 11, it is convenient to differentiate 
once more with respect to time: 


Ql&) = S,LX, - XJ tEq. 12~1) 
Q13(t) = 6,JX, - X,] (Eq. 1%) 


Since the solution of Eq. 11 is evident with vanishing 012, assume 
that the solution of Eqs. 12a and 12b is given by: 


X X t )  = A(t)  exp (-k,$) ( E q .  13) 


where A(t) is an unknown function of t to be determined. Use of 
Eqs. 10a, lob, 11, and 13 in Eqs. 12a and 12b yields, upon rear- 
rangement: 


Q1&) = A(t)V,exp (-halt) 
Q1dt) = ~V,V,/61,)I'exp(-k,0t)K;4 + &a,, - k 2 ( , )  - 


(Eq. 14n) 


A(k2o6Ij/VJ)] (Eq.  14h)  
alp = 6, , (V,  + V 2 ) / V I V L  (Eq. 14c) 


Substitution of the results of Eqs. 14a-14c in Eqs. 15a and 15b 


(Eq. 1 5 n )  
a1:$ = 6, : , (V,  + V,)/V,V,j (Eq. 1W 


yields a third-order differential equation for the function A(t) 
with constant coefficients as: 


obtainable from Eq. 126-uiz.: 


GlJ + a13413 = -(61:l/vl)/Q12(t) 
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A + AP + A Q  + A R  = 0 (Eq. 16) 


where p, (?, and R are time-independent parameters related to the 
permeabilities, volumes of compartments, and k20 by: 


results of this analysis in Eqs. 20a-20e resemble the results of the 
familiar three-compartment model, as the sum of three exponen- 
tial terms, one of the integration constants must have a sign oppo- 
site to the signs of other two integration constants. This result has 
the implication (which is not generally recognized) that a function 
of the type X c A u  exp ( p o t ) ,  where A,’s  are constants and p o ’ s  
are negative definite time-independent quantities, can have ex- 
tremum ualues. This aspect is utilized to explain (9) the observed 
kink in the plot of plasma concentration uersus time’. 


P = aI2  + alj - 2km 
Q = [kxiIkm - (6 iJVL)  - ail - aiJI + a i z a 1 3  - 


(Eq. lYu 


c612a13~v12)1 (Eq’ lTb) 
(Eq. 17c) R = kld6lL/Vi)[ha - LXJ 


Evidently, the solution of the differential Eq. 16 is: EVALUATION OF SYSTEM PARAMETERS FROM 
EXPERIMENTAL DATA 


A ( t )  = X C ,  exp(r,t) (Eq. 18) 


where C, (a = 1, 2, 3 )  are constants of integration to be deter- 
mined from boundary conditions, and r r  (a = 1 , 2 , 3 )  are the three 
roots of the cubic equation: 


“ - 1  Aside from the profferred explanation for the possible existence 
and observation of kinks in the plot of the concentration of the 
central compartment uersus time (9), the main results of the cur- 
rent approach presented in Eqs. 20a-20e for the time dependence 
of concentrations of the three comDartments are in agreement with 


I 


rj + r2P + rQ + R = O  (Eq. 19) the familiar compartment model analysis. However, the significant 
feature of the hydrodynamic analog is that  the physical meaning of 
the observed slopes, intercepts, and rate coefficients can be pre- 
sented. 


TIME DEPENDENCE OF CONCENTRATIONS IN 
COMPARTMENTS 


From the results of the previous section, one is now in a position 
to write down the expressions for time dependence of concentra- 
tions in the three compartments: 


(Eq. 20u) 


M,, = rbL + r o ( a I ,  - k:,!) - k , , ( b l L / v L )  (Eq. mOd) 
(Eq. 20e) 


Utilizing the initial conditions that a t  time t = 0 the concentra- 
tions in Compartments 2 and 3 are null and that the concentra- 
tion in Compartment 1 equals (dose/VI), one has from Eqs. 20a- 
20e: 


p,  = r, - kL,, and m = (VL/61L) 


I 


CCJ0 = 9 
“-1 


I cc, = 0 
“ = I  


(Eq. 21a) 


(Eq. 21b) 


(Eq. 21c) 


The parameters characteristic of the system are the permeabili- 
ties of the barrier between Compartments 1 and 2 , 6 1 2 ,  the barrier 
between Compartments 1 and 3, 613, the volumes of distribution of 
drug in the three compartments, V , ,  and the elimination rate con- 
stant, k20.  One now evidently needs a detailed procedure for eval- 
uating the parameters characteristic of the physiological system 
and the drug from experimental data. Due to limitations of the ex- 
perimental procedure in the physiological system, such experimen- 
tal information is (unfortunately) usually restrided to the time 
course of the concentration of drug in Compartment 1. 


This analysis categorically points out that  the usual identifica- 
tion of the asymptotic slope for large times of the plot of In X l(t) 
with the elimination rate constant h 2 0  is untenable. This asymp- 
totic slope equals the smallest of the three decay constants, say 
(-A equal to & Z O  - r d .  


The familiar resolution of the plot of In X 1 uersus t ,  into sum of 
three linear plots, yields the values of MI, pz, and ps for the slopes. 
Corresponding intercepts a t  time t = 0 yield the values of, for ex- 
ample, i I, I 2, and is .  These are the known quantities a t  present 
from experimental data. Defining the computable quantities jn by: 


In J, = 1 ,  (Eq. 2 4 ~ )  
J“ = C,(1 + r,,m); u = 1. 2, 3 (Eq. 2 4 b )  


Additional information available from experimental data is the 
one has the values of C , ( l  + r ,m) ,  where m equals (V2/612). 


concentration of drug in Compartment 1 a t  time t = 0-uiz.: 


XAO) = j l  + j ?  + j ,  = d o s e / V ,  (Eq. 2.5) 


From a knowledge of the initial dose and X I  (O), the volume of dis- 


Since PI,  w z ,  and w 3  are known, one can compute the quantities A 
= k 2 0  - - ( 6 1 ! / v l )  (Eq’ 2 1 d )  tribution of Compartment 1, V 1 ,  is known. 


(Eq, y l e )  
and C: 


9 = dose(6, , /V1V,) 


Solving the set of simultaneous Eqs. 21a-21c, one has the expres- 
sions for the three integration constants for the three-compart- 
ment model: 


CI = q(w - rL - r , ) / h r l  - rlXrl - r L ) /  (Eq  2%) from the relations: 


C, = ~ r l  + ri - w)/{(rI - r J r L  - r , ) }  (Eq. 22b) A = + ~1 + = P + 3kL” (Eq. 27u) 
C,  ‘= q(w - r l  - rL)/{(r l  - r 4 ) ( r L  - r,)l (Eq. 22c) C = -(PIP&.I) = kio’ + k,o’P + k J J  + R (Eq. 27b) 


Thus, one has the result that  all integration constants are pro- Equations 26a, 266, 27a, and 276 follow from recognition of the 
fact that the decay constants p,’s are the three distinct roots of the portional to dose and one can define a parameter p such that: 


CL = C , p  
c, = -(1 + p ) C ,  


p = [ ( r l  + r i  - w )  x 


cubic equation: 
(Eq. 23a) 
(Eq. 236) 


pol + pu,A + p$ + C = 0 (Eq. B a )  


1 Since a critical examination of the physical and mathematical results of 
the multicompartment hydrodynamic diffusion analog may not be of much 
interest to the general reader, these aspects are presented in the next paper. 


The Parameter P is characteristic of the three-compartment 
pharmacokinetic system. The salient point is that  even though the 
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From Eqs. 20a- ~ O P ,  21a- 21e, and 25, one has: 


XdO) = (C,mlC(p, - KJ + P(w2 - w.41 (Eq. 2%) 
(Eq. 2%) P{;, - (CimKfii - P?)I = J 2  


Elimination of p from Eqs. 29a and 296 yields a quadratic expres- 
sion for the unknown (Clrn): 


(CIm)'(pCc, -- p2Kp1 - ccj) - (C,rnH;,(p, - p:,) + 
J C P ,  - ~ 3 )  + X,(O)(/ .L~ - j t z ) I  + j , X , ( O )  = 0 (F4. 30) 


Since all quantities except (C 1rn) of Eq. 30 are known from ex- 
perimental information, one can solve for the value of (Clm). 
Then p can be solved using: 


P = ( / 1 2  - ~cjj-~[[XI(O)/(Clm)l - ( P I  - p3)]  (Eq. 31) 


One has from Eqs. 21c and 23c two relations relating w and k20: 


w(dose/V,) = (Clm){p12 - p S 2 )  + p(pZ2 - p:) + 
2h20[(/1i - /A<) + P(P! - ~ . j ) I l  (I%. 32) 


w = 2 k m  + [ [ ( p l y  - p.;') + 
P(P's' - / @ ) I / { ( P ~  - P.J + P(P> - ~ J l l  (Eq. 33) 


Since p and (Clrn) are now known, Eqs. 32 and 33 should be 
solved simultaneously for w and k20. From the knowledge of k20, 
p o ,  and jo, the values of C,, rs, and rn are computed. From the 
values of VI  and Vp thus obtained, 612 can be computed. Since w is 
defined in Eq. 21d, one can now compute (613lVl). The value of 
a13 is computed using: 


a A - kz, - (Es. 34) 


The value of (613/v3) is obtained using: 


(d,$V,) = - (dlS/Vl)  = A + w - 2k, (fi. 35) 


From these procedures, all parameters characteristic of the 
three-compartment pharmacokinetic system and drug are thus 
computed. Since the quadratic Eq. 30 may yield two distinct 
values of (Clrn), one of these values may be discarded in certain 
cases as physically meaningless, using the physical realistic condi- 
tion that the value of a13 should be greater than (613/vl). 


The physically meaningful condition that a13  is greater than 
( W V 1  ) leads to the condition that when the two roots of Eq. 30 
are distinct, one of them is meaningless. This conclusion is arrived 
a t  by the arguments presented in the Appendix. 


COMPLETE SPECIFICATION OF PARAMETERS IN 


The prescription presented can be systematically characterized 
as follows. Compute V1, the volume of distribution of the central 
compartment, using Eq. 25. Compute the product (Clrn) using Eq. 
30, and compute p using Eq. 31. Then compute w and k20 using 
Eqs. 32 and 33 simultaneously, and compute r l ,  rp, and r3 using 
the relations r o  = p,  + k20. 


Compute C I  using the relation C I  = ;I - rl(C1rn); compute 
C2 and C3 using Eqs. 23a and 236, respectively. The sum of ( a l p  
+ (213) and lnln + (d13/Vl )I are known from Eqs. 34 and 35. Since 
(61dV3)  is also known from Eq. 35, Eq. 266 yields the value of 
(61dV1).  Thus, 612 is now known. Since rn is known from values of 
C I  and K l r n ) ,  V2 is computable. Thus, calculation of individual 
values of a 1 2  and a13 is now feasible with Eq. 26a. Compute (&/ 
V1 ) from knowledge of a13  and (&3/V3). 


THREE-COMPARTMENT SYSTEMS 


CONCLUSIONS 


The motivation behind the development of the hydrodynamic 
diffusion model as an alternative to more familiar pharmacokinetic 
multicompartment models has been many fold. The present work 
derived inspiration from the classic work of Northrop and Anson 
(6). 


The similarity of the method of resolution of compound radioac- 
tivity into component contributions and familiar multicompart- 
ment models of pharmacokinetics is a t  best only superficial. Ra- 


dioactive decay processes have the unique advantages that decay 
constants are independent of environment and that the integration 
constants encountered are just the concentrations a t  initial time of 
independently decaying individual components. In two- or three- 
compartment models, the integration constants, although propor- 
tional to dose, are functions of decay constants. 


The decay constants of familiar pharmacokinetics are deter- 
mined by system parameters such as volumes of distribution of 
various compartments, permeability properties of barriers parti- 
tioning the system into compartments, and the behavior of the 
drug itself. In familiar compartment models, much of this informa- 
tion is latent in the kinetic rate coefficients, and extraction of 
physical properties of the system from such rate coefficients is 
messy. I t  is also maintained that these decay constants are inde- 
pendent of volumes of distribution in familiar pharmacokinetics. 
Introduction of five rate constants, while three are sufficient, to 
describe the flow processes in three-compartment models and bal- 
ancing gain uersus loss by forward flow minus backward flow is 
unnecessary and aesthetically unappealing. 


Other motivations behind the present work are to explain possi- 
ble observations of kinks in the concentration time plot of central 
compartments (4) and to analyze the theoretical possibility of ob- 
servation of aperiodic oscillatory phenomena with certain drugs in 
certain physiological systems. Some of these considerations are 
presented in the following paper (9). It should be emphasized, 
however, that  observation of even one such kink requires that the 
drug and the physiological systems simulate a multicompartment 
system with the number of compartments greater than three. 


A reliable method of computation of characteristic parameters 
of the system from experimental data in preference to the familiar 
procedure is presented. One can incorporate improvements such as 
multiple doses given a t  different times through the central com- 
partment as well as metabolic reactions in various compartments 
and barriers with which the administered drug can participate. Ex- 
tension of the method to the multicompartment model is straight- 
forward and naturally tedious. The presented model can he elabo- 
rated further to include real situations. 


APPENDIX 


I t  is shown here that the physical condition that a13 is greater 
than (613/V1) results always in only one physically meaningful 
root of Eq. 30. Defining a = (PI - pp), 6 = ( p l  - p d ,  c = (112 - d, 
Y = (Cl rn) ,  and d = (613/v3), one has Eqs. 22a-22c written as: 


Y a b  = X,(OXd + p,) (Eq. A l n )  
YWC = -X,(O)(d + p 2 )  (Eq. A l b )  


Y(1 + p)bc = -X,(OXd + p,) (Eq. Alc) 


The physical condition that a13 is greater than (&s/V1) demands 
that d is positive definite. Equations 29a and 296 become: 


XJO) = Y ( 6  + p c )  (Eq. A") 
P = j2/(Jl - Y a )  (Eq. A2h) 


Replacing Y in Eqs. A2a and A26 by the result of Eq. Ala yields: 


J L C .  = X , ( O ) ( d  + p ,  - a )  - j , h  + j , l ab / (d  + pl)l (Eq. A3) 


The coefficient of (C 1m) of Eq. 30 becomes: 


X , ( O X d  + p , )  + j , l a b / ( d  + pl)l (Eq. A4) 


and the two roots of Eq. 30 are: 


Y +  = X,(OXd + p, ) /nb  (Eq. A.ia) 
y- = ;J(d + p,) (Eq. A5h) 


Thus, solution for (C Im ) expressed by Eq. A5a is in agreement 
with Eq. Ala. S ince j l  = C1 + Clrn(p1 + k z o ) ,  one has from Eq. 
A56 that: 


1 = m(d - h2(,) (Eq. A6) 


If d is zero or negative, or if d is positive and has a magnitude 
less than k p o ,  one has the nonphysical result that  m should be 
negative. Thus, the second root of Eq. 30 becomes meaningless 
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when d is zero or negative. Unless the value of j ,  equals X I  (O)((d + jil)2/(ab) }, the two roots of Eq. 30 will be distinct. 


DEFINITION O F  SYMBOLS 
p c  = decay constants of exponentials 
r n  = roots of cubic equation kEq. 19) 
V, = volume of distribution of the compartments 
c _ ‘  - integration constants proportional to dose 
tl* = time at  which minimum occurs inXl( t )  


tz* = time a t  which maximum occurs inXz(t) 
t3* = time a t  which maximum occurs in Xs(t); X3(t3*) = Xl(t3*) 


t(0) = time a t  which extremum occurs in F ( t )  
Xo = concentration in -Compartment u 
i, = intercepts of three resolved plots whose sum depicts In X (t) 


1 3 ~ 2  = permeability of drug across the barrier between Compart- 


tl** = time a t  which maximum may occur inXl( t )  


ments 1 and 2 
u12 = (dlZ/Vl) + (I312/V2) 
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Hydrodynamic Analog Model for Pharmacokinetics 11: 
Critical Examination of Model and Its 
Contribution to Pharmacokinetics 


V. S. VAIDHYANATHAN 


Abstract 0 A comparison of the conventional pharmacokinetic 
models and the previously proposed hydrodynamic diffusion ana- 
log model is presented. A significant result that an n- compartment 
system can exhibit a t  best (n - 1) extremum times in the concen- 
tration-time plot of the central compartment under appropriate 
values of physiological parameters is presented. The observation of 
kinks experimentally in certain physiological-drug systems is thus 
shown to be amenable to explanation. 


Keyphrases Models, hydrodynamic diffusion analog-proposed 
for pharmacokinetics, critical examination, equations 0 Diffusion 
model, hydrodynamic, analog-proposed for pharmacokinetics, 
critical examination, equations Pharmacokinetics-hydrody- 
namic diffusion analog model proposed and critically examined, 
equations 


The hydrodynamic analog of the multicompart- 
ment model presented previously (1) leads to certain 
significant conclusions, which agree with the results 
of the familiar pharmacokinetic models and provide 
new insights. This article presents a critical examina- 
tion of this contribution to pharmacokinetics and a 
possible observation of aperiodic oscillatory phenom- 
ena similar to the kink observed in the case of the di- 
cumarol system. 


ANALYSIS 


Mathematically, both the hydrodynamic analog and familiar 


multicompartment models essentially involve solutions of coupled 
first-order linear differential equations of the kind (2): 


X ( t )  = A X ( t )  (Eq. 1) 
where X is an n- component vector whose elements represent con- 
centrations a t  time t of the n-compartment diffusion model (1). 


In the familiar pharmacokinetic model, these vector elements 
represent the amount of substance present in each compartment. 
The super dot in Eq. 1 denotes the first time derivative. The time- 
independent elements of matrix A of Eq. 1 represent the permea- 
bilities 01‘ the drug in barriers between connected compartments in 
the hydrodynamic diffusion model. Thus, when there is no connec- 
tion between Compartments i and j ,  the corresponding matrix ele- 
ment A,J is zero. 


In the familiar pharmacokinetic model, the elements of the cor- 
responding matrix are linear combinations of assumed first-order 
rate constants. For example, the partial contribution (due to the 
existence of connectivity with Compartment 1 )  to the rate of de- 
crease in the amount of material in Compartment i is assumed to 
be given by: 


Y , = - h , , Y , + k , , Y ,  (Eq. 2) 
where YJ and Y,  are the amounts in Compartments J and i ,  respec- 
tively, a t  time t; and the k,J’s are the assumed first-order rate con- 
stants. 


Thus, volumes of distribution of various compartments are not 
introduced in the formulation of the familiar pharmacokinetic 
model and these need to  be extracted from experimental data on 
the basis of ad  hoc assumptions. The decay constants of conven- 
tional pharmacokinetics are considered not as functions of vol- 
umes of distribution. Since volumes of distribution of various com- 
partments in an n- compartment model definitely play a role in the 
material distribution in various compartments at arbitrary finite 
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the cleavage of a tiglic acid ester (7). In molephantin 
the base peak is at mle 69, due to the methacrylate 
side chain. Acetylation of molephantinin with acetic 
anhydride in pyridine gave an acetate (111, C22H2607, 
mle 402.1670 (M+), mp 131°, which also showed 
comparable IR and NMR spectra to those of mole- 
phantin acetate (V). 


Extensive NMR decoupling (100 MHz) led to the 
following assignment of protons, which was consis- 
tent with the structure of molephantinin acetate as 
depicted in 11: 6 6.92 (lH, br m, H-19), 6.57 (lH, s, 


13), 6.04 (lH, br s, H-3), 5.77 (lH, d, J = 2.0 Hz, H- 


J = 3.5 Hz, H-61, 3.40 ([H, m, H-7), 2.62 (2H, m, 
H-9), 2.07 (3H, S, OCOCH3), 1.98 (3H, d, J = 1.5 Hz, 
H-15), 1.83 (6H, m, H-18 and H-20), and 1.80 (3H, d, 
J < 1.0 Hz, H-14). For example, irradiation of the 
multiplet centered at 6 6.92 caused the six-proton 
multiplet at 6 1.83 to collapse to a singlet. Thus, the 
multiplet at 6 1.83 could be assigned to the methyl 
groups at  C-18 and C-19. 


Irradiation of the broad singlet at 6 6.04 (H-3) 
caused a three-proton doublet a t  6 1.98 to collapse to 
a singlet, which could thus be assigned as the C-4 
methyl signal, as was also observed in the decoupling 
experiment of molephantin acetate. Irradiation of the 
C-6 proton at 6 4.34 caused only a sharpening in the 
multiplet a t  6 3.40, which was assigned to the C-7 
proton, suggesting that the protons at  C-5 and C-6 
are not coupled to each other. Drieding models of this 
compound indicated the feasibility of this suggestion 
since the dihedral angle between H-5 and H-6 is ap- 
proximately 90°. 


Oxidation of molephantinin with Jones reagent af- 
forded dehydromolephantinin (III), mp 136O, 
C20H2206, whose spectral data were in accord with 
the assigned Structure 111. The circular dichroism 
curve of molephantinin shows a strong positive Cot- 
ton effect at 244 nm, indicating that molephantinin 
possesses the same stereochemistry and absolute con- 
figuration as molephantin. 


The foregoing evidence leads to the formulation of 
the complete structure of molephantinin as I. Studies 
on the structure-activity relationships among mole- 
phantinin-related sesquiterpene lactones are current- 
ly in progress. 
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I3C-NMR Study of 
Aqueous Glutaraldehyde Equilibria 


Keyphrases Glutaraldehyde-aqueous equilibria determined 
using 13C-NMR, estimation of free aldehyde, relationship to pH, 
antibacterial activity Antibacterial activity-glutaraldehyde 
free aldehyde content determined by I3C-NMR 0 NMR spectros- 
copy-determination, aqueous glutaraldehyde equilibria, estima- 
tion of free aldehyde, relationship to pH 


To the Editor: 


Recently the insensitivity to concentration and pH 
of the free aldehyde content of aqueous glutaral- 
dehyde was reported (1). The percentage of free alde- 
hyde was calculated on the basis of the absence (2) of 
dialdehyde and found to be around 47% from integral 
ratios of 'H-NMR peaks. This amount is twice as 
large as estimates based on 13C-NMR spectra. More- 
over, the 13C-NMR results of Whipple and Ruta (3) 
and our own results indicate clearly two types of free 
aldehyde carbonyl groups, which must be due to the 
free dialdehyde and the hemihydrate, respectively. 
Our study covered a pH range of 1-8 and concentra- 
tions of 25-3% and confirmed previous studies that 
the equilibria among the dialdehyde, the hemihy- 
drate, the dihydrate, and the cyclic hemiacetal are 
not greatly affected by pH or concentration. 


Although 13C-NMR spectra are more easily inter- 
preted than 'H-NMR spectra (because of larger 
shifts and absence of spin-spin coupling), the use of 
peak intensities in spectra obtained by the pulsed 
Fourier transform technique can be misleading. Pos- 
sible problems arising from the processing of the 
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n pH 1.1 


Figure 1-13C-NMR line shape dependence on pH of aqueous 
glutaraldehyde (carbonyl region). 


transient signal, such as sensitivity enhancement and 
digitization, can usually be avoided by peak area in- 
tegration. However, equal numbers of carbon atoms 
in different sites can give dissimilar peak intensities 
due to a differing spin-lattice relaxation time, TI, 
and nuclear overhauser enhancement due to  proton 
decoupling (4). Whipple and Ruta (3) used a pulse 
delay and compared methylene carbon peaks to miti- 
gate this problem. We used a smaller (2 psec, 13”) 
pulse width with no delay and peak intensities of the 
carbons attached to oxygen at  209.2 and 208.4 (free 
aldehyde) and 91.0-95.2 (hydrated and cyclic forms) 
PPm. 


Our results, a t  38” in aqueous solution (with 10% 
D20 for the heteronuclear lock1), are consistent with 
those of Whipple and Ruta when differences in tem- 
perature are taken into account. Since the relevant 
carbonyl peaks were of almost equal area, we found 
twice as much monohydrate as dialdehyde. The total 
free aldehyde content was equivalent to 28 free alde- 
hyde groups/100 molecules of glutaraldehyde, com- 


Varian CFT 20 instrument 


pared to 24% found by Whipple and Ruta (3) at the 
lower temperature of 23”. This finding is in agree- 
ment with their predictions of the effects of tempera- 
ture on the equilibria involved. 


In the absence of the raw data of King et al. ( l ) ,  we 
recalculated the proton NMR data of Hardy et al. 
(2), using our dialdehyde-monohydrate ratio of 1:2. 
We found that their intensity ratios can be adequate- 
ly explained on this basis to give, on an average, 4% 
dialdehyde, 8% monohydrate, 54% dihydrate2, and 
34% hemiacetal. These results give about 16% free al- 
dehyde group instead of the 43% calculated by Hardy 
et al. (2), which is in better agreement with the now 
available 13C-NMR data. The 47% free aldehyde 
found by King et al. (1) would similarly decrease. 


Finally, we wish to report preliminary evidence of 
pH-dependent linewidths in the 13C-NMR spectrum 
of glutaraldehyde (Fig. 1). Sharp resonances are ob- 
served around pH 3-5, while line broadening is evi- 
dent above and below this range. We attribute this 
line broadening to an increase in the rate of intercon- 
version of one form into another. Previously, Wolman 
(5) suggested that the effectiveness of neutral buff- 
ered formalin in histological and histochemical work 
was due to the rapid conversion at neutral and alka- 
line pH of the polymerized form of HCHO to the mo- 
nomer. Although this theory met with some skepti- 
cism (6), we feel that similar kinetic factors might 
best explain the pH-dependent activity of glutaral- 
dehyde in the light of our 13C-NMR findings. 


Therefore, in view of the insignificance of pH and 
concentration dependence on the equilibria them- 
selves, we suggest that the rates a t  which the equilib- 
ria are established (or maintained as the active com- 
ponents are depleted in situ) are important in con- 
siderations of antibacterial activity. This alternative 
interpretation of the pH dependence of antibacterial 
activity of commercial glutaraldehyde solutions is 
being investigated further. 
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For comparison only with original data. Whipple and Ruta (3) indicated 
that peaks in this area have been misassigned to the dihydrate and should 
belong to cis- and trans-forms of the hemiacetal. This reassignment would 
not affect the analysis for free aldehyde. 
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Drug-Biomolecule Interactions: 
Interaction of Gentamicin with 
Lipid Monomolecular Films 


DAVID E. AUSLANDER x, ALVIN FELMEISTER t, and BARTLEY J. SCIARRONE 


Abstract The interaction of gentamicin with monomolecular 
films of a series of biologically important lipids spread on an aque- 
ous buffered subphase was studied. The surface pressure, ?r, of 
these films was determined by the Wilhelmy plate method as a 
function of surface area, A, and n-A curves were constructed. 
Changes in the a-A characteristics in the presence of gentamicin 
were used as a measure of antibiotic-film interaction. No interac- 
tion was observed between gentamicin and films of cholesterol, egg 
lecithin, dipalmitoyl lecithin, phosphatidyl ethanolamine, stearyl 
alcohol, and bovine ceramides at  all pH values studied. Stearic 
acid films showed no interaction with gentamicin at  pH 5. A t  pH 7 
and 8, a small increase in pressure (-3 dyneshm) was noted. A 
dramatic increase in surface pressure was observed in the presence 
of stearyl aldehyde films ranging from approximately 9 dynes/cm 
at pH 7.2 to 23 dyneshm at  pH 8.4. This effect was attributed to a 
Schiff-base reaction between the nonprotonated primary amino 
groups on the gentamicin molecule and the stearyl aldehyde. Fur- 


ther evidence was provided by the fact that the addition of glucose 
(which has been reported to participate in Schiff-base formation 
with amines) to the subphase inhibited the stearyl aldehyde-gen- 
tamicin interaction. Sucrose did not show a corresponding effect. 
The addition of sodium bisulfite, which reacts with aldehydes to 
form a-hydroxysulfonic acid, also inhibited the gentamicin-stearyl 
aldehyde interaction. It is postulated that Schiff-base formation is 
a step in the in oioo transport of gentamicin across the membrane 
of sensitive organisms. 


Keyphrases 0 Gentamicin-interaction with lipid monomolecular 
films, surface pressure, a-A curves 0 Monomolecular films-inter- 
action of biologically important lipids with gentamicin, surface 
pressure, a-A curves Films, monomolecular-interaction of gen- 
tamicin with lipids 0 Drug-biomolecule interactions-gentamicin 
with monomolecular films 0 Interactions-drugs with biomole- 
cules, symposium 


Gentamicin is a water-solbble aminoglycoside anti- 
biotic derived from the micromonospora family and 
is active against both Gram-negative and Gram-posi- 
tive bacteria. The gross structures of the gentamicin 
components (I) were recently reported (1). The bio- 
logical activities of the three gentamicin components 
are essentially identical (2). 


Gentamicin, in common with the other members of 
the kanamycin family, exhibits some interesting bio- 
physical properties. It does not transport to any sig- 
nificant degree across the membranes of the GI tract, 
as evidenced by the fact that less than 2% absorption 
has been observed following oral administration’. In 
contrast, gentamicin does cross some specialized 
membranes; e.g., it penetrates the aqueous humor of 
the eye (3), passes the placental barrier and into the 
amniotic fluid (4), and transports across the otic 
membrane (5). Furthermore, since the site of gen- 
tamicin antibacterial action is a t  the ribosomal level 
(6), it clearly must penetrate the bacterial membrane. 


The mechanism by which gentamicin transports 
across bacterial and other membranes, however, has 
not been firmly established. Its solubility characteris- 
tics and its negligible oil-water partition coefficient 
(7) preclude dissolution or partitioning into lipoidal 
membranes. Its relatively large molecular size pre- 
cludes transport through water-filled pores or chan- 
nels, as has been postulated for some simple cations 
and anions. Therefore, it appears that its transport 
must involve, at least as a first step, some specific in- 
teraction with a cell membrane component. 


Studies with other aminoglycoside antibiotics in 


D. Cooper, Schering Corp., Bloomfield, N.J., personal communication, 
1970. 


which an interaction with bacterial cell membranes 
has been demonstrated (8) support this postulation. 
However, the specific sites on the membrane in- 
volved in the antibiotic-cell membrane interaction 
have not been identified, nor has the role of specific 
membrane lipids in this process been established. 


This investigation examined the potential partici- 
pation of membrane lipids in the transport of gen- 
tamicin across cell membranes. Monomolecular films 
were selected as the membrane model, because they 
provide a relatively simple, well-defined, oriented 
structure with some similarity to biomembranes. In 
addition, they allow for modification of composition 
of both the “membrane” (ie.,  the film) and the sub- 
phase on which the film is spread. Furthermore, nu- 
merous studies have demonstrated that there is a 
correlation between the interaction of many drugs 
with monomolecular films and their biological activi- 
ty (9). 
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b Figure 1-Surface pres- 
sure-surface area curves of 
stearic acid a t  pH 7.0, alone 
(0) and in the presence of 1 
x 10-8 M gentamicin (0).  


20 
AREA PER MOLECULE, 


EXPERIMENTAL 


Gentamicin base2 was obtained as a mixture of active compo- 
nents C1, CIA, and Cz. Stearyl aldehyde3 (purity >99%) was ob- 
tained as a solution in carbon disulfide. The stearic acid4, stearyl 
alcohol4, cholesterol3, L-a-dipalmitoyl lecithin4, and egg lecithin5 
were obtained chromatographically pure. Cerebrosides6, ceram- 
ides6, and phosphatidyl e than~ lamine~ ,  extracted from bovine 
brain, and sucrose dipalmitate7 were used as obtained. Dextrose 
USP and sucrose USP were crystallized from boiling water. All in- 
organic chemicals used were reagent grade, and all organic solvents 
were of spectrophotometric grade. The water used was prepared by 
double distillation from an all-glass apparatus. 


The film balance used to study the surface pressure-surface area 
(*-A) characteristics of the films was described previously (10). 


The temperature of the subphase was maintained at 25 f 0.1' 
by circulating water from a constant-temperature bath through a 
water jacket around the trough. 


The lipids were placed on the surface of the subphase, using a 
micrometer syringes capable of delivering volumes as small as 
0.001 ml. The spreading solvent for the lipids was n-hexane, ex- 
cept that  benzene was the spreading solvent for sucrose dipalmi- 
tate, cerebrosides, and ceramides. T o  allow for complete evapora- 
tion of the spreading solvent, 6 min was allowed before manual 
compression was initiated. After each compression, 15 sec was al- 
lowed to elapse before the next surface pressure measurement was 
taken. 


Mixed monomolecular films of various mole fractions of egg leci- 
thin and stearyl aldehyde were prepared by adding the appropri- 
ate quantities of each component t o  the surface. The number of 
film molecules was kept constant. 


The interaction of gentamicin with the films was studied by the 
following procedures. Gentamicin (lo+ or M concentration) 


2 Schering Corp., Bloomfield, N.J. 
:,$plied Science Laboratories, State Colle e, Pa. 


ann Research Laboratories, New York, k.Y.  


8 P-L Biochemicals, Milwaukee, Wm. 
Sylvana Laboratories, Millburn, N.J. 


Pfaltz & Bauer, Flushing, N.Y. 
Agla. 


was dissolved in the subphase (0.01 M phosphate buffer at con- 
stant ionic strength and various p H  values), and the various films 
were spread over this subphase. Differences in the H-A character- 
istics of pure films and films in the presence of drug were deter- 
mined and used as a measure of drug-film interactions. 


RESULTS AND DISCUSSION 


Cholesterol and the phospholipids, egg lecithin, L-a-dipalmitoyl 
lecithin, and phosphatidyl ethanolamine, represent components 
that constitute a major fraction of the lipid constituents of cell 
membranes. None of these materials, when spread as monomolecu- 
lar films, showed any significant interaction with gentamicin (1 X 
loe4 or 1 X lov3 M concentration) over a pH range of 4-8.4. Bo- 
vine ceramides and stearyl alcohol also exhibited no interaction 
with the antibiotic under similar conditions. 


These data demonstrate that  gentamicin does not interact non- 
specifically with lipid films and support the contention that gen- 
tamicin does not transport into bacterial membranes uia a parti- 
tioning mechanism. 


Since gentamicin is a base, the interaction with an acidic film 
was explored next. Stearic acid was selected as the model system. 
At a gentamicin concentration of 1 X M, no interaction was 
observed with the stearic acid film over a pH range of 5-8. A t  1 X 


M, an increase of about 3 dyneshm at all areas per molecule 
was observed a t  pH 7 (Fig. 1) and similarly a t  pH 8. No interaction 
was observed a t  lower pH values. Thus, it appears that, as the ion- 
ization of gentamicin is partially depressed within the physiologi- 
cal pH range, some film-antibiotic interaction does occur. 


The natural cerebrosides, which are mixtures of galactolipids, 
also exhibited an interaction with 1 x 10-3 M gentamicin (Fig. 2) 
of about the same magnitude as was observed with the stearic acid 
film. Since the cerebrosides differ from the previously studied 
ceramides (which showed no interaction) only by the addition of a 
galactose sugar moiety, it appears that  the observed interaction is 
specific and is dependent on the presence of this sugar residue. 


However, when sucrose dipalmitate was spread, no interaction 
with gentamicin was observed. This finding indicates that the free 
aldehydic functiop of 'the galactose residue is essential for the in- 
teraction. 


To investigate this 'possibility further, the interaction of gen- 
tamicin with stearyl aldehyde films was studied. The H-A curves 
of stearyl aldehyde films spread on a subphase in the absence of 
gentamicin were identical throughout the pH range of 6-8.4. In the 
presence of 1 X M gentamicin, a dramatic interaction was ob- 
served, and the extent of this interaction increased regularly with 
increasing pH (Fig. 3). A similar, but reduced, interaction was ob- 
served a t  1 X 10-4 M. 


Thus, it is evident that  the reaction not only is dependent on the 
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Figure 2-Surface pressure-percent trough area curves of 
cerebrosides at pH 7.0, alone (0) a n d  in the presence of 1 X 
10-8 Mgentumicin (0 ) .  
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Figure 1-Surface pressure-surface area curves of stearyl 
aldehyde, alone at p H  values of 6.0-8.4 (0) and in the presence 
of I X M gentnmicin a t  p H  values of 7.2 (O), 7.6 (M), 
8.0 (+), and 8.4 (A). 


presence of an aldehydic function in the film but also on the de- 
gree of protonation of the primary amino groups on the genta- 
micin and that the observed film-antibiotic interaction, is the re- 
sult of a Schiff-base interaction between these two functional 
groups. 


M) into the subphase partially 
inhibited the film-antibiotic interaction while the addition of su- 
crose did not. This effect apparently was the result of a competi- 
tion between the stearyl aldehyde and the aldehydic function of 
the glucose for the dissolved gentamicin. Sucrose, which does not 
have an available aldehydic function, cannot participate in this 
competition. 


Sodium bisulfite, when added to the subphase, also inhibited 
the gentamicin-film interaction, apparently because of its ability 
to interact with the stearyl aldehyde uia the formation of an n- 
hydroxysulfonic acid. 


While free fatty aldehydes have been identified as natural com- 
ponents of various tissues (11-14), it is likely that they constitute 
only a small fraction of the lipid portion of cell membranes. There- 
fore, the effect of the addition of an “inert” lipid to the monomole- 
cular film on the gentamicin-aldehyde interaction was deter- 
mined. Egg lecithin was selected since it had shown no interaction 
with gentamicin and was representative of the phospholipid frac- 
tion of biomembranes. Mixed films of stearyl aldehyde and egg lec- 
ithin (mole fraction ratios of 3 1 ,  1:1, and 1:3) were spread, and the 
interaction with gentamicin was determined. 


It can be seen in Fig. 4 that  a t  a mole fraction ratio of 3:1 the in- 
teraction of gentamicin appears to be reduced over that observed 
with the stearyl aldehyde alone, as evidenced by the relatively 
small expansion of the H-A curve a t  low pressures. At high pres- 
sures, a condensation effect can be seen, suggesting that material is 
being lost from the interface. A t  a 1:l mole fraction ratio, some ex- 
pansion is also observed a t  low pressure, although less than that 
observed for the 3:l system. At high pressures, however, the con- 
densation effect is more pronounced. 


At a 1:3 mole fraction ratio (Fig. 5), the condensation effect is 
still more pronounced and occurs at all surface pressures. Further- 
more, it is most evident at  the higher pH value (pH 8.0), a condi- 


The addition of glucose (1 X 


tion under which the gentamicin-stearyl aldehyde interaction ap- 
proaches a maximum. 


Thus, it appears that  egg lecithin does not inhibit the gentami- 
cin-aldehyde interaction but rather influences the ability of the 
resultant Schiff base to remain at the interface. This effect may be 
the result of the difference in the comparative strength of the in- 
teraction between neighboring stearyl aldehyde molecules and be- 
tween neighboring stearyl aldehyde and egg lecithin molecules. 
Thus, if the latter interaction is weaker than the stearyl aldehyde- 
stearyl aldehyde interaction, the increase in hydrophilicity of the 
aldehyde as the result of its reaction with gentamicin may lead to 
the loss of the product (Schiff base) from an area-determining po- 
sition a t  the interface. 


CONCLUSIONS 


The data demonstrate that  gentamicin does not interact nonspe- 
cifically with cholesterol and phospholipid films and that it does 
interact with aldehydic films U ~ Q  Schiff-base formation. In a mem- 
brane composed essentially of cholesterol and phospholipids and 
interspersed with small amounts of fatty aldehydes, these latter 
compounds would serve as a site at which a gentamicin-membrane 
interaction might occur. Under such conditions, the increased hy- 
drophilicity of the product (Schiff base) and the relatively weak 
interaction between the aldehyde and other membrane lipids 
would lead to desorption of the Schiff base from the membrane. 
This would result in the formation of pores through which intra- 
cellular material could leak out and unreacted gentamicin could 
enter and interact with the ribosomes within the cell. 


While it is recognized that a physical model in itself cannot une- 
quivocally elucidate the mechanism of action in a biological sys- 
tem, supporting data for this Schiff-base mechanism can be found 
in the literature. For example, alkalinization of urine promotes the 
activity of gentamicin (15), while n-alkylation of aminoglycoside 
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antibiotics dramatically reduces their activity (16). Both of these 
observations correspond with the fact that only an undissociated 
primary amino group can participate in a Schiff-base reaction and 
with the postulation that such a reaction is necessary for gentami- 
cin activity. 


In addition, recent work in these laboratories (17) demonstrated 
that the addition of a small amount of sodium bisulfite to the 
growth media of Escherichia coli reduces the sensitivity of these 
organisms to gentamicin. It was postulated that this effect was the 
result of an interaction between the bisulfite and membrane al- 


dehydes, which made these aldehydes less available to  attack by 
gentamicin. 
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Pressure Changes in Bottles during 
Sterilization by Autoclaving 


M. C. ALLWOODX, R. HAMBLETON, and S. BEVERLEY * 


Abstract 0 A method is described to measure changes in pressure 
inside a bottle during autoclaving without disturbing the integrity 
of the seal. Experiments showed that, in a perfectly sealed bottle, 
the pressure rose to a maximum of 58.2 psi absolute. If the rubber 
liner was unable to maintain the seal, air leaked slowly from the 
bottle both during the heating-up and the early sterilization peri- 
od. 


Keyphrases 0 Sterilization, autoclaving-pressure changes in 
bottles, method for measurement Bottles, sealed-pressure 
changes during sterilization by autoclaving, method for measure- 
ment 0 Seals, bottles-effects of sterilization by autoclaving, pres- 
sure changes in bottles measured 


The use of screw-capped bottles as containers for 
parenteral fluids and noninjectable water has recent- 
ly been criticized (1). The protection against microbi- 
al contamination offered by such systems to sterile 
fluids has been shown to be inadequate (2). One seri- 
ous fault with many rubber seals is their inability to  
prevent air from escaping from inside the bottles 
during autoclaving (3, 4). The presence of air above 
the liquid contents of the bottle ensures that the 
pressure within that bottle will be greater than the 
pressure in the autoclave during sterilization. 


The objective of this study was to measure changes 
in pressure inside a typical screw-capped bottle dur- 
ing sterilization when the container remained her- 
metically sealed and also when an imperfect bottle 
seal allowed air to escape. The standard 1-liter non- 
injectable water bottle1 was used as the test system. 
A bottle was modified so that pressure changes inside 
such a container could be measured during autoclav- 
ing. The highest pressure readings obtained were 
compared with calculated maximum values. 


THEORETICAL 


The theoretical maximum bottle pressure during autoclaving at  
121O is calculated as follows. The pressure within a bottle is the 
sum of the partial pressures of air and steam. The pressure of 
steam at  elevated temperatures is known, and the component due 
to expansion of the air in the bottle may be calculated according to 
the ideal gas equation where (PVIT) = a constant. Then V (the 
head-space volume of the bottle) is reduced a t  elevated tempera- 
tures by the expansion of water in the bottle. By comparing the 
density of water a t  20' (0.9983 g/cm3) and 121O (0.9421 g/cm3) (5), 
the increase in volume over this range is: 


Therefore, the expansion of 1 liter of water will reduce the head- 
space volume in a bottle a t  1 2 1 O  by 59.7 ml. Conversely, the expan- 
sion of the glass will result in a potential increase in volume, esti- 
mated to be about 1.0 ml, for the 1-liter soda-lime glass bottle' 
(linear coefficient of expansion of glass = 9.8 X 


Other factors to be considered include the air content of the 
water placed in the bottle. If water a t  20° is air saturated at a pres- 
sure of 1 atm, it contains 18.7 ml airhiter (water for injection rap- 
idly becomes resaturated after distillation). A t  121°, virtually all of 
this air would be expelled, adding to the pressure produced in the 
head space. Also, a small volume of the air in the bottle head space 
will be displaced by water vapor, equal to 4.4 ml at 20° (saturation 
vapor pressure of water at 20° is 175 mm Hg). Therefore, under 
these conditions, in a perfectly sealed noninjectable water bottle', 
the internal pressure (IP) at  1 2 1 O  will be (assuming standard at- 
mospheric pressure conditions): 


14.7((2X).O 4- 18.7) - 4.41394 3.4- 14.7 -I- 15.0 = 
= [ 293(221.0 - 59.7) 


58.4 psi (absolute) (Eq. 2) 


EXPERIMENTAL 


A hole, 1 cm in diameter, was drilled into the base of a 1-liter 
noninjectable water bottle. Into this was fixed a rubber tire valve 
casing, which was connected via a length of stainless steel rein- 
forced polytetrafluoroethylene flexible tubing to an instrumenta- 
tion port in the roof of the autoclave chamber. A pressure trans- 
ducer2 was sealed into the same instrument port on the outside of 
the autoclave chamber. Within the bottle, a length of glass tubing 
extended from the tire valve to the air space (Fig. 1). 


-- 
A ll 


B 


Figure 1-Apparatus for measuring pressure changes inside 
the noninjectable water bottle during autoclaving. Key:  A ,  
roof of autoclave chamber; B, noninjectable water bottle; C ,  
pressure measurement pipe; and D,  pressure transducer. 


' Supplied by the U.K. Department of Health and Social Security. 2 Type ITQS, Kulite Semiconductor Ltd., Basingstoke, United Kingdom. 
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Figure 2-Temperature and head-space pressure changes i n  
noninjectable water bottles containing 1 liter of distilled water, 
sealed with flat rubber liners and autoclaved, a t  121 '. Key: 
A, changes in temperature; B, changes in  pressure, perfectly 
sealed bottle; and C, changes in pressure, leaking bottle seal. 


Pressure changes were recorded on a potentiometric recorder; 
temperature measurements, also recorded, were made with a cop- 
per-constantan thermocouple in a second bottle placed alongside 
that adapted for pressure measurements in the autoclave chamber. 
The bottles were filled with 1 liter of distilled water a t  20'. They 
were then autoclaved and spray cooled3. 


RESULTS AND DISCUSSION 


Figure 2 shows temperature and pressure changes in a noninjec- 
table water bottle, sealed with flat rubber liner and aluminum 
screw cap, autoclaved at  121'. Curve A shows the temperature pro- 
file during autoclaving within the bottle head space. Curve B 
shows the concomitant pressure changes in a well-sealed bottle. Al- 
lowing for the additional volume of air within the pressure mea- 
surement tubing and the volume of glass tubing in the bottle, the 
maximum theoretical pressure in the experimental system de- 
scribed in Fig. 1 would be 57.2 psi (absolute). 


The pressure inside the bottle rose to a level close to the maxi- 
mum theoretical value, attaining a pressure of 57.0 psi (absolute) 
at equilibrium (adjustments were made for day-to-day variations 


3 Getinge model SAR 450, Getinge A.G., Uppsala, Sweden. 


in atmospheric pressure). On cooling the bottle to 20' after auto- 
claving, the pressure was found to return to atmospheric pressure, 
indicating that no air had been leaked from the bottle head space 
during the sterilization procedure. 


These findings suggest that the apparatus described is suitable 
for detecting pressure changes within glass containers during auto- 
claving. I t  is essential that the tubing employed to connect the bot- 
tle to the pressure detection device is temperature and pressure re- 
sistant. I t  is also important to ensure that the pressure transducer 
is resistant to steam and responds linearly over the range of tem- 
perature up to 121'. 


Clearly, the closure of a bottle is placed under considerable 
strain during autoclaving. Where the seal was not maintained, the 
pressure increased until a point was reached beyond which it grad- 
ually fell again due to leakage of air from the bottle (curve C). On 
cooling to 20°, such bottles were always observed to contain a vac- 
uum. Results, therefore, show that air may escape from the bottle 
during the heating-up phase of the sterilization cycle. 


The air space increases rapidly in temperature, resulting in an 
initial rapid increase in pressure, followed by expansion and evap- 
oration of water. If the seal is imperfect, then at  some stage during 
the heating process, the rubber liner is lifted sufficiently from its 
seating on the rim of the bottle to allow air to escape. This leakage 
then continues slowly as the temperature of the bottle and its con- 
tents rise. This is probably aided by the expansion of the alumi- 
num cap. As soon as the spray cooling commences, steam in the 
head space condenses and the rubber liner is sucked back onto the 
rim of the bottle to reform the seal. When cool, the bottle will con- 
sequently contain a vacuum. Results reported elsewhere (3) have 
shown that, in the majority of cases of the seal leaking, up to 90% 
of the air originally present is lost from the bottle head space. 
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when d is zero or negative. Unless the value of j ,  equals X I  (O)((d + jil)2/(ab) }, the two roots of Eq. 30 will be distinct. 


DEFINITION O F  SYMBOLS 
p c  = decay constants of exponentials 
r n  = roots of cubic equation kEq. 19) 
V, = volume of distribution of the compartments 
c _ ‘  - integration constants proportional to dose 
tl* = time at  which minimum occurs inXl( t )  


tz* = time a t  which maximum occurs inXz(t) 
t3* = time a t  which maximum occurs in Xs(t); X3(t3*) = Xl(t3*) 


t(0) = time a t  which extremum occurs in F ( t )  
Xo = concentration in -Compartment u 
i, = intercepts of three resolved plots whose sum depicts In X (t) 


1 3 ~ 2  = permeability of drug across the barrier between Compart- 


tl** = time a t  which maximum may occur inXl( t )  


ments 1 and 2 
u12 = (dlZ/Vl) + (I312/V2) 
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Hydrodynamic Analog Model for Pharmacokinetics 11: 
Critical Examination of Model and Its 
Contribution to Pharmacokinetics 


V. S. VAIDHYANATHAN 


Abstract 0 A comparison of the conventional pharmacokinetic 
models and the previously proposed hydrodynamic diffusion ana- 
log model is presented. A significant result that an n- compartment 
system can exhibit a t  best (n - 1) extremum times in the concen- 
tration-time plot of the central compartment under appropriate 
values of physiological parameters is presented. The observation of 
kinks experimentally in certain physiological-drug systems is thus 
shown to be amenable to explanation. 


Keyphrases Models, hydrodynamic diffusion analog-proposed 
for pharmacokinetics, critical examination, equations 0 Diffusion 
model, hydrodynamic, analog-proposed for pharmacokinetics, 
critical examination, equations Pharmacokinetics-hydrody- 
namic diffusion analog model proposed and critically examined, 
equations 


The hydrodynamic analog of the multicompart- 
ment model presented previously (1) leads to certain 
significant conclusions, which agree with the results 
of the familiar pharmacokinetic models and provide 
new insights. This article presents a critical examina- 
tion of this contribution to pharmacokinetics and a 
possible observation of aperiodic oscillatory phenom- 
ena similar to the kink observed in the case of the di- 
cumarol system. 


ANALYSIS 


Mathematically, both the hydrodynamic analog and familiar 


multicompartment models essentially involve solutions of coupled 
first-order linear differential equations of the kind (2): 


X ( t )  = A X ( t )  (Eq. 1) 
where X is an n- component vector whose elements represent con- 
centrations a t  time t of the n-compartment diffusion model (1). 


In the familiar pharmacokinetic model, these vector elements 
represent the amount of substance present in each compartment. 
The super dot in Eq. 1 denotes the first time derivative. The time- 
independent elements of matrix A of Eq. 1 represent the permea- 
bilities 01‘ the drug in barriers between connected compartments in 
the hydrodynamic diffusion model. Thus, when there is no connec- 
tion between Compartments i and j ,  the corresponding matrix ele- 
ment A,J is zero. 


In the familiar pharmacokinetic model, the elements of the cor- 
responding matrix are linear combinations of assumed first-order 
rate constants. For example, the partial contribution (due to the 
existence of connectivity with Compartment 1 )  to the rate of de- 
crease in the amount of material in Compartment i is assumed to 
be given by: 


Y , = - h , , Y , + k , , Y ,  (Eq. 2) 
where YJ and Y,  are the amounts in Compartments J and i ,  respec- 
tively, a t  time t; and the k,J’s are the assumed first-order rate con- 
stants. 


Thus, volumes of distribution of various compartments are not 
introduced in the formulation of the familiar pharmacokinetic 
model and these need to  be extracted from experimental data on 
the basis of ad  hoc assumptions. The decay constants of conven- 
tional pharmacokinetics are considered not as functions of vol- 
umes of distribution. Since volumes of distribution of various com- 
partments in an n- compartment model definitely play a role in the 
material distribution in various compartments at arbitrary finite 
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time, t, such volumes of distribution lie buried in the expression of 
familiar pharmacokinetics, which is a solution of Eq. 1, namely 
that the amount of material of Compartment j is given by: 


(I%. 3) 


In the diffusion model ( l ) ,  one defines the partial contribution 
to the rate of decrease in concentration of Compartment i, due to 
connectivity with Compartment j ,  by the relation (see Eqs. 9 and 
10 of Ref. 1): 


(Eq. 4) 


In this manner, the influence of volumes of distribution of vari- 
ous compartments on the time course of concentrations in various 
connected compartments are explicitly introduced in the formula- 
tion of the differential equations in the hydrodynamic (diffusion) 
analog (1). This approach has the advantage of precisely incorpo- 
rating the influence of the volumes of distribution, the permeabili- 
ty properties of barriers between connected compartments to drug, 
and the elimination rate constants with the decay constants exper- 
imentally measurable and the coefficients of the solution of Eq. 
1-uit. (see Eqs. 17, 22, and 26 of Ref. 1): 


Y , ( t )  = C A , ,  exp (A$) 
t - 1  


V,X,(t)  = a,,rx, - X,I 


~ , ( t )  = I S , ,  exp ( p o t )  (h. 5) 


Thus, there are no uncertainties about the role played by char- 
acteristic parameters of the physiological system in the determina- 
tion of the time course of concentrations of drug in any compart- 
ment. This aspect may be considered the salient feature of the dif- 
fusion analog. In addition, the exact relationships existing between 
coefficients Sj, and Si, can be expressed in terms of eigenvalues. 


Returning now to another aspect of the pharmacokinetic prob- 
lem, one recognizes that concentrations in compartments other 
than the central one (Compartments 2 and 3 of the three-compart- 
ment model of Ref. 1) are zero at  initial time and at  t = a. Since 
concentrations are positive definite quantities for intermediate fi- 
nite times, there must exist a finite time t,* when X u  = 0. Thus, 
the concentration-time plot of the (n - 1) compartments of n- 
compartment systems should all exhibit maxima. If the n th, cen- 
tral compartment also exhibits extremum times a t  which X l ( t )  
vanishes, then the observation of kinks and shoulders becomes 
amenable to explanation within the context of the diffusion model 
of pharmacokinetics. 


c- I 


DESCRIPTIVE ANALYSIS OF BEHAVIOR OF XI ( t )  


The time dependence of concentrations in the three compart- 
ments as depicted by the theory (1) are schematically presented in 
Fig. 1. Curves I1 and 111 represent the time dependence of concen- 
trations of Compartments 2 and 3, respectively, exhibiting extrema 
at times t 2* and t3* .  These are the shapes of concentration-time 
curves that will be observed for a three-compartment system with 
no chemical reactions. 


Figure 1 also shows three alternative curves, Ia, Ib, and Ic, 
which are mutually exclusive for the time dependence of concen- 
tration of drug in Compartment 1. Plot Ia is the familiar monoton- 
ic curve experimentally observed for X, ( t )  in many systems. This 
can be resolved into three distinct exponential functions by the 
well-known procedure of resolution of the plot of In X , ( t )  into 
three linear plots with positive intercepts i l ,  ip, and is on the con- 
centration axis. The procedures of obtaining the permeability coef- 
ficients, volumes of distribution, and elimination rate constants 
from such experimental data were presented previously (1). 


Plots Ib and Ic of Fig. 1 are schematic examples of X l ( t ) ,  which 
exhibit one extremum and two extremum times, respectively. Plot 
Ic is similar to the case of dicumarol behavior upon intravenous 
administration, exhibiting the “kink.” Plot Ib may be considered 
as a special case of plot Ic, where the two extremum points t l *  
and t I** as well as the inflection time coincide such that the time 
derivative of X l f t ) ,  while remaining negative most of the time, 
momentarily approaches zero. Such a behavior occurs when the 
rate of gain of material from Compartment 3 by Compartment 1 
equals the rate of loss to Compartment 2 from Compartment 1. 


For the three-compartment system, the time t 2 *  at  which con- 
centration in Compartment 2 attains maximum value is given by: 


p = (c2/c,) = (pl - p J F ) / ( p J F  - p , G )  


F = exp ( p 3  - pc,)t2* 


G = exp (p2 - P&* 


(Eq. & )  


(Eq.  66) 


fEq. 6c )  


Similarly, the time t 3 *  at which concentration in Compartment 3 
reaches a maximum value is given by: 


P 01iRi - P , R ~ H ) / ( P , R ~  - P ~ R J )  (Eq. ’ in )  


H = exp (P3 - P&A* 


exp ( p Z  - PIN,* 


(Eq. ‘ib) 


(F4 7c)  


R. (0 = 1,2,3) - El + mlr, + (Vl/6,,)M,t] (Eq. 7 d )  
Thus, the characteristic times tz* and t3* are independent of dose 
and are related to each other and constant parameters of the sys- 
tem by: 


P ~ c L ~ ( R ~ H  - RlF)  + pl/.l2(RiG - R J )  + 
PZPARJF - R&H) = 0 (Eq. 8) 


CONDITIONS FOR OBSERVATION OF KINK 


Assume that a system obeying the three-compartment hydrody- 
namic model exhibits a kink similar to Ic of Fig. 1 in the concen- 
tration-time plot of the central compartment concentration. Thus, 
both t I* and t I** exist for this system and are observable. When 
two such extremum times exist, evidently an inflection point t + 
should also exist. When these three real times exist, one has from 
Eqs. 20a -20e of Ref. 1: 


p l s l  + p~c&Q’~* = (1 P ) P ~ S , Y ~ *  (Eq. 9a) 


p1S1 + PP,S,Y,** = (1 + p)p.ls,Y,,** (Eq. Yc) 


where: 
S, = 1 + rum (Eq. 100) 


(Eq. 10b) 


(ES. 10c) 


Y,* = exp ( p 2  - p , ) t l *  


Y,* = exp(Cc, - pl)t,* 


2, = exp (p2  - wl)t l+  (Eq. 1Od) 


Z, = exp ( p 3  - p l ) t , +  (Eq. 10e) 


Y:* = exp ( p 2  - pl)t ,** (Eq. 10f)  


Y3** = exp ( p 3  - pl)tl** (Eq. log) 


Similar to the existence of the critical point in van der Waals’ 
isotherm, when the three times tl*, tit, and tl** equal each other, 
one has the expression: 


exp 1(p2 - k3)tl*l = [(I + P ) S J c ( : h  - I ~ J ] / [ P S ? P A P I  - PC(L)] 


The conclusion that one arrives a t  from Eqs. 9 and 11 is that these 
critical times are independent of dose. This conclusion is substan- 
tiated by the case of dicumarol where the time at which kink oc- 
curs is essentially independent of the dose of drug. 


Since the left-hand side of Eq. 11 is positive definite, in order 
that t I*  exists and is real and observable, the necessary condition 
is: 


(1 + p ) S , / ( p S z )  = - C,(1 + r,)m)/[C,(I + r p ) ]  > o 


(Eq. 1 1 )  


(Eq. 12) 


When t I*, t 17,  and tl** exist and are distinct, one has: 


- iJ/i.! = ( p l y , *  - P J ~ ) / ( P , Y ; *  - P J J  (Eq. i:io) 


= (Y,* - Y,**)/(Y,* - Y,,**) (Eq. 186) 


For the sake of brevity, the following discussion to explain the 
possibility of experimentally observing curves of types Ib and Ic of 
Fig. 1 is limited to systems in which a13 is greater than k2o. It can 
be shown (see Appendix) that CI and CS are negative definite for 
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Figure 1-Curves II and III represent time dependence of con- 
centrations in Compartments 2 and 3, respectively, of the three- 
compartment hydrodynamic model. The time dependence of 
concentrations of Compartment 1 i s  represented schematically 
by plot l a  when there is no extremum time, by plot I b  when there 
is one extremum time at tl*, and by plot Ic  when there are two 
extremum times. 


this system. Recall from Eqs. 17a and 20e of Ref. 1 that  one has: 
all + ali + h.0 = - ( P I  + p L  + pi )  > 0 (Eq. 14) 


The parameters a 1 2 ,  a13,  pa)^, k20,  and re's have dimensions of re- 
ciprocal seconds. Thus, all of these parameters can be expressed as 
proportional to k 2 0 ,  the proportionality constants being simple 
numbers. 


When specifically considering the case of rl and r2 being nega- 
tive and r3 positive, both S1 and Sz are negative provided that the 
magnitudes of rlm and rzm are greater than unity; S3 is positive 
definite. The requirement that both S1 and S Z  are negative is as- 
sured when ( 6 1 z / V z )  < an < k 2 o .  


Under these conditions, both CIS1 and C3S3 are positive, 
while CzSz is negative. With these preliminaries, one is now in a 
position to discuss the existence or nonexistence o f t  12, the time a t  
which time derivative of X , ( t )  vanishes. 


A function F(t), defined by: 


F ( t )  = C,Sl(Ccl/pj)exp [ ( P ,  - ~ h t l  + 
C L S L ( p 2 / p  J exp [ ( p i  - p l)t] (Eq. 15a) 


has the behavior of either plot A or B of Fig. 2. Note that F ( 0 )  = 
I( 1 (O) /p3  is positive. It can be shown that F(t) can be either mono- 
tonic with time or a t  best can have one and only one extremum 
point. When no extremum point exists, the behavior of F f t )  is 
schematically represented by plot A of Fig. 2 .  


When an extremum point exists in F(t) ,  the behavior of F(t) is 
represented by plot B of Fig. 2. The extremum point of Ff t ) ,  to, is 
given by: 


F(t ,*)  - -c,s, oh 1%) 


to = ( p 2  - Pl)-'lnl[- ~ , ~ , P , ( C ( ~  - P ~ ) I / [ c ~ ~ ~ I I ~ ( ~ ~ ~  - rd11 
(Eq. 16) 


In order that t 0 exists, the quantity within the brackets of Eq. 16 
should be positive and greater than unity. Figure 2 also shows 
plots C, D, and E, drawn parallel to the time axis and representing 
three possible magnitudes of C3S3; C3Ss is negative in curve C 
and positive in plots D and E. 


The condition that X , ( t )  is positive definite for all finite times 
requires that C3S3 is positive definite. The intersection point be- 
tween F(t)  and the line drawn parallel to the time axis with ,mag- 
nitude C3S3 evidently denotes the time t ]*, a t  which time X ~ ( t )  
= 0. Thus, when F(t)  for a system is monotonic with time, no ex- 
tremum point in X l ( t )  occurs. Also, when for a system F f t )  has an 
extremum and has the shape of curve B, if the magnitude of C3S3 
is large so that  no intersection occurs, then no extremum point oc- 
curs in X , ( t ) .  Thus, experimental exhibition of the kink in the 
plot of X l ( t )  of a drug in a physiological system, simulating a 


t -  


Figure 2-Time dependence of the function F(t) is shown 
schematically by curve A when there is no extremum and by 
curve B when there is an extremum. Curves C,  D,  and E re- 
present three possible values of ( - C3S3). 


three-compartment model, is critically dependent on the magni- 
tude of C3S3 (hence on i3) and on the existence of t  0 of F f t ) .  


Observation of kinks in the plot of X l f t ) ,  as in the case of dicu- 
marol, is not excluded by the hydrodynamic diffusion analog of 
compartment models in pharmacokinetics. Since extremely strin- 
gent conditions of the relations among physiological parameters 
need to be satisfied for the observation of such kinks, it is no won- 
der that  most systems exhibit only plot Ia of Fig. 1 .  


AN ILLUSTRATIVE CALCULATION 


One may compute that k 2 o m  = 2.50 for a system having the fol- 
lowing magnitudes for the various parameters: ( h 1 3 / V 1 )  = 0.1733 
kzo, ( & 2 / v i )  = 0.36 kzo,  a 1 2  = 0.76 kzo ,  and a13 = 1.24 k20. One 
may also compute by the methods described that, for this system, 
P I  = -1.6 kzo .  1 2  = - 1 . 2  k20, and p 3  = -0.2 kzo;  p = -1.1577 for 
this system. One may verify that for this system the plot of 
Xl(t)ldose resembles plot Ib of Fig. 1, with one extremum point 
occurring slightly above 2.3 ( k z o ) - ' .  


DISCUSSION 


The presented analysis can be extended to n- compartment sys- 
tems, with arbitrary choice of connectives. The main results of 
such deliberations are that the time dependence of concentrations 
of any compartment can be expressed in the form of Eq. 5 with n 
exponential terms. The decay constants are related to the volumes 
of distribution and permeabilities of barriers between compart- 
ments for the drug, by relations analogous to Eqs. 17 and 27 of Ref. 
1, except that  one has to find the roots of an nth order polynomial. 


However, with appropriate values for the physiological parame- 
ters of the system to the drug, corresponding functions F,(t) can 
have more than one extremum time. Thus, with appropriate value 
of C,S,, which should he positive definite, the plot of the concen- 
tration of the central compartment in which drug is introduced ini- 
tially can, in principle, exhibit (n ; 1) extremum times (3-5)  a t  
which X l ( t )  = 0. However, since X l f t )  is negative definite for 
very small times and for very large times, the number of physically 
realizable extremum points should be an even number. Therefore, 
observation of two such kinks for a specified drug in the plot of In 
X I(t) requires that the physiological system behave for this drug 
as a five-compartment system. 


If the drug participates in a chemical reaction in the barriers 
connecting compartments, then these have the effect of altering 
the corresponding matrix element of matrix A of Eq. 1 .  Thus, ac- 
tive transport of a drug across a specified barrier has the effect of 
changing the magnitude and sign of the corresponding matrix ele- 
ment. 
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If the drug participates in a chemical reaction in the compart- 
ment fluid phase of the physiological system, such effects may con- 
tribute to either alteration of corresponding element of vector X 
of Eq. 1 or, in principle, change an n-compartment model to be- 
have as an ( n  + 1)-compartment model. These considerations will 
be discussed in future publications; for the present, it is concluded 
that such a phenomenon is capable of possibly explaining certain 
tvpes of “aDeriodic biological oscillatorv” after effects observed - _  - 
with certain drugs in physiological systems. 


APPENDIX 


Defining the quantities c and [by: 


6 = + ca,,/v,, 
i- = c + k,,, 


one has: 
w = kLO - t 


Equations 22a-2% of Ref. 1 can now be expressed as: 


C , ( J , / ? )  = - ( P J  + P A  - i- 
C1(J , /q )  = ( P I  + CCJ) + r 
C J J J ? )  = +PI + P L )  - r 


J ,  = (PI - & ) ( P ,  - P J  


J ,  = (PI - Pi)(P, - PI) 


J ,  = (1, - VJKP1 - P J  


(Eq. A l a )  
(Eq. A lb )  


(Eq.  A2) 


(Eq. A3a) 


(Eq. A3b) 


(Eq. A3c)  


(Eq. A3d) 


(Q. A3e) 


0%. A3f)  


The J,’s, 7 ,  and { are positive definite. The decay constants are 
distinct and are negative definite. They may be ordered such that  


their magnitudes satisfy the inequalities oflplJ > lpd > I p d .  
I t  is evident that both C1 and C3 are negative when the magni- 


tude of < is greater than - ( P I  + pz)  [greater than -(p2 + p3) ] .  Be- 
cause of the constraint expressed by Eq. 216 of Ref. 1, CZ should 
be positive definite, which is assured by Eq. A3b. 


The condition imposed by Eq. 12 for the existence o f t  I *  is that 
the ratio (1 + r3m)/(1 + rzm) should be positive. This condition is 
evidently satisfied if the roots of cubic Eq. 19 of Ref. 1, r2 and r3, 
are both positive and have a magnitude less than k z 0 .  This condi- 
tion is also satisfied if both rz and r3 are negative, provided the 
magnitudes of rzm and r3m are greater than unity. I t  is also satis- 
fied if either r2 or r3 is negative, provided the product of negative 
root and m has a magnitude less than unity. 


When a13 is greater than kzo ,  from Eq. 17c of Ref. 1 it follows 
that R = -(rlrzrd is negative. This requires that, when r l  is neg- 
ative, r2 and r3 must have opposite signs. 
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Potential Anticancer Agents 11: Antitumor and 
Cytotoxic Lignans from Linum album (Linaceae) 


S. G. WEISS *. M. TIN-WA *. R. E. PERDUE, Jr.*, and 
N. R. FARNSWORTH*= 


Abstract A phytochemical study of Linum album (Linaceae), 
guided by bioassay with the 9KB cell culture, resulted in the isola- 
tion of podophyllotoxin and a new lignan, 3’-demethylpodophyllo- 
toxin; a- and P-peltatins were identified by comparative TLC. 


Keyphrases 0 Linum album (Linaceae)-isolation and identifi- 
cation of antitumor and cytotoxic lignans Lignans-isolation 
and identification from L. album, screened for anticancer and cy- 
totoxic properties 0 Anticancer agents, potential-isolation and 
identification of antitumor and cytotoxic lignans from L. album, 
screened for activity 


Linum album was found to be active against the 
P-388 leukemia and 9KB cell assay system in a ran- 
dom collection screening program for new anticancer 
agents. The chloroform extract of L. album yielded 
podophyllotoxin, a- and P-peltatins, and a new lig- 
nan, 3’-demethylpodophyllotoxin. Based upon spec- 
troscopic data, a structure was proposed for 3’-de- 
methylpodophyllotoxin, which was verified by prepa- 
ration of a derivative of known structure. The lignans 


podophyllotoxin, a- and P-peltatins, and 3’-demeth- 
ylpodophyllotoxin were shown to be a t  least partially 
responsible for the antitumor and cytotoxic activity 
of L. album extracts. 


EXPERIMENTAL’ 


Biological Activity-An ethanolic extract of L. album was 
evaluated for cytotoxicity; it was found active against Eagle’s 9KB 
carcinoma of the nasopharynx in cell culture (ED50 = 2.3, 2.5, and 
1.4 pg/m1)2 and showed in uiuo activity against the P-388 lympho- 
cytic leukemia in mice (T/C 136, 126, and 108 a t  133, 88, and 88 
mg/kg, re~pectively)~. Test  methods employed were those of the 
Drug Research and Development Branch of the National Cancer 
Institute (1). 


I The plant material used in this investigation consisted of the whole 
plant of L. album Kotschy ex Boiss. (Linaceae), collected in Iran during July 
1970 and provided by Dr. T. Fakouhi. Department of Pharmacology, Pahla- 
vi University, Medical School, Shiraz. Iran. Voucher specimens were identi- 
fied by R. E. Perdue and are deposited in the Herbarium of the U S .  Depart- 
ment of Agriculture, Beltsville, Md. 


An active fraction is one that exhibits an E D s  6 20 pg/ml. 
An active fraction is one that exhibits a T/C of 2125%. 
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Drug-Biomolecule Interactions: 
Bioelectrometric Study of the Mechanism of Carbachol 
Interactions with the Cornea and Its Relation to 
Miotic Activity 


VICTOR F. SMOLENX, CHUI S. PARK, and EDWARD J. WILLIAMS 


Abstract 0 The augmentation of carbachol miotic activity attrib- 
utable to enhanced transcoineal absorption, which results from the 
action of cationic adjuvants included in ophthalmic vehicles, sug- 
gested a study of carbachol-corneal tissue interaction as a further 
step toward understanding the phenomenon. The present study 
was performed in uiuo using an innocuous electrometric technique. 
A fixed charge density of the corneal epithelial surface uersus car- 
bachol concentration profile was obtained from the dectrometric 
results; it revealed three distinct concentration regions defined by 
precipitous decreases of fixed charge over extremely small concen- 
tration ranges. This anomalous behavior is attributed to coopera- 
tive alterations in the binding affinities of fixed anionic sites on 
the tissue surface, which result in an all-or-none release of protons 
and/or other microcationg The unmasked anionic sites become 
reoccupied with carbachol except in the last region where the reoc- 
cupation by carbachol is competitive with other cations in the so- 
lution in contact with the surface. This behavior, postulated on the 
basis of the construction of a carbachol-tissue binding isotherm 
from which thermodynamic interaction affinities were computed, 
was corroborated by the observed dependency of the duration of 
miotic activity on carbachol concentration. Allosteric interactions 
between anionic binding sites, which are mediated through elec- 
tron inductive and electrostatic field effects and likely involve a 
cooperative alteration in tissue water structure, are implicated as 
underlying the observed phenomena. 


Keyphrases 0 Carbachol-interactions with cornea, relation to 
miotic activity, mechanism, bioelectrometry 0 Ophthalmic solu- 
tions-carbachol interactions with cornea, relation to miotic activ- 
ity, mechanism, bioelectrometry Bioavailability-ophthalmic 
carbachol, interactions with cornea, relation to miotic activity, 
mechanism, bioelectrometry 0 Drug-biomolecule interactions- 
mechanism of carbachol interactions with cornea, relation to miot- 
ic activity, bioelectrometry 0 Interactions-drugs with biomole- 
cules, symposium 


The first report (1) in the present series described 
the considerable augmentation of carbachol miotic 
activity resulting from the inclusion of benzalkonium 
chloride, a cationic surfactant, or a dextran (DEAE), 
a cationic polyelectrolyte, in an ophthalmic vehicle. 
This phenomenon, first reported for benzalkonium 
chloride (21, was discussed briefly and attributed to a 
modulation of carbachol-tissue interaction by the 
cationic adjuvants resulting in a promoted biophasic 
availability of the drug. The 'adjuvants appear to be 
selective in their enhancement of the transcorneal 
availability of the drug to its site of miotic action 
without concomitantly increasing systemic absorp- 
tion. 


The present report describes details of a bioelec- 
trometric investigation of the interaction of carba- 
chol with the corneal epithelial surface of rabbits. 
The in uiuo bioelectrometric technique (3-8) is 
unique in its ability to provide data that permit char- 


acterization of drug-tissue interactions in terms of 
kinetic and thermodynamic parameters (7, 10-13) 
under physiological, product-use, conditions. The 
technique sften provides a unique means for ob- 
taining such information. 


EXPERIMENTAL 


Materials-All reagents were analytical grade except for the 
carbachol' USP (carbamylcholine chloride). Pentobarbital sodi- 
um* and lidocaine hydrochloride3 were used as general and local 
anesthetics, respectively. Filter paper wick material4 was used for 
measuring electrical potentials5. Fiber junction, miniature, satu- 
rated calomel electrodes6 were attached using Tygon rubber 
sleeves to the filter paper wicks, which were used for corneal mea- 
surements; a glass-sleeve-type electrodefi was used as the reference 
electrode immersed in the 0.15 M NaCl reference solution. A mi- 
cr~manipulator~ was used to apply the wicks to the corneal sur- 
face. The liquid junction potential measuring apparatus was de- 
scribed previously (8). 


The composition of the carbachol-free buffer solutions em- 
ployed in the pH titration experiments was reported earlier (5). 
Carbachol solutions8 were prepared by the addition of carbachol to 
pH 6.95 phosphate buffer solutions. Conductance measurements 
were performed with a conductivity bridges. The animals used 
were approximately 2-month-old male New Zealand white rabbits, 
2.0-2.5 kg. 


Miotic Response Monitoring-The details of the administra- 
tion of ophthalmic drug solutions into the eyes of the rabbits and 
the recording of drug-induced time variations in the pupillary di- 
ameter were reported previously (1, 12-14). 


Bioelectrometric Methodology--The previously described 
dilution potential method (3-5, 15), as contrasted to an equilibri- 
um method or the dilution-potential-time extrapolation method 
(11), was utilized to determine the dependency of the fixed charge 
density of the corneal surface on the composition of applied exper- 
imental solutions. The fixed charge density arises from the disso- 
ciation of ionogenic groups covalently bonded to or sorbed onto the 
biocolloids constituting the tissue surface (14). 


The net density of fixed charge is generally a sensitive function 
of the composition of the solution contacting the tissue. The verity 
of observed dilution-potential measurements in reflecting the 
fixed charge density has been confirmed by direct experimentation 
(8). The often direct relationships between observed changes in 
fixed charge density and the extent of solute binding to tissue sur- 
faces have also been demonstrated (6,7,11). 


Except for some minor modifications, the employed procedure is 
similar to the technique described earlier for the interaction of 
procaine hydrochloride with the cornea of guinea pigs (3). The ex- 
perimental arrangement for the present study with rabbits is illue- 
trated in Fig. 1. The rabbits were immobilized by slowly infusing a 


Alcon Labs., Inc., Fort Worth, Tex. 


Beckman, Catalog No. 320046. 
Sar ent SR recorder. 
Bectman. 


2 Nembutal Sodium, Abbott Laboratories. 
3 Xylocaine Hydrochloride, Astra Pharmaceutical Co. 


7 Model UD-1, Narishige Scientific Instrument Laboratory, Tokyo, Japan. 
8 The pH of all solutions was measured with an Orion model 801 digital 


9 Serfass. 
pH meter. 


620 /Journal of Pharmaceutical Sciences 







t 


8' \ FILTER PAPER WICK 


ELECTRODES 
Figure 1-Experimental arrangement for the bioelectrometric 
determination of the fixed charge density of the rabbit cornea. 


dilute solution (0.6% w/v) of pentobarbital sodium into a marginal 
ear vein. The required dose varied between 30 and 40 mg/kg. 


Retrobulbar injection of 1 ml of a 1% (w/v) solution of lidocaine 
hydrochloride was administered to the anesthetized rabbits to di- 
minish blinking and lacrimation and to permit freer access of the 
filter paper wicks to the cornea by causing the eye to protrude 
slightly. The retrobulbar injection of lidocaine did not alter the re- 
sults of the corneal electrometric measurements. Each rabbit was 
allowed a minimum recovery period of 1 week between successive 
experiments in which the right and left eyes were used alternately. 


As shown in Fig. 1, the rabbit's ear was depilated and immersed 
in a 0.15 M NaCl solution along with the saturated calomel refer- 
ence electrode. This rabbit's ear served as a reference surface, and 
it was not disturbed during an experimental run. The dilution po- 
tential procedure for a particular solution consisted of thoroughly 
rinsing the cornea with buffer, blotting off the excess solution with 
cotton swabs and filter paper wicks, and contacting the center of 
the cornea with a filter paper wick which had been wetted with the 
experimental solution and attached to the fiber junction of an elec- 
trode. 


Following contact of the solution-wetted wick with the cornea, a 
potential, E l ,  was recorded until it became constant. For an eye 
thoroughly rinsed with buffer just prior to the measurement, con- 
stancy in El was achieved almost immediately. Without further 
treatment of the eye, a second slightly smaller filter paper wick 
wetted with a 10-fold dilution of the experimental solution and at- 
tached to a second electrode precisely matched to the first ( ie. ,  
asymmetry potentials measured between the electrodes with both 
immersed in 0.15 M NaCl solution were less than 0.1 mv) was 
placed within the area of the cornea covered during the measure- 
ment of El .  A second potential, Ez ,  was recorded immediately 
upon contact of the dilute solution with the corneal surface. Each 
measurement of El and E P  was replicated with the same solution 
and its dilution; this procedure was repeated for all experimental 
solutions in a series. 


Extreme care was exercised in the positioning of the solution- 
wetted wicks on the cornea and also in the swabbing of excess solu- 
tion from the eye so as not to abrade the cornea or touch surround- 
ing tissues. In each measurement, the micromanipulator was used 
to lower the wick slowly to the center of the cornea until electrical 
contact was made by pendular drops of solution adhering to the 
end of the wick rather than by the wick itself. Consistent adher- 
ence to this technique prevented abrasion of the cornea as well as 
position and movement effects on corneal potentials (16-18); such 
effects did not present a problem in the present study. The filter 
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Figure 2-Calibration plots for the transformation of experi- 
mentally observed dilution potential values into corresponding 
fixed charge densities. The  curves relate to: (0) pH 6.95 buffer 
without carbachol a n d  the same buffer containing varying car- 
bachol concentrations, i.e., (0) 0.005.5M, (0) 0.0137 M ,  (A) 
0.0274 M, (0) 0.038 M, (m) 0.049 M, (0) 0.055 M, (9) 0.060 
M, (8) 0.066 M, (a), 0.077 M, (a) 0.088 M, (fl) 0.099 M, 
(0) 0.104 M, (0) 0.110 M, (0) 0.115 M, (A) 0.121 M, (A) 
0.129 M, (0) 0.137M, and (V) 0.164 M. 


paper wick itself must not possess a fixed charge density which 
varies with the composition of its imbibed solutions since this can 
cause a considerable error in the results. 


Whether a particular wick material is satisfactory or not can be 
determined from liquid junction potentials obtained with a strip of 
the wick material serving as a bridge between the experimental so- 
lutions and their 10-fold dilutions. The procedure for this determi- 
nation is identical to that previously described for a strip of cation- 
exchange membrane material (8). 


Conversion of Measured Dilution Potentials into Fixed 
Charge Densities-Theoretical expressions relating the differ- 
ence in the two measured potentials, ( E P  - E l ) ,  termed the dilu- 
tion potential, E d ,  to the fixed charge density of the tissue surface 
for an applied experimental solution were presented previously (3, 
7, 15). The equations are most conveniently solved graphically or 
through the construction of alignment charts. 


Figure 2 presents the calibration curves used to relate experi- 
mental Ed values to  corresponding values of fixed charge density 
for each pH 6.95 carbachol solution-10-fold dilution pair used. 
The curves are linear over the Ed range of interest; the slopes of 
the curves vary with the content of carbachol contained in their 
corresponding solutions. The limiting ionic conductance, XO, of the 
carbamylcholine cation required for construction of the calibration 
curves was determined both by conductance and liquid junction 
potential measurements t o  yield a nearly identical average value of 
38.9 ohms-' a t  25" for carbachol concentrations ranging from 5.5 
to 274 mM in the pH 6.95 buffer. Experimental methods for mea- 
suring A0 were described previously (8). 


The verity of the application of the theoretical expressions for 
relating fixed charge density values to observed dilution poten- 
tials, via the calibration curves in Fig. 2, was confirmed by liquid 
junction potential measurements (3,5).  Fixed charge densities cor- 
responding to dilution potentials measured with buffered solutions 
of varying pH, but not containing carbachol, were obtained using a 
previously reported alignment chart (5). 


Relation of Dilution Potential  Method to  Other  Corneal 
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Figure 3-Bioelectrometric p H  titration curve of the corneal 
surface of rabbits. Key: 0, forward titration; and 0, reverse 
titration. 


Potential Recording Techniques-In contrast to the transmem- 
brane type of potentials recorded on the cornea by various other 
investigators (16-191, the dilution potentials determined in the 
present study are liquid junction potentials that develop across the 
interphase formed immediately upon contact between the experi- 
mental solution, with which the corneal surface has been allowed 
to equilibrate, and the 10-fold dilution of the same solution. 


' The E d  values depend only upon the composition of the solu- 
tions and the fixed charge characteristics of the tissue surface ex- 
isting under the conditions of their application. Therefore, the E d  


potentials obtained cannot be directly compared to corneal poten- 
tials reported by other investigators using other techniques which 
provide results that cannot be interpreted as readily (15-18). Cau- 
tion is particularly required in comparing in uioo corneal poten- 
tials with results recorded from excised corneas. When using the 
dilution potential methods, differences become clearly evident. 
Details of the comparison of in oioo to i n  oitro electrometric re- 
sults will be presented subsequently. 


RESULTS AND DISCUSSION 


pH Titration Curves of Corneal Surface-Figure 3 illustrates 
how the fixed charge density of the corneal surface varies with the 
pH of the applied solution; numerical values are presented in 
Table I. The plot in Fig. 3 is analogous to pH titration curves of 
amphoteric macromolecules in that it also describes proton ioniza- 
tion. It differs somewhat in that the shape of the curve also reflects 
the influence of other solutes in the experimental solutions applied 
to the tissue surface. 


The variation in fixed charge density of the surface with increas- 
ing pH derives from the dissociation of protons from chemical 
groups, covalently bonded to protein, nucleic acid, phospholipid, 
and mucopolysaccharide tissue constituents of the corneal surface. 
The variation is also affected by the binding of other ionic or un- 
charged solutes (present in the milieu of the tissue surface) to 
charged or neutral surface sites (3,7, 15). The observed density of 
fixed charge at  any time .is a consequence of the interacting state of 
these biocolloids as a whole and is quite sensitive to the composi- 
tion of the applied solutions. 


Previous results from this laboratory describing the effects of 
surfactants (7, 15). hexachlorophene (5-7), and carcinogenic and 
inactive hydrocarbons (4) with human epidermis, as well as the in- 
teraction of procaine with the corneal surface (3), have been re- 


Table I-Fixed Charge Density Values for the Forward 
(Low to High pH) and  Reverse (High t o  Low pH) 
Hydrogen-Ion Titration of the Corneal Surface of Rabbits 


Fixed Charge Density, f, 


Backward 
p H  ward verse Titration Ti t ra t ion 


Ed, m v  f SD, mEq/litero 


For- Re- Forward 


1.12 -1 -8 +200 f 4 6  +240 f 30 
2.20 -9 -14 +20 f. 10 +40 
2.82 -9 -14 -5 f 15 +20 
3.39 -7 -6 -23 f 3  - 25 
4 .40  -2 -1 -44 zk 24 -51 f 31 


-28 f 19 5.33 +6 +1 -53 f 39 
5.99 +8 +6 -24 f 13 -19 f 23 
6.95 +9 +6 -29 + 5  -14 f 15 
8.60 +5 +4 -51 f 22 -49 f 22 


-23 f 16 10.07 -3 -7 -42 f 9  
-5 - 60 - 40 10.91 -2 


12.30 -8 -10 -135 - 125 


a The values are averages of a minimum of eight replications except for 
single determinations which are listed without standard deviations. 


ported. Direct correlations between tissue binding (5, 7) or phar- 
macological activity (3) of the tissue-interacting solutes and ob- 
served changes in fixed charge density have been demonstrated. 


The fixed charge densities plotted as a pH titration curve in Fig. 
3 appear to be independent of whether the measurements were ini- 
tiated at low or high pH; a forward titration curve (pH 1.12-12.30) 
was not statistically different from the reverse curve (pH 12.30- 
1.12) at  a p I 0.05 confidence level as determined using a paired t 
test. However, an opacity of the cornea with an accompanying red 
coloration and mucous lacrimation usually appeared at lqw (1.12- 
3.39) and at high (10.07-12.30) pH during the electrometric titra- 
tion. It has been reported that the cornea can be severely damaged 
at  pH 11 (21). 


In view of these changes in the cornea observed at  the extremes 
of pH, the apparent nonhysteretic nature of the forward and re- 
verse titration curves was unexpected; the fixed charge density in 
the past has been shown to be a sensitive means of detecting 
changes in the structure and properties of tissue surfaces. The ap- 
parent failure of the bioelectrometric results to exhibit hysteresis 
in the acid-base binding characteristics of the cornea may be at- 
tributed to the following causes: 


1. Whatever changes do occur are reversible. 
2. Irreversible changes occur a t  depths within the cornea below 


those for which the electrometric results reflect the state of tissue 
colloids; for epidermis, the depth is approximately 3-4 Mm (6, 7). 
Although a similar determination was not performed for the cor- 
nea, it may be assumed that the stratum corneum of the epidermis 
is appreciably more porous than the unkeratinized corneal epithe- 
lium and that the corneal tissue depth represented electrometri- 
cally in the present case is much less than that estimated for epi- 
dermis. 


3. The damage to the corneal epithelium is the same for both 
acidic and alkaline pH extremes. The difference in the fixed 
charge density at pH 6.95, given in Table I as 29 f 5 mEq/liter, 
compared to the value of 70 f 13 mEq/liter (Table 11). which was 
observed for corneas not previously treated with solutions other 
than pH 6.95, supports this conclusion. 


When referring to Fig. 3, it is apparent that the isoelectric point 
of the corneal surface is in the vicinity of pH 3.0. At the isoelectric 
pH, the number of basic, fixed cationic groups exactly balances the 
number of acidic, fixed anionic groups titrating below the isoelec- 
tric point. The relatively low isoelectric point of the corneal sur- 
face is largely attributable to the presence of sulfate groups on i ts  
mucopolysaccharide constituents, although some carboxyl groups 
are also titratable below pH 3.0 (22). 


Since the lowest pH at which cationic groups on the surface start 
to deprotonate is above pH 5 and the anionogenic groups all may 
be assumed to be essentially protonated at pH 1.12 (23), the ob- 
served difference in fixed charge density, -200 mEq/liter, which is 
the difference between the charge density a t  pH 1.12 and that at 
the isoelectric pH, is assumed to represent the density of fixed cat- 
ionic sites on the tissue surface. 
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Table 11-Dependence of I n  Vivo Corneal Surface Fixed 
Charge Density, f,  on Carbachol Concentration in pH 
6.95 Phosphate Buffer as Determined Electrometrically 


Carbachol 
Molarity 


Carbachol a t  Corneal AP, 
Solution Surface, Ed,* f f SD, mEq/  
Molarity rZMa m v  mEq/liter liter 


0 (buffer) 0 + 19 -70 f 13 0 
0.0055 0.0069 +16 -67 f 14 +3  
0.0137 0.017 + 14 -64 f 12 +6 
0.0274 0.032 + 10 -58 f 9  +12 
0.038 0.044 +6 -50 f 13 +20 


-37 z t l l  +30 
-25 f 18 +45 


0.049 0.054 +3 
0.055 0.058 0 
0.060 +5 -66 f 17 +4 
0.066 0.088 +12 -117 & 12 -47 
0.077 0.090 +4 -57 f 19 +3  
0.088 0.098 0 -50 *16 +20 
0.099 0.108 -2 -42 f 2 1  +28 
0.104 0.100 -3 -34 f 2 6  +36 
0.110 0.111 -7 -1 f 33 +69 
0.115 -2 -54 f 2 4  +16 
0.121 0.125 +4 -109 *20 -39 
0.129 0.145 -1 -65 f 2 8  +5 
0.137 0.153 -2 -61 &35 +9 
0.164 0.173 -6 -37 f 2 9  +33 


Z = 1 for carbamylcholine cation. b Average values from 28 determina- 
tions. Af = f (carbachol) - f (buffer). 


It can be seen in Fig. 3 that the net fixed charge density is anion- 
ic above pH 3.0, passing through a shallow minimum at  approxi- 
mately pH 6.5. The apparent minimum in the curve may at  first 
appear quite anomalous since it indicates that an increase in the 
cationic charge density of the surface occurs with increasing pH 
over the 4.5-6.5 pH range whereas deprotonation of the surface, as 
may ordinarily be expected to occur with increasing pH, causes the 
surface charge density to decrease. This same behavior has also 
been observed in this laboratory with titration curves obtained in 
uiuo on rabbit intestinal mucosa and frog skin. Less physiologically 
active tissue surfaces such as epidermis and connective tissue, 
which do not actively transport ions across their single or multicel- 
lular barriers, exhibit this effect to a minor degree or not a t  all (5, 
7, 15). 


Presently unpublished results of additional studies with frog 
skin and the mucosal surface of the lower third of the rabbit duo- 
denum have shown that the anomaly in the titration curves of 
these tissue surfaces is due to the binding of Na+ ions, which oc- 
curs in increasingly larger concentrations in the higher pH buffer 
solutions, to the tissue surfaces a t  a rate exceeding the rate of de- 
protonation of fixed anionogenic surface sites. Experiments a t  
fixed pH have revealed a similar U-shaped response in anionic 
fixed charge density to increasing concentrations of Na+ ions, indi- 
cating that the Na+ ions themselves can trigger their own release 
from tissue-binding sites. 


A mechanism involving “cardinal” Na+ binding sites, whose ex- 
tent of occupation governs the affinity of “gangs” of other Na+ 
binding sites by an allosteric, electron-inductive mechanism simi- 
lar to that previously postulated (4-6, 15,24-27) is hypothesized as 
being operative in this phenomenon and active Na+ transport (25). 
A related behavior is demonstrated by the results shown here for 
carbachol. 


Carbachol Interaction with Corneal Surface-Figure 4 con- 
tains plots of carbachol-induced changes in the fixed charge densi- 
ty of the rabbit cornea as a function of carbachol concentration; 
each point is the average of at least 28 replications performed with 
different rabbits. The data are summarized in Table 11. 


It is apparent from inspection of Fig. 4 that increases in the cat- 
ionic fixed charge density of the surface with increasing carbachol 
concentration occur in three discrete concentration ranges. Each 
range is well delineated by a precipitous drop in the density of the 
fixed positive surface charge. Therefore, an unexpected phenome- 
non of a cationic sorptate interacting with an anionic sorbent to 
render it more anionic over a very small range of concentration is 
observed. In view of related phenomena reported from this labora- 
tory, e.g., hexachlorophene anion binding to a negatively charged 


epidermal surface which reduces its net anionic charge density (5, 
6) and similar results from other laboratories (28), these apparent- 
ly paradoxical carbachol effects on the cornea do not appear quite 
as unusual. 


As previously reported (5), the effects of hexachlorophene an- 
ions on the fixed charge density of the epidermal colloids a t  pH 10 
were .attributed to the operation of electrostatic field effects in 
coniunction with inductive delocalization of electrons emanating 
from peptide niuogen binding sites to increase the acid pK’s of 
vicinal ionogenic protein side groups. The shift in pK results in an 
uptake of protons, as well as probably other mobile microcations, 
from the solution and produces a diminution in anionic fixed 
charge density. 


A similar mechanism was postulated as being responsible for re- 
pression of the ionization of fixed anionogenic sites on skin that 
was observed to be induced by sodium lauryl sulfate (7). Predictive 
evidence for such hypotheses was presented in a later paper (20) in 
the form of a hexachlorophene anion-induced inversion of the spe- 
cific electrical response behavior of the epidermal surface to Na+ 
and K+ ions. The present observed behavior of the fixed charge 
density of the corneal surface in response to carbachol interaction 
is most closely analogous to the influence of unionized hexachloro- 
phene on the skin a t  lower pH (5) or of 3-methylcholanthrene (4); 
both agents manifest their effects in an increase in the net anionic 
fixed charge density that can be attributed to an inductive with- 
drawal of zlectrons from vicinal ionogenic sites, resulting either in 
their deprotonation or to their dissociation of other possible micro- 
cations with which the sites might also be occupied (6). Similar al- 
losteric mechanisms have been postulated (24,27,29-31). 


The ability of electron-inductive effects to be transmitted for 
appreciable distances through biopolymers such as proteins and 
nucleic acids possessing semiconductive properties has been con- 
vincingly postulated (29, 32, 33). The mechanisms postulated for 
the presently observed phenomena are also involved in solute-in- 
duced changes in the pK’s of titratable groups of wool and soluble 
proteins and are manifested in lateral shifts in hydrogen bonding 
curves (34-36) as well as, for example, drug and calcium-ion-in- 
duced lateral shifts in the intracellular Na+ and K+ binding iso- 
therms of muscle (37,381. 


With these principles in mind, the initial increases in cationic 
fixed charge density in each discrete carbachol concentration 
range (Fig. 4) can be attributed to direct electrostatic binding of 
carbachol cations to fixed anionic sites, similar to that demon- 
strated for various different cations binding to wool (39), plasma 
proteins (40), the epidermis (4, 41), and the cornea (3). In each 


0 4 


. 
>r 
k 2  
v) 
Z 
W 
n 
w a o  a 
d I 
n -2 
0 
~ 


W x 
LL 


Z 


a z 


- 
w -4 


$ + . , , ,  , 
0 


0.05 0.10 0.15 
CARBACHOL MOLARITY 


Figure 4-Dependency of carbachol-induced changes in  the 
fixed charge density of the corneal surface. The ordinal values 
are changes relative to the fixed charge density a t  pH 6.95 in the 
absence of carbachol. Each value is the average of 28 determina- 
tions performed on different rabbits. 
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case, a long-range coulombic attraction has been postulated to be 
responsible for a sufficiently close approach of cationic solutes to 
anionic binding sites so as to cause electrostatic salt binding to 
occur and to be reinforced by secondary, short-range van der 
Waals forces. 


The abrupt appearance of new, fixed, anionic tissue surface 
sites, which is observed when carbachol interacts with the cornea, 
may be attributed to a triggering of a cooperative (22, 29), induc- 
tively implemented, reduction in the electron charge densities of 
anionic sites trapsiently occupied by cations. These sites are vici- 
ma1 to carbachol binding sites. The cooperative nature of the phe- 
nomenon may be compared to the analogous mechanism by which 
cationic surface-active agents denature proteins (32, 42). The car- 
bachol-induced alterations of neighboring sites can be postulated 
to occur by electl'on withdrawal, resulting in a reduced affinity 
(decreased acidic pK) for binding protons and presumably other 
cations and depending on such factors as their hydrated diameters 
and relative concentrations (24, 43). This reduced binding affinity 
allows the release of the cations into the milieu and results in an 
abrupt increase in the negative fixed charge density of the tissue 
surface. The anionic sites vacated by the released cations become 
available for binding carbachol, with the process again being re- 
peated when a sufficient density of these interaction sites becomes 
occupied to trigger another all-or-none type of cooperative trans- 
formation resulting in the release of additional cations. 


Considering that (a) a carbachol-induced electron withdrawal 
from neighboring anionic sites causes a shift in the affinities of the 
sites so that they selectively prefer less hydrated, larger atomic ra- 
dius ions such as K+ or carbachol cations over Na+ or H+, for ex- 
ample, as predicted from the theory of Ling (43) and Eisenman 
(44) and (b) carbachol-salt binding can be reinforced by hydro- 
phobic bonding and van der Waals interactions, it is reasonable to 
assume that carbachol cations have a decided competitive advan- 
tage over other cations in the environment with regard to reoc- 
cupying the vacated fixed anionic sites. 


The proposal of Klotz (45), which implicates the presence of ice- 
berg-like structured water on protein surfaces in the alteration of 
acidic pK values of ionic and ionogenic side-chain groups, lends 
additional insight into the mechanistic nature of carbamylcholine 
cation-induced cooperative changes in the fixed charge density. 
Structured tissue water is stabilized as water of hydrophobic hy- 
dration on nonpolar protein side-chain groups (44,45) and peptide 
linkages (40). This structured water is responsible for increasing 
the acidic pK's of fixed ionogenic groups relative to their values in 
unstructured water (40); the presence of cationic quaternary am- 
monium groups, such as those found on carbachol, causes a disrup- 
tion of the water structure (44,47,48) which, in turn, favors ioniza- 
tion of ionogenic groups. 


The operation of a mechanism of this nature is possibly a con- 
tributing factor to the sudden unmasking of anionic corneal sur- 
face sites which delineate the various discrete carbachol concentra- 
tion ranges in Fig. 4. The formation and disruption of structured 
water occur in an abrupt cooperative manner (48), which could ac- 
count for the observed precipitous changes in fixed charge density 
which are suggestive of the involvement of a cooperative mecha- 
nism (49). 


Construction of Carbachol-Tissue Sorption Isotherms from 
Bioelectrometric Data-Although the fixed charge density of 
the corneal surface a t  the pH of the carbachol solutions is anionic, 
the observable anionic fixed charge density is less than the actual 
density of anionic binding sites due to a partial masking of these 
sites by electrically compensating, fixed cationic sites. All anionic 
sites are postulated as being capable of participation in the drug- 
tissue interactions. If the binding of a cations gives rise to a change 
of one unit of fixed charge density, the interaction of cationic so- 
lutes with the corneal surface may be described by the equilibrium 
presented in Scheme I: 


s- + ac+ f SC', 


Scheme I 


where a is an apparent stoichiometric coefficient. For direct elec- 
trostatic salt binding of cations to fixed anionic sites, (Y would have 
a value of unity. In cases of interactions that indirectly result in an 
altered fixed charge density, a may have almost any value and in 
fact can vary as a function of the concentration of the applied in- 
teracting solute. 


Table 111-Binding Data for Interact ion of Carbachol i n  
p H  6.95 Buffer w i th  the Corneal Surface of Rabb i t s  


Carbachol 
Solution 
Molar i ty  


0-2.74 X lo- '  
3 . 8  X l o - '  - 


5 . 5  x 10-2 
8 . 8  x 10-2 - 


1 . 1 1  x 10-1 
1 . 2 5  X l o - '  - 


1 . 7 3  X 1 0 - i  


Maximum 
N u m b e r  of 


Binding 
Sites 


275O 


277b 


4 2 5 ~  


Stoichio- 
metric 
Coef- 


ficient, 
a 


0 . 8 7  
3 . 2  


4 . 7  


1 . 9  


Apparen t  
Association 
Constant ,  


K 


0.80  
5 x 10' 


3 x 10' 


36 


Afm, in milliequivalents per liter. AfCmZ.  Afmv 


It can be assumed for the present that  an  unknown number, a, 
of carbamylcholine cations, c+, reacting with each anionic binding 
site, S-, to form a complex, Sc,,, is responsible for the reduction of 
1 equivalent of fixed charge density; 1/a equivalents of negative 
fixed charge are neutralized for each equivalent of cation bound to 
form the complex. In other words, an observed change in fixed 
charge density, Af ,  in the presence and absence of the cationic 
sorptate, when equal to 1 equivalent, is tantamount to  the interac- 
tion of a moles of the cation. The relationship between free anionic 
binding sites, S-, and the fixed charge density of the surface, /, is 
implicit in the value of a. 


The affinity of the drug-tissue interaction may be described by 
an apparent association constant, K, as given by Eq. 1: 


where (c +), is the concentration of interacting cation in the colloid 
surface phase. 


Rossotti and Rossotti (51) indicated that any property that 
varies with the degree of complex formation may be used to deter- 
mine its extent. In the present case, observed changes in the fixed 
charge density represent experimentally known quantities which 
can be used for this purpose. Equation 1 can be rewritten fully in 
terms of experimental quantities to yield: 


In Eq. 2, the observed change in fixed charge density at equilib- 
rium, Af, represents the concentration of the complex. The inter- 
acting cations in the applied solution distribute into the colloid 
surface phase in accordance with a Donnan equilibrium and must, 
therefore, be corrected by multiplication by P, where r is the Don- 
nan ratio and z is the valence of the interacting cations. In the 
present treatment, the value of z is 1 for the carbamylcholine cat- 
ion. The number of unaffected binding sites at equilibrium is the 
difference between the total number of anionic sites capable of in- 
teraction, Af _, and the number of affected sites, A/. 


Equation 2 may be written in the forms given by Eqs. 3 and 4 for 
applicability to each of the three carbachol concentration regions 
in Fig. 4 preceding or following precipitous changes of A/,  which, 
as previously discussed, are postulated as being due to a coopera- 
tive, all-or-none unmasking of anionic sites: 


In Eqs. 2-4 A/-, A/-,, and A/-3 are extrapolated total numbers 
of anionic sites for each of the three regions; f l  and /i represent 
the changes in A f  between regions one and two and between re- 
gions two and three, respectively. The total density of anionic 
fixed charge that has been influenced up to a given carbachol con- 
centration is given by A/, ( A f  + /*), and ( A /  + f l  + f 2 )  for the con- 
centration regions of 0-0.055, 0.088-0.111, and 0.125-0.173 M, re- 
spectively. Equations 2-4 are, in principle, equivalent if the newly 
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Figure 6-Graphical determination of the maximum number 
of binding sites, Af,, on the rabbit corneal surface which bind 
carbamylcholine cations at p H  6.95. The Af, values are 
determined by extrapolating the change in fixed charge density 
to infinite carbachol concentration for each of the binding 
regions shown corresponding to 0-5.5 X M (O), 8.8 X 
10-2-1.11 X M (A), and 1.25 X 10-"1.73 X M 
(0) carbachol. 


created anionic binding sites are considered as being included in 
the total of cation-affected sites up to any given concentration. 


Generally, some form of Eq. 2 suffices for the treatment of most 
solute-tissue interaction data. The observation that precipitous 
changes in Af do occur attests to the verity of the expectation that 
heterogeneous tissue sites are characterized by differing interac- 
tion parameters. If this were not the case, the binding would be de- 
scribable by a monotonic Af uersus carbachol concentration func- 
tion indicating identical independent binding sites which, when 
transformed into a sorption isotherm, would be Langmuirian in 
appearance. 


Values of Af-  were obtained graphically (Fig. 5 )  by linear ex- 
trapolations to ordinate values corresponding to infinite concen- 
trations of interacting carbachol. One plot of Af versus the recipro- 
cal of carbachol concentration was nonlinear, having a shape re- 
sembling an exponential decay. This appearance suggested its res- 
olution into a sum of contributing exponentials, using the familiar 
peeling-off technique (52) and obtaining the sum of the least- 
squares values of the intercepts of semilogarithmic plots of each 
contributing exponential component. The results of the applica- 
tion of this technique are illustrated in Fig. 5,  where the sum of the 
ordinal intercepts gives the apparent total number of available 
binding sites corresponding to an infinite concentration of carba- 
chol for the 0-0.055 M region. Table I11 lists the values of total 
available sites appropriate for the three discrete binding regions. 


Equation 5 is a linearized, logarithmic form of Eq. 2. Values of a 
and K may be determined from the slopes and intercepts of corre- 
sponding log-log plots of Eq. 5: 


The values of all terms appearing in Eq. 5 except a, K, and Af-  
are known from experimental procedures. As previously men- 
tioned, the apparent stoichiometric coefficient, a (as well as the af- 
finity constant, K ) ,  may be different in each concentration region 
as well as being concentration dependent within each region due to 
heterogeneity of binding sites and a varying reactivity of the sites 
that can be dependent upon the extent of their occupation. When 
this is fully the case, a and K may be approximated at each ad- 
sorptate concentration from the slope and intercept of a tangent 
line drawn to the curve a t  each abscissa1 concentration value. The 
accuracy of such a procedure could, when necessary, be enhanced 
by curvilinear regression fitting of the log-log plot to an empirical 
equation and differentiating the equation to obtain the slopes at  
each concentration. However, the evaluation of K and a would still 
remain uncertain due to the error generally characteristic of first 
derivative estimations. 


Fortunately, it has been the experience of the authors that such 
log-log plots are either linear or exhibit two or more regions of lin- 
earity in which a and K are relatively constant. When this is the 
case, a plot of log [ A f / ( A f f . .  - A f ) ]  uersus log [r'(c+)aq] provides a 
as the slope of the line and log K as the intercept on the ordinate 
a t  [P(c+),,] = 1. Equations 3 and 4 obviously can be linearized 
similarly to Eq. 2 and values of a and K can be evaluated. 


Plots of Eqs. 2-4 for the present study are exemplified in Fig. 7. 
The plot for the lowest concentration region reveals two distinct 
straight lines, indicating a heterogeneity of binding sites within 
this region, with each type of site having its own a and K values. 
The values of a, as calculated from the least-squares slopes of the 
lines, are listed in Table 111. The value of a in the carbachol con- 
centration region of 0.088-0.111 M suggests that four to five car- 
bamylcholine cations, when bound to the cornea, give rise to a 
change of approximately one unit of fixed charge density. This re- 
sult is reasonable if one postulates a release of nondrug cations 
every time a drug cation is bound. The number of equivalents of 
bound cation that causes an integral value can be interpreted as 
representing a weighted average of integral values which must nec- 
essarily occur on a microscopic scale. The values of the association 
constant, K, for each concentration region are also listed in Table 
111. As anticipated, these values differ along with the a values in 
each concentration region. In the lowest concentration region, 
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Figure 6-Bjerrum-type plots of electrometric results of car- 
bachol interaction with rabbit cornea. The three plots corre- 
spond to the carbachol concentration regions of 0-2.74 X 10-a 
M (0), 8.8 X 10-8-5.5 X 10-3 M (A), and 1.25 X 10-L1.73 
X M (0). The ordinate scale on the right side is used f o r  
the plots corresponding to the latter two regions. 
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Figure 7-Sorption isotherm describing the binding of car- 
bamylcholine cations to thecorneal surface of rabbits at p H  6.95. 
The dashed portions of the curve represent the intervals between 
the three binding regions which are defined by abrupt changes in 
fined charge density. 


there are evidently two types of sites with different K values. 
Having determined a values from the log-log plots, the equiva- 


lents of corneal surface-bound carbachol can be obtained by multi- 
plying Af [or ( A f  + f l )  or ( A f  + f l  + f z ) ]  by corresponding values 
of a. From Eqs. 2-4: 


= cornea bound carbachol 1 (Eq. 6) 


cr(Sc,) = u A f  


An adsorption isotherm may be constructed by plotting the 
quantity of bound carbachol as a function of the carbachol concen- 
tration in the corneal surface phase, i.e., [?(c+).,]. The coopera- 
tive nature of the drug-tissue interaction is again apparent from 
the shape of the isotherm in Fig. 7. Inspection of Fig. 7 reveals an 
unusual effect. When accepting the method by which they were at- 
tained, the results in Fig. 7 indicate that the interaction of carba- 
chol decreased in the 0.125-0.173 M region relative to the 0.088- 
0.111 M region. This behavior may be rationalized by postulating 
that in the transition between these two concentration regions, in 
which new anionic sites are unmasked due to a release of cations, 
the released cations include carbachol; vacated sites subsequently 
become reoccupied by carbachol when its concentration is in- 
creased. 


The decrease in the association constant for carbachol binding 
from a value of 3 X lo4 to 36 (Table 111) indicates a large decrease 
in affinity for carbachol interaction which underlies the desorption 
of carbachol from the tissue surface in the transition between the 
second and third concentration regions. Since there is no apparent 
similar discontinuity between the first and second concentration 
regions in Fig. 7, i t  can be assumed that the abrupt drop in charge 
density occurring between these regions (Fig. 4)  reflects a release 
of nondrug cations, Na+, K+, etc., from the tissue surface rather 
than carbamylcholine cations. Table I11 shows that the carbachol 
association constant is appreciably greater for the second region 


a(Af + f J  
4 A f  + f i  -I- f z )  


compared to the first region, indicating an enhancement of drug 
cation binding in the second region. The opposite occurs in the 
third region. 


Carbachol-Corneal Surface Interaction and Drug Bio- 
availability Implications-Since carbachol must penetrate into, 
and migrate through, the cornea, it seems reasonable to expect 
that the size of the reservoir of drug sorbed onto the corneal sur- 
face will affect the amount of drug reaching the biophase. The 
amount of bound drug on the corneal surface is dependent on the 
availability of binding sites and the affinity of the drug for the sur- 
face; weakly bound drug is easily washed off in the lacrimal fluid. 
In the preceding discussion, it was postulated that drug-tissue af- 
finity is reflected in the observed changes in the fixed charge den- 
sity of the drug-treated tissue surface. A correlation may be ex- 
pected between tissue-bound drug and the amounts of drug and 
the time they are available to exert a local pharmacological re- 
sponse. 


The duration of the miotic response provides a measure of such 
drug bioavailability; the response duration is defined as the time 
required for the pupil diameter to return to normal. In Fig. 8, the 
response duration is plotted as a function of the concentration of 
topically administered carbachol solutions. I t  is evident from the 
figure that the duration first increases monotonically with increas- 
ing carbachol concentration; it then decreases and eventually in- 
creases again as the concentration is further raised. The sharp de- 
crease in duration is approximately in the same concentration re- 
gion where an abrupt drop in charge density (Fig. 4) and bound 
carbachol (Fig. 7) occurs. This abrupt change was attributed to de- 
sorption of carbamylcholine cations from tissue binding sites. It 
appears that  the bioavailability of topically administered carba- 
chol is dependent on the extent of interaction of carbachol with 
the corneal surface and can be enhanced by modifying the drug 
dosage form so as to increase this interaction. 


In a subsequent paper of this series, it will be proposed that the 
adjuvant, benzalkonium chloride, enhances the bioavailability of 
carbachol by affecting carbamylcholine binding sites on the corne- 
al surface. In the first paper of this series, it was proposed that this 


0.05 0.10 0.15 
CARBACHOL MOLARITY 


Figure 8-Dependency of the duration of carbachol-induced 
miotic response activity in rabbits on the carbachol concentra- 
tion in topically administered, p H  6.95, ophthalmic solutions. 
Each point represents the average of a minimum of four rep- 
lications. The standard deviations are shown for each point. 
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adjuvant also functions in facilitating the transport of carbachol 
through the cornea to the aqueous humor by inducing the release 
of bound carbamylcholine from tissue binding sites throughout the 
cornea (1). 


As was the case in Fig. 7, no drop in response duration in the 
lowest carbachol concentration region is evident in Fig. 8, which 
supports the contention that the first abrupt drop in charge densi- 
ty in Fig. 4 reflects a release of nondrug cations from the corneal 
surface. The small initial increase in duration at  very low carba- 
chol concentrations could conceivably be a result of the low affini- 
ty  of drug cations for surface sites as predicted by the small drug- 
tissue association constant (Table 111). For these concentrations, 
one can speculate that the binding of carbamylcholine cations to 
the corneal surface also augments movement of drug cations across 
the cornea by creating a more favorable electrical gradient. 


Iontophoresis, a procedure used to facilitate the transcorneal 
passage of anionic and cationic drugs (53), emphasizes, in conjunc- 
tion with other evidence, the electrostatic and presumably electro- 
chemical factors that influence passage of ophthalmic drug ions 
from the epithelial tear interface to the aqueous humor. Concomi- 
tant conformational changes in biocolloids resulting in morpholog- 
ical changes in the cells constituting the epithelial barrier must 
also be considered as related factors that could affect the transcor- 
neal transport of carbachol. For example, Green and Tonjun (54) 
reported that an electron microscopically observed widening of in- 
tercellular spaces in the corneal epithelium results from treatment 
with surface-active quaternary ammonium compounds. If this oc- 
curs in uiuo, i.e., it  is not merely a consequence of the harsh treat- 
ment of the excised corneal tissue subjected to dehydration and os- 
mium fixation in the process of making electron micrographs, it is 
likely that submolecular phenomena, such as those presently de- 
scribed, underlie the widening process (31,41) and, by this mecha- 
nism, could also contribute to enhancing transcorneal drug pas- 
sage. 


SUMMARY 


The present study was directed to an elucidation of the sub- 
molecular interaction of the ophthalmic drug carbachol with the 
corneal surface of rabbits. An in uiuo bioelectrometric method, 
which permitted determination of the fixed charge density of the 
corneal surface in response to varying the carbachol concentration 
of topically administered solutions, was implemented. 


The reversible pH-titration curve of the cornea illustrates the 
amphoteric, predominantly acidic, nature of the tissue surface and 
is due to the various protein, lipid, nucleic acid, and mucopolysac- 
charide constituents of the corneal surface. The interaction of car- 
bamylcholine cations with the corneal surface is a complex phe- 
nomenon which apparently involves cooperative, all-or-none 
changes in association affinities of fixed anionogenic groups on the 
surface. The mechanism of the interaction is explainable in terms 
of an inductive alteration of cation binding site affinities as a con- 
sequence of the binding of carbachol cations to vicinal cardinal 
sites. Corresponding miotic results indicate that the bioavailability 
of the drug is dependent on the extent of the drug-tissue interac- 
tion and reflects alterations in the values of the parameters charac- 
terizing the interaction. 
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Drug-Biomolecule Interactions: 
Drug Toxicity and Vitamin Coenzyme Depletion 


JOHN P. BEDERKA, Jr. *x, DANIS DAVITZYANANDA $, MIKEL L. MOSES *, and 
NASIM AHMAD * 


Abstract Thirteen pyridine compounds, phenylbutazone, and 
three salicylates were studied for their effects upon the turnover of 
7-14C-nicotinamide dinucleotides in the mouse. The compounds 
were administered a t  equitoxic doses (LD25) to 7-14C-nicotinic 
acid- (niacin) pretreated mice, and the induced excretion of uri- 
nary-14C was analyzed in terms of total 14C and percentage of total 
14C as known metabolites of nicotinic acid. Of the 17 compounds, 
12 afforded significant alterations in the total 14C excreted and 
five of these caused alterations in the disposition of the 7-14C-nico- 
tinamide endogenously liberated from the 7-14C-nicotinamide ade- 
nine dinucleotide pool. Comparative depletions of 14C from brain, 
lungs, liver, and kidneys were studied with 10 of the pyridine com- 
pounds. Several tissues were found to be the sources of the uri- 
nary-14C, with the lungs being the most accessible source. Some 
compounds had effects a t  doses less than the LDzs’s, as shown by 
increased hexobarbital sleeping time in acute experiments with 
rats. These pyridine compounds were initially considered to act a t  
the level of the nicotinamide dinucleotides in the normal biosyn- 
thetic pathway (nicotinic acid site) and/or a t  the level of glycohy- 
drolase (nicotinamide site). In view of the inclusion of nicotinic 
acid, nicotinamide, salicylic acid, and phenylbutazone in this cor- 
relation between toxicity and 7-1%-nicotinamide mobilization, it 
is not necessary that the formation of compounds analogous to the 
nicotinamide dinucleotides plays a significant role in the toxic 
manifestations of the nicotinamide analogs. The displacement of 
7-14C-nicotinamide dinucleotides from their corresponding apoen- 
zymes with subsequent metabolism of the dinucleotides could ex- 
plain the noted increased 7-14C-nicotinamide dinucleotide turn- 
over and depletion which led to the toxic effects. 


Keyphrases Coenzyme depletion-effects of 17 compounds, 
motor activity, sleeping time, toxicity, therapeutic effects, coen- 
zyme binding site Toxicity-pyridine compounds, salicylates, 
phenylbutazone, nicotinic acid site, nicotinamide site, coenzyme 
binding site Metabolism-nicotinamide, coenzymes, nicotin- 
amide dinucleotides, apoenzymes Drug-biomolecule interac- 
tions-drug toxicity and vitamin coenzyme depletion, symposium 


Interactions-drugs with biomolecules, symposium 


Since initial toxicity studies (1, 2), McDaniel et al. 
(3) described niacin and seemingly anomalous antini- 
acin or toxic effects of 3-acetylpyridine and several 
attempts have been made to reconcile such dispari- 
ties. Thus, antiniacin properties were considered in 
compounds related to nicotinic acid (niacin) and nic- 
otinamide (niacinamide) (4-6). Since these studies 


with nicotinamide and some possible antimetabo- 
lites, attention has been focused on the nicotinamide 
dinucleotides’ (NAD and NADP). The production of 
analogs and/or alterations in the concentrations of 
these dinucleotides have been considered as possible 
explanations of the antiniacin effects of 3-acetylpyri- 
dine (5-9) and of 6-aminonicotinamide (10). 


It has been reported that nicotinamide administra- 
tion results in increased levels of liver NAD, with 
maximal increases a t  8-12 hr after the administration 
of 250 mg/kg ip to the mouse (11) and 1 g/kg ip to the 
rat (12). The latter study showed a relationship 
among the increased nicotinamide (23-fold), nicotinic 
acid (65-fold), and NAD (11-fold) levels in the liver 
after nicotinamide administration. This induced syn- 
thesis is in accord with the normal biosynthetic path- 
way (Scheme I), wherein the in uiuo hydrolysis of nic- 
otinamide would furnish the nicotinic acid. 


Moreover, compounds other than nicotinic acid 
and nicotinamide have been reported to increase 
liver NAD levels. Kaplan et al. (11) showed that the 
administration of 3-methylpyridine (0-picoline) af- 
forded a higher liver NAD level and more rapid rise 
to maximal effect than did nicotinamide. This in- 
crease could possibly be explained as a consequence 
of the continuous in uiuo oxidation of 3-methylpyri- 
dine to nicotinic acid, with resultant NAD biosynthe- 
sis. Alternatively, and perhaps concomitantly, the 3- 
methylpyridine could cause a general tissue depletion 
of NAD whose mobilization could lead to the liver 
levels of NAD described. 


Nicotinamide and related substances lend them- 
selves readily to studies relating biological effect and 
biochemical change, since the normal biotransforma- 
tions of nicotinamide have been intimately defined in 
regard to NAD biosynthesis (13) and to nicotinamide 


1 The phrase nicotinamide dinucleotides will include the oxidized (NAD 
(nicotinamide adenine dinucleotide) and NADP (nicotinamide adenine di- 
nucleotide phosphate)] and corresponding reduced forms (NADH and 
NADPH) since quantitative assessments of the amounts of the individual 
substances have not been performed. 
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Composite Membrane Estradiol Implant 


RENfC BLOCH”, PERRY F. KRAICER*, HANA BINDER, and 
ESTHER LOBEL 


Abstract The diffusion and permeability of large organic mole- 
cules through polymeric films were investigated, specifically the 
passage of estrogen through films of polyethylene, silicone, or a 
composite of these two films. Such systems are of interest because 
of the possibility of constructing a biocompatible implant that  re- 
leases a hormone a t  a controlled and desired rate. Diffusion and 
permeability coefficients through implants of a desirable size- 
successfully tested in rats-were measured by the “time lag” 
method of diffusion, and solubility coefficients were determined 
by the method of sorption kinetics. Independently derived values 
were in good agreement. An interesting observation was made with 
implications for the controlled release from membrane-based drug 
delivery systems. Permeability coefficients of estrogen are orders 
of magnitude higher when estrogen is present as a solid rather than 
in a dilute solution, while diffusion coefficients are equal. This 
finding is explained by the considerably higher partial vapor pres- 
sure of estrogen in the former case. In fact, control of the partial 
vapor pressure of the encapsulated drug is a powerful method for 
controlling its release rate. 


Keyphrases Estradiol-polyethylene-silicone composite im- 
plant, diffusion, permeability, and solubility coefficients, release 
patterns 0 Polymeric films-polyethylene-silicone composite, use 
as estradiol timed-release implant Estrogens-release patterns 
of estradiol from polyethylene-silicone composite implant 0 Im- 
plants-estradiol polyethylene-silicone composite, use as a timed- 
release device 


The development of an implant that would permit 
timed release of steroids has been the subject of nu- 
merous publications (1-7). In general, it has been 
found that the best encapsulating material for this 
application is a silicone elastomer. The physicochem- 
ical properties governing the rate of steroid release 
through a silicone membrane are most favorable (6- 
8). Other characteristics of the silicone that recom- 
mend its use for implants are its compatibility with 
tissues, mechanical strength, and flexibility. 


For certain applications, however, the rate of re- 
lease from a silicone elastomer implant is too great. 
For example, for estrogens it would be advantageous 
to restrict the rate of release to micrograms per day 
while retaining the outer coating of silicone elastomer 
with its excellent biocompatibility. 


In this study, it was shown that a composite mem- 
brane of polyethylene coated with silicone elastomer 
is suitable for the fabrication of such implants. Estra- 
diol (free alcohol) was chosen since it is the natural 
estrogen and therefore would be rapidly catabolized. 


The diffusion behavior of estradiol in polyethylene 
and silicone membranes was evaluated by using both 
dry powdered estradiol and ethanolic solutions. On 
the basis of the diffusion behavior, implants suitable 
for rats were constructed and tested. 


THEORETICAL 


Transport across membranes as used in this study is governed 
by Fick’s first law. From this law the release rate of a device con- 


taining a permeant a t  a defined concentration, C, can be computed 
by inserting the appropriate boundary conditions: 


where Mt is the mass of drug released, dMtldt  is the steady-state 
release rate, A is the membrane surface, the product DK is the 
membrane permeability as D is the diffusion coefficient, and K is 
the partition coefficient. 


The mathematical expression for the time lag, L ( l l ) ,  which can 
be derived from differentiation of the steady-state expression, is: 


8 2  


L = C  
6D 


By plotting Mt against time, the intercept L of the steady-state 
portion of the plot on the time axis gives the diffusion coefficient 
D. From the slope of the linear part dMt/d t ,  the permeability coef- 
ficient DK can be computed. 


Independently, the diffusion and solubility Coefficients were de- 
termined by adsorption and desorption of steroid vapors into the 
membrane. 


The following equation for sorption kinetics (11) limited to very 
short times was used: 


(Eq. 3) 


where Mt is the amount of drug adsorbed at time t ,  and M, is the 
maximum amount of drug adsorbed into the membrane. From this 
equation, by plotting M J M ,  uersus t or fi the diffusion coeffi- 
cient can be computed from the initial slope. 


The solubility, S, of the steroid in the membrane can be calcu- 
lated from the maximum amount adsorbed, M,, per unit mem- 
brane (grams of steroid per gram of polymer). 


In cases where a polyethylene membrane was coated with a sili- 
cone membrane, it was assumed that the diffusion through the sili- 
cone membrane could be neglected because the permeability 
through the polyethylene was a few orders of magnitude smaller 
than through the silicone and was, therefore, the rate-determining 
step. 


EXPERIMENTAL 


Diffusion and Sorption Experiments-Composite mem- 
branes of polyethylene’ coated with a silicone rubber2 were pre- 
pared by dissolving the silicone elastomer latex plus polymeriza- 
tion catalyst in chloroform at a concentration of 25% and by 
spreading a thin film on a polyethylene sheet with a membrane 
casting knife. A uniform layer was obtained with a dry thickness of 
60-80 pm. Heat-sealed polyethylene bags were dipped in the same 
silicone coating solution and then floated overnight on a saturated 
aqueous sodium chloride solution, when polymerization of the sili- 
cone was complete. 


The diffusion of estradio13 through silicone4 rubber membranes, 
polyethylene films, and composite polyethylene membranes coated 
with silicone was measured by using a thermostated diffusion cell 
of Perspex in which the membrane separated two compartments. 
One compartment was filled with a dilute solution of estradiol in 
ethanol, and the other was filled with ethanol. Solutions were mag- 


Plastics U.S. Ltd., Holon, Israel. 


Ikapharm, Israel. 
Midland Silicones Ltd., Reading, U.K 


* Silastic 382 medical grade elastomer, Dow Corning Corp., Midland, 
Mich. 
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Figure 1-Total amount, F, of estrogen diffusing through a 
polyethylene bag as a function of time. Key: .,0, duplicate 
experiments with two polyethylene bags. 


netically stirred. The amount of estrogen appearing after diffusion 
into the second compartment as a function of time was analyzed. 
Diffusion experiments were made at 25'. 


In a different type of experiment, 25 mg of estradiol was sealed 
by heat into a polyethylene bag with a surface area of 2 cm2. The 
estrogen diffusing from the inside of the bag into a bath of alcohol 
as a function of time was analyzed. Some of these bags were coated 
with silicone. 


Adsorption and desorption of estrogen on membranes were mea- 
sured with an automatic recording vacuum ultrami~robalance~ 
(with an accuracy of fl X g) connected to a vacuum system 
containing solid estrogen. The membrane adsorbing or desorbing 
estrogen as a function of time was weighed. Estradiol was assayed 
by UV spectrophotometrf or by GC7 of the diacetyl derivative (9, 
10). 


Animal Experiments-The ability of double-membrane encap- 
sulated implants to provide physiological levels of estrogen was 
tested in ovariectomized adult albino females ratss (4-5 months of 
age). They were ovariectomized through a pair of lumbar incisions 
using ether anesthesia. Their vaginal smears showed persistence of 
leukocytes for 21 days. 


A subcutaneous implant containing estradiol was made; after 
ether anesthesia, a small incision was made in the skin at the nape 
of the neck. The implant was placed under the scalp, between the 
ears. 


RESULTS AND DISCUSSION 


Diffusion and Sorption Kinetics-A typical time lag diffusion 
experiment showing the flux of estradiol through two polyethylene 
membranes as a function of time is illustrated in Fig. 1. The total 
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Figure 2-Total amount, F, of estrogen diffusing through a 
silicone membrane as a function of time. 
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Figure 3-Total amount, F, of estrogen diffusing through a 
polyethylene membrane coated with silicone as a function of 
time. 


areas of the polyethylene bags were 3.7 and 3.2 cm2, respectively. 
The membrane thickness was 96 pm. From this plot, the diffusion 
coefficient, in addition to the solubility of estradiol in polyethylene 
(being equivalent to its partition coefficient from a saturated solu- 
tion), was computed. 


Figure 2 shows a similar experiment for a silicone membrane 
having an area of 19.6 cm2 and a thickness of 70 pm. The same plot 
for a composite polyethylene-silicone membrane, the polyethylene 
being exposed to the estrogen solution, is shown in Fig. 3. A typical 
sorption kinetic experiment showing the fractional amount of es- 
trogen adsorbed and desorbed in a silicone membrane as a func- 
tion of time is illustrated in Fig. 4. Figure 5 shows the same data 
for a polyethylene film; the fractional release is plotted as a func- 
tion of the square root of time and straight lines are observed. 
From these plots, diffusion coefficients and solubilities for estro- 
gen in the various membranes used also were computed. In the 
case of sorption experiments, the estrogen was always in a solid 
form, but its relatively high vapor pressure mm Hg) enabled 
it to be evaporated into the vacuum system connected to the mi- 
crobalance, which was used to weigh the membranes during the ex- 
periment. 


A summary of fluxes, diffusion coefficients, and solubilities com- 
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Figure 4-Adsorption and desorption of estrogen on a silicone 
membrane as a function of time. Key: 0, adsorption; and 0, 
desorptwn. 
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Figure 5-Adsorption and desorption of estrogen on a poly- 
ethylene membrane as a function of time. Key:  U, adsorption; 
and 0, desorption. 
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Table I-Solubilities, Diffusion Coefficients, and  Fluxes for Estrogen" through Silicone Membranes at Thickness 1 


D x 107 J x 1 0 2  Tempera- 
Method* S X lo3 cm2/min pg/min cm2 C, % 1, rm ture System 


s.k. 2 .27 1 . 7 6  70 33 O Membranevapor  
s.k. 2 .55  1 . 4 5  70 30 O M em brane-va por 
s.k. 1 .07  1 .65  70 26' Membranevapor  
s.k. 0 . 9 9  1 . 0 5  70 25 O Membrane-vapor 
t.1. 6 . 9  6 0.166 50 25 O Solut ion-membrane solvent 
t.1. 4 . 7  5 0 .128  70 25 O Solution-membrane solvent 
t.1. 3 . 6  3 . 5  0 .102  70 25 O Solution-membrane solvent 


The feed system is either an estrogen solution in alcohol or solid estrogen in powder form. * 6.k. = sorption kinetics; t.1. = time lag method. 


Table II--~Solubilities, Diffusion Coefficients, and  Fluxes for Estrogen* through Polyethylene Membranes of Thickness 1 


D x 109 J x 105 
Methoda S X lo4 cm2/min pg/mincm2 


s.k. 0 . 9 4  1 . 2 8  
s.k. 1.75  2 . 7  
s.k. 1 . 3 4  3 . 7  
s.k. 1 . 6 7  2 . 3  
t.1. 3 . 4  0 . 7 7  
t.1. 6 . 7  1 . 9 7  
t.1. 4 . 4  1 . 4  
t.1. 3 . 3  26 
t.1. 3 . 4  28 


Tempera- c, % 1, rm ture  System 


96 25 O 


96 25 O 


96 25 a 
96 25 O ~~ 


0.102 96 250 
0 .105  38 25 O 


0.105 53 25 O 


96 25' 
96 25 O 


Membranevapor  
Membranevapor  
Membranevapor  
Membranevapor  
Solution-membrane solvent 
Solution-membrane solvent 
Solution-membrane solvent 
Solid-membrane solvent 
Solid-membrane solvent 


a The feed system is either an estrogen solution in alcohol or solid estrogen in powder form. * s.k. = sorption kinetics; t.1. = time lag method. 


puted from both time lag and sorption kinetic experiments is given 
in Tables I and 11. It can be seen that the diffusion coefficients ob- 
tained from the time lag method and from sorption kinetics were 
different. From sorption kinetics, they were 2.5 times smaller than 
those found by the time lag method for silicone membranes and 
1.3 times smaller for polyethylene membranes. The fact that dif- 
ferent results for the diffusion coefficient have been obtained by 
different measurement methods is not extraordinary but in line 
with other findings (12, 13). A plausible explanation (12) is that 
nonstationary states of flow may not yield meaningful values of the 
interdiffusion coefficients for internally viscous polymeric media, 
since relaxation processes may take place in the polymer matrix 
which, in turn, influence the diffusion coefficient. In a steady-state 
measurement, all relaxation processes must have died away before 
a steady state can be established. The diffusion coefficient for es- 
trogen through a silicone membrane depends on its concentration 
in solution. 


Table I11 summarizes a comparison of fluxes of estrogen in a 
0.1% alcohol solution through a polyethylene membrane and 
through a silicone-coated polyethylene membrane. It is apparent 
that coating with silicone does not affect the flux of the drug 
through polyethylene. Furthermore, solid estradiol yields a flux 
that is 35 times higher than that of estrogen in a solution of 0.1%. 


Table 111-Comparison of Fluxes of Estrogen through a 
Polyethylene Membrane and  through a Polyethylene 
Membrane Coated with Silicone 


J, g cm - 2  min - l  Diffusion System 


7 . 7  x 10-6 Solution-polyethylenesolvent 
7 . 6  X Solution-polyethylene : siliconesolvent 
2 . 6  x 1 0 - 4  Solid-polyethylenesolvent 
2 . 3  x 10-4 Solid-polyethylene : siliconesolvent 


~~ - 


Table IV-Diffusion Coefficients Obtained from Time Lag 
Experiments as a Function of Estrogen Concentration for 
Silicone Membranes with a Defined Thickness 


1, r m  D X lo7, cm2/min c, % 


70 3 . 6  0 .102  
70 4 . 7  0 .128  
50 7 0 .166  


(A saturated solution of estradiol in alcohol is 0.23%.) This surpris- 
ing result is explained by the higher vapor pressure of pure solid 
estradiol than of the 0.1% estrogen dissolved in alcohol and by the 
change of phase from a gas to a liquid system. 


The fluxes of estradiol through the membrane as a function of 
its concentration in a solution and membrane thickness were also 
determined and found to be in agreement with Fick's law (Table 
IV). The distribution coefficient of estrogen between alcohol and 
silicone as computed from the time lag experiment was found to be 
0.47; for polyethylene, it was 0.011. 


Animal Experiments-In a preliminary study, 12 rats were 
used. Two days after insertion of silicone-coated polyethylene bags 
containing estradiol, their vaginal smears became estrous-corni- 
fied cells plus some nucleated epithelial cells. The smears re- 
mained persistently estrous for 6 months. At autopsy, the uteri 
were found to be large. The only sign of pathology was gross en- 
largement of the pituitary in eight of the 12 rats. The persistence 
of the estrous response indicated that the implants were capable of 
sustained release of effective quantities of estradiol. 


In a second test, eight rats received estradiol implants; six others 
served as ovariectomized controls. From the 2nd day after implan- 
tation, all eight rats bearing implants had persistently cornified 
vaginal smears. The rats were killed 10 days after insertion of the 
implants. Weights of the uteri, pituitaries, and adrenals were re- 
corded. The animals were also weighed on the day of ovariectomy, 
the day of implantation, and the day of autopsy. 


The control animals weighed 178 f 4.6 g on the day of ovariecto- 
my. By the day of autopsy, they had gained 49.7 f 2.3 g, an aver- 
age of 1.4 g/day. Estrogen-treated rats weighed 187 f 4.6 g initial- 
ly; by 25 days after ovariectomy, they had gained 34.2 f 2.7 g, an 
average of 1.4 g/day. During the 10 days following insertion of tbe 
implants, they lost 18.2 f 2.7 g. This weight loss is believed to re- 
flect the increased activity and decreased appetite associated with 
estrus. Ovariectomized rats are known to fatten due to relative in- 
activity. 


Table V-Effect of a n  Estradiol Implant on Organ Weights 
(in mg/100 g Body Weight) of Ovariectomized Rats 


Organ With  Implant Control 


Uterus (drained) 235 =k 1 5 . 4  47 f 3 . 4  
6 . 1  & 0 . 4 4  Pituitary 9 . 3  + 0 . 3 6  


Adrenals 26 =t 4 . 4  21 & 0 . 8 7  
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The estradiol released from the implant maintained the weights 
of the uteri, increased pituitary weights significantly, and had no 
effect on the adrenal weights (Table V). Five of the eight uteri 
from the estrogen-treated rats were distended with fluid at au- 
topsy-further evidence of unopposed estrogen action. All of these 
findings confirm that the implants were able to maintain a physio- 
logically significant level of estradiol in the treated rats. 


No inflammations were observed after 8 months of subcuta- 
neous residence. 


CONCLUSIONS 


The diffusion, flux, and solubility coefficients of estrogen are 
100, 1000, and 10 times, respectively, higher through silicone than 
through polyethylene. The values of diffusion coefficients of estro- 
gen through the membranes derived independently by the time jag 
method and by sorption kinetics were in good agreement. Coating 
of silicone on polyethylene had no influence whatever on the flux 
of estrogen through it. 


An interesting phenomenon observed during this study was that 
permeability coefficients through the membranes were orders of 
magnitude higher when estrogen was present as a solid rather than 
in solution, while the diffusion coefficients found by the time lag 
method were equal in both cases. This finding can be explained by 
the fact that a larger concentration gradient within the membrane 
is established in the former case partly because the absolute con- 
centration may be higher in the vapor phase above the solid and 
partly because of larger distribution coefficient in favor of the 
membrane. The existence of this phenomenon indicates that con- 
trol of the partial vapor pressure of the encapsulated drug is a 
powerful method for controlling its release rate. 


An implant of desirable size regulating the flux of estrogen 
through a polyethylene membrane, coated with silicone, was pre- 
pared based on these findings. This implant can be successfully 
used in rats. 
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Hypothermic Response following Administration of 
2-Amino-4-pentenoic Acid (Allylglycine) 


R. L. LILIEDAHL, C. F. RYAN, and R. W. PIEPHOX 


Abstract Intraperitoneal administration of allylglycine resulted 
in a hypothermic response in rats. A t  a dosage of 90 mg/kg, a sig- 
nificant decrease in temperature was noted at  4 and 8 hr after ad- 
ministration, but no significant difference was noted a t  12 hr. The 
same dose administered intraperitoneally to decapitated rats did 
not result in a hypothermic response, and intraventricular admin- 
istration resulted in a rapid onset of hypothermia after 1 hr. These 
findings are indicative of a central site of action for the allylgly- 
cine-induced hypothermia. Quantitative assay of hypothalamic 
monoamines (norepinephrine, serotonin, and dopamine) did not 
show any significant changes at 4,8, and 12 hr postadministration 


when compared to controls. A significant decrease in hypothalamic 
y-aminobutyric acid was noted at each of these time points when 
compared to controls. These data suggest an important role for y- 
aminobutyric acid in mammalian thermoregulatory control. 


Keyphrases 0 Allylglycine (2-amino-4-pentenoic acid)-effect of 
intraperitoneal and intraventricular administration on hypother- 
mic response in rats 0 Hypothermia-effect of intraperitoneal and 
intraventricular administration of allylglycine, rats Thermore- 
gulation-effect of allylglycine intraperitoneal and intraventricu- 
lar administration on hypothermic response, rats 


Feldberg and Myers (1) first proposed that body 
temperature was regulated by a fine balance in the 
release of catecholamines and serotonin in the anteri- 
or hypothalamus. The hypothesis was based on the 
responses to intraventricular injection of these agents 
in the cat. Subsequent investigations showed that 
there is a distinct species variation in the tempera- 


ture response, both in magnitude and direction of 
change, when these agents are administered by the 
intraventricular route. Feldberg and Lotti (2) showed 
that intraventricular administration of small doses of 
norepinephrine in the rat resulted in an increased 
body temperature, while larger doses had an opposite 
action. Intraventricular or intracisternal administra- 
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Contact Angles on Human Skin 


Keyphrases Contact angles-human skin, previously developed 
equations discussed Skin, human-determination of contact an- 
gles, equations 


To the Editor: 


Several reports of contact angle measurements of 
various liquids on human skin have appeared in re- 
cent years (1-4). Although these papers differed in 
the reported values of the contact angles, especially 
for water, there was general agreement that human 
skin behaves as a low energy solid. Rosenberg et al. 
(3) made their measurements on specially cleaned 
viable and excised skin and calculated the surface en- 
ergy of skin due to dispersion forces ( y p )  using Eq. 
1: 


0%. 1) 
-YL. + 2 i m -  xs 


C O S B  = 
Y L  - X L  


where 0 is the contact angle, y~ is the surface tension 
of the liquid, y~~ is the dispersion force component 
of the surface tension of the liquid, TS is the reduc- 
tion in surface energy of the solid due to adsorption 
of vapor from the liquid drop, and TL is the reduction 
in surface tension of the liquid due to spreading of 
the solid. The investigators assumed TS and TL to be 
negligible, as is often done when dealing with low en- 
ergy surfaces. 


Similarly, El-Shimi and Goddard (4) neglected 
these spreading terms in their analysis of the disper- 
sion force ( y p )  and polar (78) contributions to the 
surface energy of skin, using Eq. 2: 


4YSPYLP 
-v .  + 


In addition to the symbols previously defined, y~~ is 
the polar contribution to the surface tension of the 
liquid. 


Skin presents a complex surface whose properties 
are influenced by a variety of endogenous, secreted, 
and excreted substances. Mono-, di-, and triglycer- 
ides and free fatty acids are among the lipids found 
most abundantly on the skin (5); these substances are 
known to spread on water, lowering its surface ten- 
sion significantly (6). According to a recent report, 
sweat collected from thermally stimulated subjects 
had surface tension values lower than that of water 
by about 13-19 dyneslcm, depending on the skin re- 
gion used (7). 


There is, therefore, good reason to think that TL 
may have a value other than zero in many cases. The 
value of TL will be a function of the liquid, the nature 
of the skin area, the history (or pretreatment) of the 
skin sample, and the area of contact between the liq- 
uid drop and the skin. If the spreading process is 
time dependent, then the contact angle will decrease 
with time, an effect observed by one investigator (1). 
The large variation found in the contact angle of 
water on skin (1-4) is probably related to differences 


in lipid adsorption at  both the water-air and skin- 
water interfaces. 


Unfortunately, neither Eq. 1 nor 2 is adequate for 
quantitating the effect of skin surface lipids on the 
contact angle. Equation 2 does not contain TL. Equa- 
tion l does contain TL, but no provision is made for 
changes in adsorption a t  the solid-liquid interface. 
For liquids whose contact angles are greater than go”, 
Eq. 1 predicts that a rise in TL will cause an increase 
in the value of the contact angle. Actually, the oppo- 
site takes place (8). 


Thus, it  appears that approaches that have been 
successful in characterizing other low energy surfaces 
are of only limited usefulness when applied to skin. 
More data on the adsorption of surface lipids would 
be helpful in understanding wetting and spreading on 
skin. 
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Variability in System for Automated 
Determination of Dissolution Rate 


Keyphrases Dissolution rates-automated determination, anal- 
ysis of data, variability Automated analysis-dissolution rates, 
analysis of data, variability 


To the Editor: 


Recently, Johnson et al. (1) described a continu- 
ous-flow system for the automated determination of 
dissolution rates. The major obstacle encountered in 
any continuous system, i.e., assuring the measure- 
ment of a clear solution free of extraneous particles 
which cause turbidity in the solution and cloud the 
surfaces of the flow cells, was overcome by the incor- 
poration of filter units into the system, utilizing dis- 
posable Teflon or polyvinyl inserts. 


The authors (1) reported excellent agreement be- 
tween the dissolution rates obtained by an automat- 
ed system and by manual measurements. According 
to these investigators, their instrumentation can 
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Effect of Aging on Physical Properties of 
Phenylbutazone Tablets 


D. BARRETT * and J. T. FELL * 


Abstract 0 A study was made of the influence of age on the physi- 
cal properties of phenylbutazone tablets BP, with special reference 
to in uitro dissolution rates. Past batches of tablets showed a pro- 
gressive decrease in dissolution rate with age. This effect could be 
simulated in short periods by using elevated temperatures. The ef- 
fect appears to be connected with the subcoat layer of the sugar 
coating of the tablet which adheres more strongly to the tablet core 
and slows down its disintegration. 


Keyphrases 0 Phenylbutazone tablets-effect of aging on physi- 
cal properties Aging-effect on physical properties of phenylbu- 
tazone tablets 0 Stability-effect of aging on physical properties 
of phenylbutazone tablets Dissolution rate-effect of aging, 
phenylbutazone tablets 


The effects of storage time and temperature on 
such tablet properties as hardness and disintegration 
time have been examined (1-5). The results were 


tained in a 2-liter beaker (13-cm diameter, 19 cm high) was 1 liter 
of simulated intestinal fluid USP without pancreatin, maintained 
at  37 f 0.5'. The fluid was stirred with a Perspex paddle consist- 
ing of three blades (2 cm long, 1.3 cm high) set a t  an angle of 30" to 
the vertical on a 1.5-cm diameter shaft. This paddle was immersed 
centrally in the dissolution fluid to a depth of 2.7 cm below the 
surface of the fluid and 4.8 cm from the bottom of the beaker. The 
paddle was driven a t  a constant speed of 75 rpm. 


The colored outermost layers of the sugar coat were removed by 
washing prior to dissolution to prevent any possible interference 
with the assay. The tablet was placed centrally in the fluid, and 2- 
ml samples were withdrawn at  suitable time intervals and filtered'. 
After suitable dilution, the samples were assayed spectrophoto- 
metrically for phenylbutazone at 264 nm. Each tablet was allowed 
to dissolve in its entirety. The excipients present in the tablet, 
other than the color, did not interfere with the assay. 


Disintegration Time-This was measured using the disinte- 
gration apparatus of BP 1973, using 250 ml of simulated intestinal 
fluid without pancreatin a t  37O. The disintegration times of the 
tablets were determined individually. 


Tablet Strength-The strength of the tablet cores was mea- - I 


highly dependent on the formulation under study. sured by diametral compression using a standard testing instru- 
merit'. Tensile failure was not observed in all cases, and the results 
are expressed as the mean breaking load of five individual deter- ~l~~ and parrott (6) recognized the importance of 


dissolution rate and the possible effect that changes 
in this property with time may have on bioavailabili- 


minations, 


ty. In a study using hydrochlorothiazide tablets, they RESULTS AND DISCUSSION 
showed a close correspondence between changes in 


temperatures 
and those Occurring after prolonged storage at room 
temperature. Retardation of dissolution rate was also 


The results from the dissolution studies were interpreted by ap- 
parent first-order kinetics as derived by Wagner (15). Plots of log 
(percent undissolved) against time gave straight lines, the slopes of 
which were taken as a measure of the dissolution rate. The data 


rate Occurring at 


reported (7) for sodium salicylate tablets, and a pos- 
sible effect with acetaminophen tablets was men- 
tioned (8). 


The present study was undertaken to examine the 
effect of age on the physical properties of phenylbu- 
tazone tablets BP. These tablets are sugar coated, 
and both the cores and the sugar-coated tablets have 
been examined. Several studies examined the in vitro 
dissolution behavior and in vivo availability of vari- 
ous brands of phenylbutazone tablets (9-13). Wide 
variations between brands were noted, but the influ- 
ence of the age of the product does not appear to 
have been taken into account. 


EXPERIMENTAL 


Tablets-All tablets examined were 100-mg phenylbutazone 
tablets prepared to B P  standards. A series of both cores and coat- 
ed tablets with varying manufacturing dates were obtained which 
had been prepared according to the same formulation and stan- 
dards. Relevant information is given in Table I. 


The most recently manufactured batch was subjected to con- 
trolled temperature studies. Tablets were stored in tightly sealed, 
well-filled bottles and were exposed to temperatures of 20 (repre- 
senting an even room temperature), 37, and 50". Tablets stored at  
elevated temperatures were allowed to attain room temperature 


were plotted down to 10% undissolved; lines were fitted to these 
plots by the method of least-squares linear regression using a desk 
computer3, programmed accordingly. Correlation coefficients indi- 
cated that a significant linear correlation existed ( p  = 0.05) in all 
cases. 


Experiments with tablets in which interference by the color was 
not a problem indicated that the preliminary washing did not af- 
fect the slopes of the dissolution plots. Parameters such as a t : ~  
value, which would include a lag time with the sugar-coated tab- 
lets, were not used because these would be affected slightly by the 
washing procedure. 


The slopes of these plots for tablets manufactured at  different 
times are given in Table I. There was a continuing decrease in the 
mean regression line slope with age for both the cores and the 
sugar-coated tablets. The most marked change, however, occurred 
with the sugar-coated tablets. These results, of course, must he 
treated with caution because initial dissolution rates are unknown 
and the differences may merely be due to interbatch variation. 
However, the progressive decrease in dissolution rate strongly 
suggests an aging effect. 


The vastly greater change in dissolution rate for the sugar-coat- 
ed tablets than for the cores indicates that if an aging effect is 
present, it is in some way connected with a change in the sugar 
coat. Visual observation of the tablets in the dissolution apparatus 
showed different "break-up" patterns for tablets of different ages. 
All of the cores and the more recently manufactured sugar-coated 
tablets disintegrated readily. 


With Batch 02/70, there was a tendency for fragments of the 
core to adhere to the subcoat. With Batches 05/69 and 04/69, the 


before testing and were stored at 20' until all tests were com- 


dent on storage temperature. 
Dissolution Studies-Tablet dissolution was studied by the 


beaker method of Levy and Hayes (14). The dissolution fluid, con- 


pleted. Testing was carried out at suitable time intervals depen- 
Millipore filters (o,45 crm), Millipore U,K, London NWIO 7sp, 


United Kingdom. 
2 Floor model, Instron Ltd., High Wycombe, United Kingdom. 


Model 9810 A, Hewlett-Packard, Loveland, CO 80537 
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Table I-Results from Past Batches of Tablets  
~~ ~~ ~~ 


Tab le t  Cores Sugar-Coated Tablets  


M e a n  (SD) Mean (SD) Mean (SD) Mean (SD) of 
Batch of Regression of Disintegration Strength,  of Regression Disintegration 


Numbera Line Slopes Time,  min  kg  Line Slopes Time,  min  


07/72 -0,0319 (0.00427) 5 . 8  (1.76) 3.13 -0,0250 (0.00217) 9 . 7  (1.93) 
03/71 -0.0220 (0.00214) 11.6 (1.89) 1.97 - 0.0221 (0 ,00207) 19.4 (1.78) 
02 170 - 0.0206 (0,00099) 1 . 5  (0.40) 1.24 -0,0194 (0.00195) 9 . 5  (0.80) 
05/69 -0,0193 (0.00171) 1 . 2  (0.19) 1.76 - 0 ,0059 [O ,00326) 15" 
04/69 -0,0183 (0.00187) 4 .7  (1.69) 2.05 - 0 ,0022 (0.00091) -40" 


Dates of manufacture. Cores: 0T/i2, Dec. 1972; 03/71, Mar. 1971; 02/70, Mar. 1970; 06/69, May 1969; and 04/69, Apr. 1969. Sugar coated: 07/72 
Jan. 1973; 03/71, Apr. 1971; 02/70, Apr. 19'iO; 05/69, May 1969; and 04/69, May 1969. '' Disintegration times could not be determined more precisely due to 
the teudency of fragments of the tablet core to adhere to  fragments of the subcoat, making it difficult to detect the end-point of the test. 


Table 11-Results from Tablets  Stored at Controlled Temperatures  


Tab le t  Cores Sugar-Coated Tablets 
M e a n  (So) M e a n  (SD) Mean (SD) Mean (SD) 


Conditions Line Slope Time, min k g  Line Slope Time, min 
Storage of Regression of Disintegration Strength,  of Regression of Disintegration 


- 0.0235 (0.00292) 13 .8  (5.13) 2.06 -0.0274 (0.00346) 7 .6  (1.86) Initially 
20", 6 weeks -0,0254 (0.00211) 14.4 (4.39) 2.33 -0,0272 (0,00179) 8 . 1  (4.10) 
20:, 14 weeks -0.0248 (0.00271) 14 .1  (4.61) 2.41 - 0 ,0283 (0 ,00369) 7 . 9  (1.67) 
37 , 3 weeks - 0.0259 (0.00265) 7 .7  (2.03) 2.61 -0,0260 (0,00153) 6 . 9  (1.66) 


2.96 -0.0272 (0,00215) 6 .9  (2.09) 
37:, 14 weeks - 0.0241 (0.00261) 10 .6  (2.27) 2.75 - 0.0240 (0.00258) 8 . 7  (2.17) 
50 , 2 weeks -0,0223 (0,00123) 12.7 (5.82) 3.13 - 0.0252 (0 ,00276) 7 . 5  (2.51) 
50" 4 weeks - 0.0237 (0.00133) 1 5 . 1  (4.67) 3.06 - 0.0288 (0 ,00228) 16.4 (7.84) 
50': 6 weeks - 0.0223 (0.00333) 13.5 (6.46) 3 .OO - 0.0231 (0.00665) 20.8 (8.67) 
50", 9 weeks - 0.0240 (0.00241) 14 .1  (4.76) 3.01 - 0.0151 (0.00373) -25,a 
50°, 14 weeks - 0 ,0231 (0.00203) 13.9 (5.01) 2.98 -0,0115 (0.00510) -40<' 


37", 6 weeks - 0.0234 (0.00144) 9 . 9  (2.12) 


See Table I. 


tablet split into two halves, and these persisted throughout the 
test. The subcoat appeared to adhere to the core and prevent i t  
from breaking up completely, thus impeding dissolution. Differ- 
ences in the extent of this adherence would account for the greater 
spread of results noted with these tablets. 


In the case of Batch 04/69, the core showed continued resistance 
to break up even after the tablet coat had broken away. This could 
have been due to the presence of a film of adhesive material from 
the coating process on its surface. 


The strength and disintegration times of these tablets are given 
in Table I. A progressive change in disintegration time with age of 
manufacture was not apparent with the tablet cores. Of the sugar- 
coated tablets, Batch 03/71 had a high disintegration time, not in 
keeping with its dissolution rate, but Batches 05/69 and 04/69 both 
had disintegration times that may be correlated with their extend- 
ed dissolution times. The values of the breaking loads of the tab- 
lets did not show any trend with age. 


The results from the controlled temperature studies are given in 
Table 11. In the 14-week storage period, the dissolution rate from 
the tahlet cores remained essentially unchanged. Sugar-coated 
tablets stored at 20 and 37" were similar, but those stored a t  50" 
showed an aging effect. Results after 14 weeks of storage a t  50" 
show an increasing reduction in dissolution rate with a wider 
spread in the values. These results agree qualitatively with those 
from the tablets manufactured during the past 5 years. 


The break-up pattern of the tablets stored a t  50" was similar to 
that observed with the older tablets. Again it appeared that the in- 
nermost subcoat was in some way impeding tablet break up and 
dissolution. Tablet subcoats are often a gelatin-acacia mixture, the 
materials that both Alam and Parrott (6) and Kristofferson and 
Keto (7) found were most susceptible to aging effects when used as 
granulating agents. 


No appreciable change in disintegration times for cores stored a t  
20 or 50" was noted, although there appeared to be a decrease in 
those stored a t  37'. For the sugar-coated tablets, storage a t  20 or 
37' did not affect the disintegration time, except for 14 weeks a t  
37", but an increase was observed a t  50" which may be related to 
the decrease in dissolution rate. The strength of the tablet cores 
rose with storage a t  all temperatures to a constant value. This in- 


crease does not appear to be related to dissolution rate or disinte- 
gration time, as was also observed previously (6). 


The results presented indicate an aging effect with phenylbuta- 
zone tablets that  appears t o  be connected with the subcoating of 
the sugar coat. This raises the possibility of the effect being pres- 
ent in other sugar-coated tablets. The use of elevated temperatures 
enables qualitative simulation of the aging in short time periods. 
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5 -C hloro-2 - pyrimidinyl Analog of Dantrolene 


THOMAS J. SCHWANx and K. 0. ELLIS 


Abstract 1-115 -(5 -Chloro - 2 - pyrimidinyl)furfurylidene]amino)- 
hydantoin, a structural analog of the skeletal muscle contraction 
antagonist dantrolene, was synthesized and found to have no skel- 
etal muscle relaxant activity. 


Keyphrases Dantrolene-synthesis and screening for muscle 
relaxant activity of 5-chloro-2-pyrimidinyl analog 0 1-1 [5-(5-Chlo- 
ro - 2 - pyrimidinyl)furfurylidene]amino)hydantoin-structural an- 
alog of dantrolene, synthesized and screened for muscle relaxant 
activity 0 Muscle relaxant activity-5-chloro-2-pyrimidinyl ana- 
log of dantrolene 


The unique skeletal muscle relaxant activity of 
dantrolene, 1-1 [5-(p-nitrophenyl)furfurylidene]ami- 
nolhydantoin (I), has been demonstrated (1,2). It has 
been pharmacologically categorized as a skeletal 
muscle contraction antagonist (3). 


The 5-chloro-2-pyrimidinyl group was shown to re- 
place effectively the p- nitrophenyl moiety in a series 
of nonsteroidal hypocholesterimic agents (11) (4). 
Thus, the 5-chloro-2-pyrimidinyl analog of the proto- 
type was desired for evaluation for skeletal muscle 
relaxant activity. 


DISCUSSION 


Although the requisite 5-(substituted phenyl)-2-furaldehydes 
were prepared previously by coupling of the appropriate diazoni- 
um salt with furfural (5). reaction of diazotized 5-chloro-2-amino- 
pyrimidine with furfural failed to give the desired aldehyde (111). 
Accordingly, an alternate route to 111 was devised. 


Condensation of furamidine hydrochloride with mucochloric 
acid, using the general procedure of Budesinsky (6), gave 5-chloro- 
2-(2-furyl)-4-pyrimidinecarboxylic acid (IV), which was smoothly 
decarboxylated to 5-chloro-2-(2-furyl)pyrimidine (V) (Scheme I). 


Formylation of V gave the aldehyde 111, the structure of which is 
supported by NMR data. Although the NMR spectrum does not 
completely rule out a 2,3-orientation of substituents in the alde- 
hyde, previous studies in these laboratories showed that 2-phenyl- 
furan is formylated a t  the 5-position of the furan ring (7). Thus, a 
2,5-disubstituted structure was assigned to 111. 


Treatment of 111 with I-aminohydantoin hydrochloride gave VI, 
the 5-chloro-2-pyrimidinyl analog of I. 


In gross observational testing in mice similar to that described 
by Irwin (8), VI caused no measurable skeletal muscle relaxation in 
oral doses up to 1600 mg/kg PO. Furthermore, there was no indica- 
tion of CNS activity or acute toxicity. 


Direct skeletal muscle contraction antagonism was tested in the 
curarized pithed rat gastrocnemius muscle preparation (9). Com- 
pound VI did not affect the twitch response of the gastrocnemius 
muscle over a dose range of 1.0-25 mg/kg iv, indicating that it had 
no skeletal muscle contraction antagonism activity. 


EXPERIMENTAL' 


5-Chloro-2-(2-furyl)-4-pyrimidinecarboxylic Acid (1V)- 
Two solutions were prepared: Solution A contained 852 g (15.78 
moles) of sodium methoxide in 6360 ml of methanol, and Solution 
B contained 903 g (5.34 moles) of mucochloric acid in 2285 ml of 
methanol. 


T o  a solution of 1150 g (7.83 moles) of furamidine hydrochloride 
in 2610 ml of methanol stirred a t  55O was added rapidly 3800 ml of 
Solution A. The reaction was endothermic. The mixture was re- 
heated to 55'. and 1625 ml of Solution B was added while the mix- 


0 


1 


I1 


' Melting points were determined on a Mel-Temp apparatus and those 
below 230' are corrected. IR spectra were determined as mineral oil mulls 
using a Perkin-Elmer 137B spectrophotometer. The  NMR spectrum was ob- 
tained on a Varian A-60A instrument and was compared with tetramethyl- 
silane as an internal standard. 
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If the drug participates in a chemical reaction in the compart- 
ment fluid phase of the physiological system, such effects may con- 
tribute to either alteration of corresponding element of vector X 
of Eq. 1 or, in principle, change an n-compartment model to be- 
have as an ( n  + 1)-compartment model. These considerations will 
be discussed in future publications; for the present, it is concluded 
that such a phenomenon is capable of possibly explaining certain 
tvpes of “aDeriodic biological oscillatorv” after effects observed - _  - 
with certain drugs in physiological systems. 


APPENDIX 


Defining the quantities c and [by: 


6 = + ca,,/v,, 
i- = c + k,,, 


one has: 
w = kLO - t 


Equations 22a-2% of Ref. 1 can now be expressed as: 


C , ( J , / ? )  = - ( P J  + P A  - i- 
C1(J , /q )  = ( P I  + CCJ) + r 
C J J J ? )  = +PI + P L )  - r 


J ,  = (PI - & ) ( P ,  - P J  


J ,  = (PI - Pi)(P, - PI) 


J ,  = (1, - VJKP1 - P J  


(Eq. A l a )  
(Eq. A lb )  


(Eq.  A2) 


(Eq. A3a) 


(Eq. A3b) 


(Eq. A3c)  


(Eq. A3d) 


(Q. A3e) 


0%. A3f)  


The J,’s, 7 ,  and { are positive definite. The decay constants are 
distinct and are negative definite. They may be ordered such that  


their magnitudes satisfy the inequalities oflplJ > lpd > I p d .  
I t  is evident that both C1 and C3 are negative when the magni- 


tude of < is greater than - ( P I  + pz)  [greater than -(p2 + p3) ] .  Be- 
cause of the constraint expressed by Eq. 216 of Ref. 1, CZ should 
be positive definite, which is assured by Eq. A3b. 


The condition imposed by Eq. 12 for the existence o f t  I *  is that 
the ratio (1 + r3m)/(1 + rzm) should be positive. This condition is 
evidently satisfied if the roots of cubic Eq. 19 of Ref. 1, r2 and r3, 
are both positive and have a magnitude less than k z 0 .  This condi- 
tion is also satisfied if both rz and r3 are negative, provided the 
magnitudes of rzm and r3m are greater than unity. I t  is also satis- 
fied if either r2 or r3 is negative, provided the product of negative 
root and m has a magnitude less than unity. 


When a13 is greater than kzo ,  from Eq. 17c of Ref. 1 it follows 
that R = -(rlrzrd is negative. This requires that, when r l  is neg- 
ative, r2 and r3 must have opposite signs. 
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Potential Anticancer Agents 11: Antitumor and 
Cytotoxic Lignans from Linum album (Linaceae) 


S. G. WEISS *. M. TIN-WA *. R. E. PERDUE, Jr.*, and 
N. R. FARNSWORTH*= 


Abstract A phytochemical study of Linum album (Linaceae), 
guided by bioassay with the 9KB cell culture, resulted in the isola- 
tion of podophyllotoxin and a new lignan, 3’-demethylpodophyllo- 
toxin; a- and P-peltatins were identified by comparative TLC. 


Keyphrases 0 Linum album (Linaceae)-isolation and identifi- 
cation of antitumor and cytotoxic lignans Lignans-isolation 
and identification from L. album, screened for anticancer and cy- 
totoxic properties 0 Anticancer agents, potential-isolation and 
identification of antitumor and cytotoxic lignans from L. album, 
screened for activity 


Linum album was found to be active against the 
P-388 leukemia and 9KB cell assay system in a ran- 
dom collection screening program for new anticancer 
agents. The chloroform extract of L. album yielded 
podophyllotoxin, a- and P-peltatins, and a new lig- 
nan, 3’-demethylpodophyllotoxin. Based upon spec- 
troscopic data, a structure was proposed for 3’-de- 
methylpodophyllotoxin, which was verified by prepa- 
ration of a derivative of known structure. The lignans 


podophyllotoxin, a- and P-peltatins, and 3’-demeth- 
ylpodophyllotoxin were shown to be a t  least partially 
responsible for the antitumor and cytotoxic activity 
of L. album extracts. 


EXPERIMENTAL’ 


Biological Activity-An ethanolic extract of L. album was 
evaluated for cytotoxicity; it was found active against Eagle’s 9KB 
carcinoma of the nasopharynx in cell culture (ED50 = 2.3, 2.5, and 
1.4 pg/m1)2 and showed in uiuo activity against the P-388 lympho- 
cytic leukemia in mice (T/C 136, 126, and 108 a t  133, 88, and 88 
mg/kg, re~pectively)~. Test  methods employed were those of the 
Drug Research and Development Branch of the National Cancer 
Institute (1). 


I The plant material used in this investigation consisted of the whole 
plant of L. album Kotschy ex Boiss. (Linaceae), collected in Iran during July 
1970 and provided by Dr. T. Fakouhi. Department of Pharmacology, Pahla- 
vi University, Medical School, Shiraz. Iran. Voucher specimens were identi- 
fied by R. E. Perdue and are deposited in the Herbarium of the U S .  Depart- 
ment of Agriculture, Beltsville, Md. 


An active fraction is one that exhibits an E D s  6 20 pg/ml. 
An active fraction is one that exhibits a T/C of 2125%. 
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Fractionation of the initial plant material into Fractions A, C, 
and D (Scheme I) showed that the activity was mainly concentrat- 
ed in Fraction A (1.8 pg/ml in the 9KB system and T/C values in 
mice infected with the P-388 leukemia of 130, 125, and 125 a t  
doses of 400, 200, and 100 mg/kg, respectively). Fraction C was cy- 
totoxic (ED50 = 1.4 pg/ml) as well as toxic in mice infected with 
the P-388 leukemia a t  doses of 100-400 mg/kg. Fraction D was in- 
active in the 9KB and P-388 systems. These data are presented in 
Table I. 


Fractionation of P lan t  Material-A sample of whole plant 
material (6.6 kg) was continuously extracted in a Lloyd extractor 
with petroleum ether (bp 3040") until the extract was colorless. 
This extract was then concentrated to a viscous, light-brown syrup 
weighing 82 g (Fraction A). The defatted plant material was air 
dried and continuously extracted with methanol (3 liters), and the 
methanol solution was concentrated in UQCUO to yield 390 g of a 
thick, dark-brown syrup (Fraction B). 


Fraction B was partitioned between chloroform (6 liters) and 
water (3 liters). The chloroform fraction (Fraction C) was sepa- 
rated, dried over anhydrous sodium sulfate, and concentrated to 
dryness in U ~ C U O  to give a residue of 107 g. The aqueous phase was 
frozen and lyophilized to yield a residue weighing 280 g (Fraction 
D). 


Fractionation of Fraction C-The chloroform-soluble fraction 
( C ,  100 g) was dissolved in methanol and intimately mixed with 
250 g of silica gel PF254. Following evaporation of the methanol in 
uacuo, the powdered mixture was slowly added to the top of a chlo- 
roform slurry-packed column containing 3.0 kg of silica gel PFz54. 
Elution was initiated with chloroform, and 4.0-liter fractions were 
collected. 


The eluent was changed to solvents of increasing polarity as the 
fractions were monitored by spraying the developed plates with 


Table I- Anti tumor and Cytotoxic Screening D a t a  
on L. album 


T u m o r  Systems 


9KB P-388 
ED5", DoselPercentb, 


Ex t rac t  Fract ion d m l a  (mg/kg) / (T/C) 


50% ethanol BOO1 2 . 3  133/136 
2 . 5  88/126 
1 .4  


A 1 . 8  400/130 
200/125 
100/125 


C 1 . 4  400/TTc 
200/TT 
lOO/TT 


200/110 
100/110 


50% ethanol BOO2 1 . 4  88/108 


D 100 .0  400/95 


" An active fraction is one that exhibits an EDaa 5 20.0 pg/ml. b A n  
active fraction is one that exhibits an increase in survival time 2125%. 
TT = too toxic. 


Table 11-Chromatographic Separation of Fract ion C 


P-388", 


~~ ~ ~~~~~~ 


1-4 Chloroform 1 . 7 9  100 .0  130/90 
5 Chloroform 1 6 . 2  1 2 . 0  100/135 
6 Chloroform 2 0 . 8  6 . 9  100/135 
7 Chloroform 2 . 4  6 . 0  140/140 


8-13 Chloroform- 13.0 7 9 . 0  400/135 
methanol  
(1: 1) 


a Each fraction was 4.0 liters. *An active fraction is one that exhibits an 
An active fraction is one that exhibits an increase in EDso S 20 pg/ml. 


survival time g125yc. 


sulfuric acid and heating a t  120' for 10 min. The fractions were 
combined into five groups having different TLC patterns and were 
subsequently assayed for 9KB and P-388 leukemia activity (Table 
11). 


Detection of a-Peltatin and 8-Peltatin-A 55-mg sample de- 
rived from fraction 6 (Table 11) gave a strong positive phenol test 
with diazotized p-nitroaniline spray reagent (2). To remove the 
phenolic constituents from this mixture, the sample was dissolved 
in ether (10 ml) and extracted with 10 ml of 10% sodium carbonate 
solution. The sodium carbonate solution was then acidified with 
concentrated hydrochloric acid, and the acidic solution was ex- 
tracted with ethyl acetate. 


After drying the organic phase over anhydrous sodium sulfate, it 
was filtered and evaporated to dryness in uacuo to yield a residue 
(31 mg). TLC analysis of this sample indicated that it was a com- 
plex mixture of phenolic compounds. Co-TLC with reference a- 
peltatin and &peltatin revealed the presence of these two com- 
pounds in the sample4. Both peltatins gave a reddish color when 
sprayed with diazotized p-nitroaniline. 


a-Peltatin gave an Rf value of 0.30 in benzene-95% ethanol (9:1), 
0.20 in benzene-chloroform-methanol (10:50.5), and 0.10 in meth- 
ylene chloride-ethyl acetate (5:l); 0-peltatin gave RI values of 0.40, 
0.25, and 0.15, respectively, in these three solvent systems. The 
complexity of the sample and the small quantity precluded further 
purification. 


Isolation of Podophyllotoxin-Fraction 6 (Table 11) was fur- 
ther chromatographed to yield several subfractions, which con- 
tained podophyllotoxin (I) as indicated by co-TLC with reference 
podophyll~toxin~. However, these combined samples (278 mg) 
proved complex and exhibited a green color. These subfractions 
were partitioned between petroleum ether and 10% aqueous meth- 
anol in an attempt to simplify the mixture. Only the aqueous 
methanol fraction showed the presence of podophyllotoxin. 


The residue (220 mg), after evaporation of methanol, was dis- 
solved in benzene (2 ml) and ~hromatographed~. Elution with 1 


plant  material  (6.6 kg) 


petroleum ether 


petroleum I ether (A) marc 


(P-388 active) 
(cytotoxic), 


82 g 


methanol (B) 


ch1orofo:m (C) 
(P-388 active) 


(cytotoxic), 
107 g 


Scheme I 


I 
water  (D) 
(inactive),  


280 g 


Supplied by Dr. J. L. Hartwell, Drug Research and Development, Na- 


Twenty grams of Florisil F-101 packed in benzene, Fisher Scientific 
tional Cancer Institute, Bethesda, Md. 


Co.. Fair Lawn, N.J. 
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Table 111-NMR Spectra  of 3'-Demethylpodophyllotoxin" 


Multiplicity, Chemical Multiplicity,  
P ro ton  Chemical Shift ,  J, H z  Shift ,  J, H z  


Assignment 6, PPm (in CDC13) Integrat ion 6, ppm (in Benzene-&) Integrat ion 


-. Aliphatic 2 .75-3.55 Mult iplet  2 - 


Aliphatic 4 . 5 5  Mult iplet  2 - 
Methylene- 5.99 Singlet 2 - 


Ar-OCH3 3 . 8 2  Singlet 6 3 . 5 5  Singlet  
3 . 5 8  Singlet  
- 
- 


3 
3 
~- 


dioxy 
Aromatic  6 . 0 1  Doublet 1 6 . 2 8  Doub le t  1 


Aromatic 6 . 4 5  Singlet 1 6 . 4 0  Singlet  1 
Aromatic 6 . 7 8  Doublet 1 6 . 9 7  Doub le t  1 


Aromatic 7 . 1 8  Singlet 1 7 . 1 0  Singlet  1 


(J = 2 Hz) (J = 2 Hz)  


(J = 2 H z )  (J = 2 Hz)  


The spectra were recorded at 60 MHz. 


liter of benzene removed the green color. Subsequent elution with 
chloroform (1 liter) and evaporation of the eluant in uacuo afford- 
ed a pale-yellow residue (154 mg). Crystallization and recrystalli- 
zation of. this material, using benzene-petroleum ether, yielded 
white crystals (30 mg), m p  115-120'. 


A UV6 spectrum exhibited absorption with Amax at 292 nm (log 6 


3.29), and bands in the IR spectrum7 (KBr) at urnax 3400 (OH) and 
1750 (lactone) cm-' were observed. The mass spectrum8 showed a 
molecular ion a t  rnle 414 (100%). The IR, mass spectral, and TLC 
properties were identical with those of podophyllotoxin (3-5), and 
there was no depression of the melting point following a mixed 
melting-point determination. The absolute configuration of I has 
recently been determined by X-ray analysis (6). 


Isolation and Characterization of 3'-Demethylpodophyllo- 
toxin-Fraction 6 from the first silica gel column (Table 11) gave a 
positive test with diazotized p-nitroaniline spray reagent (2). Sub- 
sequent purification of this fraction, using another silica gel PFz54 
column, afforded a semipurified material (99 mg) containing a 
phenolic component. The sample was dissolved in chloroform (1 
ml), applied to a 2.0-mm thick silica gel PF254 plate, and developed 
with ethyl acetate-petroleum ether (9:l). 


The zone corresponding to R f  0.70 was removed, eluted with 
methanol, and filtered, and the filtrate was taken to dryness in 
uacuo. The resulting pale-yellow amorphous solid (30 mg), m p  
85-105", gave a UV absorption with A,,, at 289 nm (log c 3.30). in- 
dicative of a podophyllin derivative (5); important bands in the IR 
(KBr) spectrum were a t  urnax 3400 (OH), 1760 (lactone), and 1590 
(aromatic) cm-'. TLC of the isolate on silica gel G gave R/ 0.65 
using 1-butanol-acetic acid-water (4:l:l) and Rf 0.25 using ethyl 
acetate-methanol (95:5). The color produced with diazotized p- 
nitroaniline spray reagent was bright orange. 


The mass spectrum of this isolate showed a molecular ion a t  mle 
400 (loo%), and the fragmentation pattern was characteristic of 
that  produced by lignan derivatives (3,4). The loss of water (M+ - 
18) (5.0%) indicated that an alcohol group was present, and frag- 
ments a t  mle 154 (23%) and rnle 167 (16%) indicated the presence 
of a phenolic group in ring D in addition to two methoxyl groups 
(Scheme 11). This suggested that the isolate might be identical 
with the known lignan 4'-demethylpodophyllotoxin (11). However, 
co-TLC and mixed melting-point determination with an authentic 
sample of 4'-demethylpodophyllotoxin eliminated this possibilityg. 


The NMR spectrum'O in CDC13 (Table 111) confirmed the pres- 
ence of two methoxyl groups, exhibiting a singlet integrating for 
six protons a t  d 3.82. Another singlet was also observed, and the 
chemical shift of 6 5.99, together with the integration for two pro- 
tons, suggested a methylenedioxy group. Comparison of this spec- 
trum with that of II9 indicated that only the aromatic region was 
different. 


In the NMR spectrum of 11, the presence of a singlet at 8 6.42, 


Recorded using a Beckman model DB-G grating UV spectrophotome- 
ter. 


'Recorded using a Beckman model IR-18A IR spectrophotometer. 
Recorded using a Hitachi Perkin-Elmer model RMU-6D mass spec- 


Supplied by Sandoz Inc., Basel, Switzerland. 
Recorded using a Varian T-60A instrument at 60 MHz. 


trometer. 


integrating for two protons, was representative of the equivalent 2' 
and 6' aromatic protons. No such absorption was observed for the 
isolate, but a pair of doublets ( J  = 2 Hz), each integrating for one 
proton, was seen at 6 6.78 and 6.01. The absorption a t  6 6.01 was 
somewhat obscured by the methylenedioxy peak at 8 5.99. Irradia- 
tion at 8 6.01 collapsed the doublet at 8 6.78 to a singlet. Back-irra- 
diation produced a similar result for the doublet at 8 6.01. 


An NMR spectrum was taken using benzene-& (Table 11) as the 
solvent, with the hope of observing solvent shifts of the aromatic 
and the hethoxyl protons. Indeed, the methoxyl protons were 
shifted and split into two singlets at 8 3.55 and 3.58, indicating that 
the methoxyl groups were nonequivalent; the fact that  they ap- 
peared as a singlet at 8 3.82 in the spectrum taken in CDCh could 
now be attributed to its characteristic in the solvent. Furthermore, 
the aromatic protons were shifted so that  the two doublets were 
observed at 6 6.28 ( J  = 2 Hz) and 6.97 ( J  = 2 Hz). A double-reso- 
nance experiment again indicated that these two protons were cou- 
pled to each other. 


These data indicated that the two aromatic protons in ring D 
were nonequivalent and meta (J = 2 Hz) to each other and also 
that the two methoxyl groups were nonequivalent. At this point, 
only five possible arrangements of the three substituents (i.e., two 
methoxyl and one OH) on ring D could be considered. 


Only one of these possible compounds would give rise to podo- 
phyllotoxin. Methylation of the isolate with diazomethane did in- 


+. 


1 OCH,, 


OCK 
rn/e 400 


3 
HO 


I 


, , , : h a  \ \  


m/e 201 
Scheme II-Mass spectral fragmentation of 3'-dernethylpodo- 


phyllotoxin 
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deed yield podophyllotoxin, hence proving that the isolate was 3’- 
demethylpodophyllotoxin (111). 


No differences were observed in the NMR spectra of the ali- 
phatic regions of I, 11, or 111, indicating that 111 has the same stere- 
ochemistry a t  the corresponding positions as I. This is the first re- 
port of the isolation of 111 from nature. 


DISCUSSION 


Podophyllotoxin (I) was reported previously to be cytotoxic in 
the 9KB system, with an EDSO of <0.01 pg/ml (7); it is active in the 
Lewis lung (LL) carcinoma system (mice) a t  a minimum effective 
dose (MED) of 2 mg/kg, giving a tumor weight inhibition of 64% 
(7). Furthermore, it is active in the P-388 leukemia system with an 
MED of -2 mg/kg, producing a 70% increase in lifespan (7). This 
cytotoxic lignan is also active in the Walker 256 (IM) carcinosarco- 
ma system; tumor weight is inhibited 73% at an MED of 6 mg/kg. 


However, podophyllotoxin has been reported to be inactive in 
the following tumor systems: sarcoma 180, adenocarcinoma 755, 
L-1210 leukemia (intraperitoneal), Friend virus leukemia, melano- 
tic melanoma, plasmacytoma No. 1, HS1 human sarcoma, L-1210 
leukemia (subcutaneous, delayed treatment), and P-1798 lympho- 
sarcoma (7). 


Other workers (8) stated that podophyllotoxin is effective 
against the L-1210 leukemia, lymphosarcoma, lymphocarcoma 2, 
mammary adenocarcinoma CSHBA, melanoma S-91, and rat carci- 
noma 1643, but experimental data were not presented. Extensive 
studies with podophyllotoxin have also been published regarding 
its effect on the sarcoma 37 in mice (9). 


Clinical experience with podophyllotoxin has been disappoint- 
ing. In the one available published study, Savel (10) reported that 
25 patients with neoplastic disease were studied, of whom 17 were 
treated to the point of bone marrow or GI toxicity with doses of 
0.5-1.0 mg/kg iv. Side effects (nausea, vomiting, diarrhea, oral ul- 
cers, and fever) were frequent. Transient, clinically insignificant 
regression of tumor masses and lymph nodes occurred in one-third 
of the patients with reticulum cell sarcoma, two-thirds of the pa- 
tients with Hodgkin’s disease, and one-seventh of the patients 
with adenocarcinoma. One patient with chronic granulocytic leu- 
kemia and rapidly enlarging adenopathy had a marked regression 
of lymph nodes and spleen size. 


a-Peltatin and @-peltatin have been found effective in treating 
the following types of tumors in laboratory animals: L-1210 leuke- 
mia, lymphosarcoma 1, lymphosarcoma 2, mammary adenocarci- 
noma CBHBA, melanoma S-91, and rat carcinoma 1643 (8). as well 
as the sarcoma 37 (9), hut neither lignan was effective against the 
Caspari mammary adenocarcinoma (1 1). However, in clinical 
trials, a-peltatin by intravenous administration was of no signifi- 
cant therapeutic value in human neoplastic disease (12). fl-Peltatin 
was clinically evaluated in children with dediastinal neuroblasto- 
ma with undramatic results (13). 


The new lignan, 3’-demethylpodophyllotoxin (III), exhibited an 
EDs0 of 1.0 fig/ml against Eagle’s 9KB carcinoma and a prolonga- 
tion of life of 130% T/C a t  a dose of 1 mg/kg against the P-388 lym- 
phocytic leukemia. 


Whereas i t  does not appear that podophyllotoxin-type lignan 


aglycones will prove to be effective chemotherapeutic agents for 
the treatment of human neoplastic diseases, certain derivatives of 
the water-soluble glycoside forms of these lignans, i.e., 4?-demeth- 
ylepipodophyllotoxin-9-(4,6-0-2-thenylidene) -8-D-glucopyranoside 
(14-19). have been used clinically with some success. 
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Drug-Biomolecule Interactions: 
Drug Toxicity and Vitamin Coenzyme Depletion 


JOHN P. BEDERKA, Jr. *x, DANIS DAVITZYANANDA $, MIKEL L. MOSES *, and 
NASIM AHMAD * 


Abstract Thirteen pyridine compounds, phenylbutazone, and 
three salicylates were studied for their effects upon the turnover of 
7-14C-nicotinamide dinucleotides in the mouse. The compounds 
were administered a t  equitoxic doses (LD25) to 7-14C-nicotinic 
acid- (niacin) pretreated mice, and the induced excretion of uri- 
nary-14C was analyzed in terms of total 14C and percentage of total 
14C as known metabolites of nicotinic acid. Of the 17 compounds, 
12 afforded significant alterations in the total 14C excreted and 
five of these caused alterations in the disposition of the 7-14C-nico- 
tinamide endogenously liberated from the 7-14C-nicotinamide ade- 
nine dinucleotide pool. Comparative depletions of 14C from brain, 
lungs, liver, and kidneys were studied with 10 of the pyridine com- 
pounds. Several tissues were found to be the sources of the uri- 
nary-14C, with the lungs being the most accessible source. Some 
compounds had effects a t  doses less than the LDzs’s, as shown by 
increased hexobarbital sleeping time in acute experiments with 
rats. These pyridine compounds were initially considered to act a t  
the level of the nicotinamide dinucleotides in the normal biosyn- 
thetic pathway (nicotinic acid site) and/or a t  the level of glycohy- 
drolase (nicotinamide site). In view of the inclusion of nicotinic 
acid, nicotinamide, salicylic acid, and phenylbutazone in this cor- 
relation between toxicity and 7-1%-nicotinamide mobilization, it 
is not necessary that the formation of compounds analogous to the 
nicotinamide dinucleotides plays a significant role in the toxic 
manifestations of the nicotinamide analogs. The displacement of 
7-14C-nicotinamide dinucleotides from their corresponding apoen- 
zymes with subsequent metabolism of the dinucleotides could ex- 
plain the noted increased 7-14C-nicotinamide dinucleotide turn- 
over and depletion which led to the toxic effects. 


Keyphrases Coenzyme depletion-effects of 17 compounds, 
motor activity, sleeping time, toxicity, therapeutic effects, coen- 
zyme binding site Toxicity-pyridine compounds, salicylates, 
phenylbutazone, nicotinic acid site, nicotinamide site, coenzyme 
binding site Metabolism-nicotinamide, coenzymes, nicotin- 
amide dinucleotides, apoenzymes Drug-biomolecule interac- 
tions-drug toxicity and vitamin coenzyme depletion, symposium 


Interactions-drugs with biomolecules, symposium 


Since initial toxicity studies (1, 2), McDaniel et al. 
(3) described niacin and seemingly anomalous antini- 
acin or toxic effects of 3-acetylpyridine and several 
attempts have been made to reconcile such dispari- 
ties. Thus, antiniacin properties were considered in 
compounds related to nicotinic acid (niacin) and nic- 
otinamide (niacinamide) (4-6). Since these studies 


with nicotinamide and some possible antimetabo- 
lites, attention has been focused on the nicotinamide 
dinucleotides’ (NAD and NADP). The production of 
analogs and/or alterations in the concentrations of 
these dinucleotides have been considered as possible 
explanations of the antiniacin effects of 3-acetylpyri- 
dine (5-9) and of 6-aminonicotinamide (10). 


It has been reported that nicotinamide administra- 
tion results in increased levels of liver NAD, with 
maximal increases a t  8-12 hr after the administration 
of 250 mg/kg ip to the mouse (11) and 1 g/kg ip to the 
rat (12). The latter study showed a relationship 
among the increased nicotinamide (23-fold), nicotinic 
acid (65-fold), and NAD (11-fold) levels in the liver 
after nicotinamide administration. This induced syn- 
thesis is in accord with the normal biosynthetic path- 
way (Scheme I), wherein the in uiuo hydrolysis of nic- 
otinamide would furnish the nicotinic acid. 


Moreover, compounds other than nicotinic acid 
and nicotinamide have been reported to increase 
liver NAD levels. Kaplan et al. (11) showed that the 
administration of 3-methylpyridine (0-picoline) af- 
forded a higher liver NAD level and more rapid rise 
to maximal effect than did nicotinamide. This in- 
crease could possibly be explained as a consequence 
of the continuous in uiuo oxidation of 3-methylpyri- 
dine to nicotinic acid, with resultant NAD biosynthe- 
sis. Alternatively, and perhaps concomitantly, the 3- 
methylpyridine could cause a general tissue depletion 
of NAD whose mobilization could lead to the liver 
levels of NAD described. 


Nicotinamide and related substances lend them- 
selves readily to studies relating biological effect and 
biochemical change, since the normal biotransforma- 
tions of nicotinamide have been intimately defined in 
regard to NAD biosynthesis (13) and to nicotinamide 


1 The phrase nicotinamide dinucleotides will include the oxidized (NAD 
(nicotinamide adenine dinucleotide) and NADP (nicotinamide adenine di- 
nucleotide phosphate)] and corresponding reduced forms (NADH and 
NADPH) since quantitative assessments of the amounts of the individual 
substances have not been performed. 
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7-'4C-nicotinamide adenine dinucleotide l-methyl-3-1'C-carbamoyl-4-pyridone 


t 
l-methyl-7-1'CC-nicotinamide 


(l-methyl-3-1'C-carbamoylpyridinium ion) 
i'-''C-nicotinamide 4 


I 


7-14C-nicotinic acid adenine dinucleotide \ 
7-"C-nicotinic acid mononucleotide / 


\ /  
7-1'C-nicotinic acid 


Scheme I-Biotransformation of 7-I4C-nicotinic acid and some urinary metabolites of 7- 14C-nicotinamide dinucleotide-derived 7- 14C- 
nicotinamide in the mouse 


metabolism (14-17). This report describes a relation- 
ship between the acute toxicities of nicotinamide, 
some analogous compounds, and some highly protein 
bound drugs and their abilities to alter the 7-14C-nic- 
otinamide turnover from the labeled nicotinamide di- 
nucleotides in the 7-14C-nicotinic acid-pretreated 
mouse. 


EXPERIMENTAL 


Chemicals-The 7-14C-nicotinic acid2 (11 mCi/mmole) exhib- 
ited a single radioactive zone at  Rf 0.2 in Solvent H. The 3-(1-hy- 
droxyethy1)pyridine was prepared according to McKennis et al. 
(18). All other chemicals were obtained from commercial sources, 
and the liquids were purified by distillation prior to use. 


Animals-Young adult female Swiss albino and Charles River 
mice, 20-32 g, and female Sprague-Dawley rats, 140-170 g, were 
used. The animals were housed at ambient conditions and allowed 
food and water ad libitum unless otherwise indicated. 


Chromatography-Paper3 chromatograms were developed by 
the descending method at  ambient temperatures in Solvent H 
[upper phase from saturated aqueous 2-methyl-1-propanol-con- 
centrated aqueous ammonia (501 v/v)] (compound and R f ) :  1- 
methylnicotinamide, 0.07; nicotinic acid, 0.18; 1-methyl-3-carbam- 
oyl-4-pyridone, 0.34; l-methyl-3-carbamoyl-6-pyridone, 0.47; and 
nicotinamide, 0.69. 


Acute Toxicity Determinations-The chemicals were admin- 
istered intraperitoneally in a volume of 0.2 ml. Pyrazinamide, 
thionicotinamide, and phenylbutazone were administered in di- 
methyl sulfoxide, and isoniazid and nicotine were administered in 
pH 4 buffer solution4. Nicotinic acid and the salicylates were dis- 
solved in aqueous sodium hydroxide, and all other chemicals were 
administered in aqueous solution. The LDz5 values were calculated 
according to the method of Litchfield and Wilcoxon (19) after a 7- 
day observation period with either five or six groups of 10-30 mice 
per treatment. 


Treatment with 7J4C-Nicotinic Acid and Other Agents- 
Groups of five mice received 7-14C-nicotinic acid (3.3 fig, 0.29 pCi) 
and were maintained under normal conditions for 24 hr. The mice 
were then divided into control and treatment groups and were ma- 
nipulated before being transferred to obtain evacuation of the uri- 
nary bladder. This manipulation involved squeezing the mouse be- 
tween the thumb and index finger a t  areas just anterior to the 
hindlimbs, with gentle pulling of the mouse clinging to a horizontal 
metal screen. 


The mice were then treated with the test chemicals at a dose 
equal to the LDzs and placed into metabolism cages. Urine was 
collected from both the control and treated groups again, with ap- 
propriate manipulation to obtain bladder evacuation at  the end of 
the 16-hr experiments. 


Radioactivity Measurements-The scintillation solution con- 
tained 5.0 g of 2,5-diphenyloxazole and 0.3 g of p-bis[2-(5-phen- 
yloxazolyl)]benzene in 1 liter of toluene. Samples were counted in 
scintillation solution containing 15 ml of cocktail and 3 ml of 
methanol. Urinary aliquots (0.1 ml) from mice pretreated with 7- 


* New England Nuclear Corp. 
Whatman No. 1. 
Beckman No. 3506. 


14C-nicotinic acid were added directly to the scintillation solution 
for counting. 


Paper chromatograms of urinary aliquots were'sectioned a t  1-cm 
intervals perpendicular to their long axes, and each section was 
placed in the scintillation solution for counting. In this manner, 
the position (Rf) of the radioactivity on the paper could also be ob- 
tained. 


Determination of Tissue-14C-At the conclusion of the 16-hr 
experiments, the mice were sacrificed with ether. The carcasses 
were then maintained at about -10' until analyzed for I4C. The 
specific tissue samples (brain, kidneys, liver, and lungs) from all 
animals (four or five) in each group were combined and placed in 
3% sodium hydroxide solution (1 g of tissue/5 ml of solution). Dis- 
solution was accomplished by shaking the tissue suspension con- 
tained in 20-ml glass vials overnight at ambient temperatures. 


To 2 g of the tissue digest were then added a solubilizer5 (3 ml), 
to obtain a pH of about 7, and 15 ml of Bray's scintillation solution 
(for aqueous samples: naphthalene, 60 g; 2,5-diphenyloxazole, 4 g; 
p -  bis[2-(5-phenyloxazolyl)]benzene, 0.2 g; methanol, 100 ml; eth- 
ylene glycol, 20 ml; and dioxane to 1 liter). 
Gross Motor Activity-The activities of the mice were quanti- 


tated in a photoactivity cage6, and cumulative counts were ob- 
tained during 30 min after the intraperitoneal administration of 
each compound to duplicate groups of five mice. Control counts 
were obtained on different mice that received only the vehicle. 


Sleeping Times-Groups of eight-12 animals were used at  each 
dose of hexobarbital (Tables I and 11). Sleeping times were record- 
ed as the time in minutes between the loss and return of the right- 
ing reflex. 


RESULTS 


Toxicity-The toxicity studies afforded the LDz5 values shown 
in Tables I1 and 111. The ratios of LD&D25 shown in Table I11 
indicate a very narrow range of slopes (1.14-1.85) for the various 
dose-response curves, except with thionicotinamide (3.42). Al- 
though the observed range of slopes is narrow, the lines cannot be 
considered parallel except for the group including 3-cyanopyri- 
dine, 3-pyridinecarboxaldehyde, pyrazinamide, 3-acetylpyridine, 
and isoniazid according to the method of Litchfield and Wilcoxon 
(19). 


During the 7-day observation periods, the mice died mainly be- 
tween 10 and 72 hr after receiving the test chemicals at a dose 
equal to the LD25. With nicotine and isoniazid, however, the sus- 
ceptible mice died within a few minutes to less than 3 hr and no 
further deaths were noted in the ensuing 7 days. The general toxic 
signs covered the spectrum, from essentially immobile mice with 
thionicotinamide to opisthotonus with nicotine. 


Phenylbutazone, the three amides (nicotinamide, pyrazinamide, 
and thionicotinamide), and the salicylates produced only sedation; 
a t  the higher doses of pyrazinamide and thionicotinamipe, paraly- 
sis of the posterior extremities was noted. With 3-cyanopyridine 
and 3-pyridylcarbinol, a slight stimulatory effect followed by a pe- 
riod of brief inactivity was seen within l hr after administration. 
However, only hyperactivity and frequent convulsions were seen 
with isoniazid and nicotine. After the administration of doses of 
3-( 1-hydroxyethy1)pyridine and 3-acetylpyridine near the LD50 


Bio-Solv BBS-2. 
sPhoto activity cage [61-cm (24411.) diameter and 38-cm (15-in.) high cyl- 


inder], Lehigh Valley Electronics, Inc., Lehigh Valley, PA 18001 
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Table I-Sleeping Times of Female Rats Pretreated with Nicotinamide and Some Related Compoundsa 


Dose, mg/kg Nicotinamide 3-Acetylpyridine 3- (1-Hydroxyethyl) pyridine 


900 17 + 2.5O.O5 -b -b 


90 22 f 3 . 2  -b -b 


45 29 f 2 . 7  30 f 1 . 8  26 f 3.1 
11 21 f 3 . 1  30 =t 2 . 2  28 f 0 . 4  
45c 40 I!Z 5.2O.O' 33 f 3 . 5  37 f 2.70.05 
45c Nicotinic acid 34 f 3.20.05 


" All drugs were administered intraperitoneally in aqueous solutions. The dose of hexobarbital was 50 mg/kg. Sleeping times are tabulated as mean =t SE 
in minutes. Statistical significance is indicated by superscripts, and the data were analyzed according to the t test. b Results were not obtainable a t  these doses 
due to deaths and the severe toxic signs during the 4 days of the experiments. C These data were obtained from acute experiments wherein the test substances 
were administered and 30 min later hexobarbital was also administered. Pretreatment a t  the other doses was carried out for 3 days orior to the administration 
of hexoharhital. 


Table 11-Relationships between Toxicity, Coenzyme Depletion, Gross Motor Activity, and  Sleeping Time in  the Mouse 


Urinary-14Cb, Motor Activityc, Sleeping-Timed, 
Compound Dose", mg/kg % Increase % Decrease mln 


Methylnicotinate 450 300 42 60 
3-Methylpyridine 250 290 74 139 
3-Pyridylcarbinol 1500 260 93 248 
Nicotinic acid 3090 190 89 203 
Pyridine-3-carboxaldehyde 720 120 92 225 
Methyl-3-pyridylcarbinol 240 52 68 287 
Nicotinamide 1940 42 95 71 
Pyrazinamide 705 40 92 86 
Salicylic acid 500 27 46 32 
3-Acetylpyridine 182 0 0 89 
Isoniazid 103 0 16 181 
Aspirin 800 0 49 34 
p-Aminosalicylic acid 1800 0 28 34 
Phen ylbutazone 210 - 25 73 79 


a Doses are equal to the IJha. b Shown as percentage increase above control, except for phenylhutazone, during the 16 hr after administration of the indicated 
compound. =Shown as the mean percentage decrease from control with two groups of five mice each in all comparisons. The maximal variability in the controls 
was f157,. d Control values were equal to 32 and 34 min in the groups of 10 mice. 


dose, an apparent mild sedation was noted, with return to normal 
activity within 20 min. During 10-24 hr after the administration of 
these latter two compounds, all signs discussed were seen in some 
mice, with deaths occurring throughout the 7-day period as de- 
scribed previously (20,21). 


Induced Excretion of I4C-The quantitative results of the in- 
duced urinary excretion of radioactivity from the 14C-labeled mice 
are shown in Tables I1 and 111. The mean (429,000 dpm) of the in- 
duced I4C-excretion values for the first six compounds in Table I11 
is significantly different ( p  < 0.001, Student t test) from the con- 
trol mean (310,000 dpm), even though one of five animals died in 
each of three of the four experiments. Similar data with these and 
some additional compounds are shown in Table 11. The induced 
excretions of 14C by nicotinic acid, 3-pyridylcarbinol, 3-methylpyr- 
idine, and methylnicotinate are much greater than the control in- 
crement. These studies indicate that 12 of the 17 compounds 
shown in the two tables at doses equal to their LD25's significantly 
altered the normal excretion of nicotinamide and/or its metabo- 
lites in the urine of the mouse. 


Patterns of Urinary I4C from 7-14C-Nicotinic Acid-Labeled 
Mice-The information on the excretion of radioactive metabo- 
lites of nicotinic acid (Table IV) extends the preliminary studies of 
Roth et al. (15) and Lin and Johnson (22). The values show that 
less than 10% of the I4C in the urine is 7-I4C-nicotinic acid. The 
control values for percent of the urinary I4C excreted as l-methyl- 
nicotinamide and pyridones show very little variation7. However, 
the values for nicotinic acid and nicotinamide in the control exper- 
iments and all four parameters in the treated groups show wide 
variations. Thus, comparisons between the control and treated 
groups can best be made in regard to percent 14C-l-methylnic- 
otinamide and percent 14C-pyridones. 


The urinary radioactivity corresponding chromatographically to 1- 
methylnicotinamide (1-methyl-3-carbamoylpyridinium ion) was shown by 
the isotope dilution technique in similar experiments (17) to be at  least 84% 
accountable as 1-"C-methylnicotinamide. Similarly, 1-methyl-3-carhamoyl- 
6-pyridone was 93% accountable as the l-14C-methyl-3-carhamoyl-6-pyri- 
done and l-methyl-3-carbarnoyl-4-pyridone was 98% accountable uia isola- 
tion as the l-14C-methyl-3-carbamoyl-4-pyridone N-oxide. 
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Five of the 11 compounds show percentages significantly differ- 
ent from the control means, thus indicating an altered disposition 
of endogenously generated free nicotinamide in the mouse. Fur- 
thermore, these effects upon 7-I4C-nicotinamide disposition are 
limited to compounds having significant effects upon total uri- 
nary-I4C except with the pH 4 buffer. 


Tissue Distribution of I4C-The relative ratios of the tissue 
specific activities for kidneys, lungs, brain, and liver are 1.0, 1.4, 
3.1, and 4.2, respectively, and can be calculated from the values in 
Table V. Of the four tissue sites, pyridine-3-carboxaldehyde alone 


Table 111-Toxicity and  W-Nicotinamide Depletion after 
the Intraperitoneal Administration of Nicotinamide and  
Some Analogous Compounds to  the Female Mouse 


U~inary- 14C 
Compound L D d ,  L D 7 5  Incrementb, 


(Molecular Weight) mg/kg LDZ5 dPm 


Nicotinic acid (123) 3087 1 . 8 5  578,000 (5) 
Nicotinamide (122) 1940 1 . 1 4  130,000 (4) 


Pyridine-3-carboxaldehyde 720 1 . 4 9  366,000 (5) 


Pyrazinamide (123) 705 1 . 3 7  125,000 (4) 
3- (1-Hydroxyethyl) pyridine 239 1 .22  160,000 (5) 


182 1 . 4 5  19,000c (5) 3-Acetylpyridine (121) 
Thionicotinamide (138) 105 3 .42  8 0 , 0 0 0 ~  (4) 


Nicotine (162) 6 . 2  1 . 6 9  13,0OOc(5) 


3-Cyanopyridine (104) 810 1 . 4 3  -110,000 (5) 


(107, 


(121) 


Isoniazid (137) 103 1 . 3 8  3, oooc (5) 


a The LD values were calculated according to the method of Litchfield and 
Wilcoxon with five or six groups, each containing 10-30 mice. A 7-day obser- 
vation period was used for determining survival or death. b These values 
indicate the differences between the control mean & SD (310,000 + 43,000 
dpm) from eight experiments and the experimentally obtained values for the 
number of mice (parentheses) that survived the 16-hr experiments. The 
control and treated groups each initially contained five mice in the I C -  
excretion studies. C These values do not differ significantly from the control 
mean; i.e., they equal less than 2 SD.  







I l l 1  
had significant effects at three sites. Nicotinamide and 3-(1-hy- 
droxyethy1)pyridine had an effect a t  one site (lungs). 


Whereas few significant decreases in the tissue specific activities 
are seen after treatment with the nine compounds, of the 36 values 
shown, only seven are above their respective control means. This 
indicates that a general mobilization is occurring, especially in the 
liver where all of the treated values are lower than the control 
mean. The lack of any significant tissue depletion after nicotinic 
acid administration was especially surprising in view of the large 
total urinary-I4C excretion shown in Table 111. 


Hexobarbital Sleeping Times in Rats-Chronic (3-day pre- 
treatment with single daily intraperitoneal administrations) ef- 
fe'cts with 3-acetylpyridine and 34 1-hydroxyethy1)pyridine were 
not seen due to death and severe toxic signs at  the elevated doses 
shown in Table I. It is comparatively shown, however, that 3-day 
pretreatment with nicotinamide, 3-acetylpyridine, and 3 4  l-hy- 
drgxyethy1)pyridine had no effects upon sleeping times. In the 
acute situation where hexobarbital was administered 30 min rather 
than 24 hr after the compound, prolonged sleeping times were seen 
except with 3-acetylpyridine. This lack of an effect is in agreemeht 
with the results shown in Tables 11-V which also show no signifi- 
cant effects of 3-acetylpyridine upon processes involving the nico- 
tinamide dinucleotides. 


Motor Activity, Hexobarbital Sleeping Time, and Toxicity 
Correlates in Mice-As described, many compounds apparently 
induced a general central nervous system depression in the mice. 
The decreases in gross motor activities and, perhaps, the increases 
in hexobarbital sleeping times (Table 11) support these initial ob- 
servations. Thus, the altered coenzyme turnover, as shown by the 
tabulated changes in urinary I4C, was accompanied by decreased 
motor activities except with aspirin (acetylsalicylic acid) and, per- 
haps, p-aminosalicylic acid since values of about 15% are within 
the variability exhibited in control groups. 


The data in Table I1 also suggest a relationship between altered 
urina*-l4C (and thus nicotinamide dinucleotide turnover) and 
sleeping time since compounds that showed low or no alteration of 
urinary-'% had small or no measurable effects upon the sleeping 
time at  the indicated doses. The first eight compounds in Table I1 
showed significant alterations in coenzyme turnover, motor activi- 
ty, and sleeping time. Phenylbutazone was the only other drug 
that similarly altered all three parameters. 


DISCUSSION 


Nicotinic Acid Site-The results in Tables 111 and IV can be 
analyzed in terms of two sites of action for seven of the 10 sub- 
stances. The largest increases in urinary-I4C excretion (Table 111) 
were obtained with nicotinic acid and pyridine-3-carboxaldehyde 
The result with nicotinic acid is interpretable as an increased syn- 
thesis and resultant turnover of NAD, with the consequent libera- 
tion of 7-I4C-nicotinamide as per the biosynthetic pathway 
(Scheme I). This normal route to NAD biosynthesis will be re- 
ferred to as the nicotinic acid site of action and was recently dis- 
cussed (23). 


As shown in Table IV, after nicotinic acid treatment, the liberat- 
ed 7-14C-nicotinamide is metabolized and excreted in the normal 
but accelerated manner since no differences in the relative per- 
centages between the control and treated values are apparent. The 
effects of pyridine-3-carboxaldehyde can be similarly explained 
since it may be metabolized to nicotinic acid in a manner analo- 
gous to the known oxidations of aldehydes to their corresponding 
acids. However, the administration of pyridine-3-carboxaldehyde 
results in an elevated level of ~4C-l-methylnicotinamide in the 
urine (Table IV). This indicates that pyridine-3-carboxaldehyde 
can alter the normal disposition of nicotinamide, perhaps competi- 
tively, in agreement with a possible action also at the nicotinamide 
site to be described. The lack of any obvious relationship between 
the toxicity and 14C-depletion with 3-acetylpyridine, isoniazid, and 
nicotine indicates that these three substances act predominantly 
a t  other than the nicotinamide dinucleotides to exert their lethal 
effects. 


Nicotinamide Site-Treatment with nicotinamide resulted 
in a significant increase in urinary-14C and a considerably altered 
disposition of endogenously liberated 7-14C-nicotinamide. Thus, 
the 7-I4C-nicotinamide entered the nicotinamide pool with the re- 
sult that little methylation of the 14C-nicotinamide occurred; 64% 
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Table V-Tissue-Specific Activities in the Mouse 40 hr after Administration of 7-l4C-Nicotinic Acid and  the  Effects of 
Treatment with LD25 Doses of Nicotinic Acid and  Related Compounds 


Compound 


Tissue Radioactivity X 10 -3, dpm/g 


Lungs Liver Kidneys Brain 


C o n t r o l *  


Treated 
6 . 0 1  f 1 . 4 3  1 3 . 0  f 1 . 9 9  4 .46  + 0.94  18.72 f 6 . 9 6  


Isoniazid 6 .76  10.08 3 .03  21.30 
Pyridine-3-carboxaldehydeb 2. 64c 4 . 6 6 ~  2.1@ 12.56 


Nicotinic acid* 5 .66  12.30 2 .78  12.49 
Thionicotinamideh 7 .06  14.12 3.40 18 .OO 
Pyrazinamide6 5 .62  15.35 2.84 20.35 
3-Acetylpyridine 3 .66  15.15 2 .66  15.59 
Nicotinamide* 5 . 2 5  8 .  53c 4 .27  10.35 
3- (1-Hydroxyethyl) pyridineb 3 .50  7 .  5 O C  3 .14  10.40 


3-Cyanopyridine* 4 .87  12.40 2.87 11.90 


~ ~~ 


0 Each control value is the mean of five control groups of five mice each =t SD,  and each treated value is the pooled value from five mice in one treatment 
group. * These compounds caused Significant alterations in 16-hr urinary excretion of '4C when administered 24 hr after 7-1'C-nicotinie acid. C These values 
differ b y  more than 2 SD from their respective control means. 


of the urinary-14C was accountable as I4C-nicotinamide and only 
11% as 14C-l-methylnicotinamide compared to the control means 
of 6% I4C-nicotinamide and 37% 14C-l-methylnicotinamide. Fur- 
thermore, essentially no 14C-pyridones were found in the urine. 


These relative percentage values indicate that the normal route 
of nicotinamide metabolism from the NAD source is from NAD to 
nicotinamide to 1-methylnicotinamide to pyridones with little nic- 
otinic acid as an intermediary since the values for 14C-nicotinic 
acid are essentially unchanged. These results with nicotinamide 
can be interpreted as the consequence of a competition between 
the administered nicotinamide and endogenous 7-1%-nicotin- 
amide at the level of glycohydrolase (EC 3.2.2.6, Scheme 11), in- 
volving 7-14C-nicotinamide-labeled endogenous NAD and the en- 
dogenous nicotinamide pool (7, 24, 25). This site of action at the 
glycohydrolase will be referred to as the nicotinamide site. 


Nucleotide Source of UrinaryJ4C-Although the effects of 
nicotinamide on urinaryJ4C excretion may be interpreted as due 
to an action at the nicotinic acid site uia the hydrolysis of nicotin- 
amide to nicotinic acid, a consideration of the results with pyraz- 
inamide, thionicotinamide, and 3 4  1-hydroxyethy1)pyridine makes 
the nicotinamide site more probable as the major site of action of 
these four compounds, since the experiments afforded similar and 
significant effects upon urinary-'% excretion (Tables I11 and IV). 
Additionally, in view of the structural differences between these 
compounds and nicotinic acid, it seems unlikely that either they or 
their metabolites could participate in the necessary enzymatic 
reactions in the biosynthetic pathway to NAD, thus causing a lib- 
eration of 7-14C-nicotinamide. 


Moreover, in view of the structural similarities especially among 
the three amides, i t  seems more plausible that a common site of ac- 
tion may be only at  glycohydrolase. A further similarity of action 


0 0 
II II 


among nicotinamide, pyrazinamide, and thionicotinamide is indi- 
cated by their alterations of the normal disposition of 7-I4C-nico- 
tinamide (Table IV). 


The increased excretion of urinaryJ4C is perhaps the result of 
washing out a circulating pool of 7-14C-nicotinamide and i ts  me- 
tabolites. However, results with 1-methylnicotinamide (Table IV) 
argue against this possible site of action. 1-Methylnicotinamide 
caused neither an increased urinary-I4C nor an altered 7-14C-nico- 
tinamide metabolite pattern in the urine. Since the administered 
1Amethylnicotinamide and its pyridone metabolites would have 
depleted any' circulating 7-14C-1-methylnicotinamide and 7-14C- 
pyridones, one can conclude that a normal turnover of the 7-14C- 
nicotinamide dinucleotides was maintained and that the slow and 
normal metabolism of 7-14C-nicotinamide was not measurably al- 
tered by l-methylnicotinamide, either directly or uia feedback in- 
hibition of NAD metabolism. 


Decreased Nucleotide Turnover-The decreased rate of 
NAD turnover, shown in Tables I1 and 111 as a decreased urinary- 
14C excretion, after 3-cyanopyridine and phenylbutazone adminis- 
tration may have several bases. Initially, 3-cyanopyridine may in- 
hibit the normal functioning of glycohydrolase and thus reduce the 
rate of NAD turnover. Additionally, the 16-hr urine volume was 
2.8 ml, the lowest volume recorded in a 2.8-21-m1 range with the 
control mean of 8.5 ml. 


The decreased urinary-14C after phenylbutazone administration 
is, however, not interpretable in terms of the two possible sites of 
action of the pyridine compounds since the chemical structures are 
apparently unrelated. However, a general action at  the enzyme 
level via allosteric effects is suggested in view of the known high 
affinity shown by phenylbutazone for serum albumin. This alloste- 
ric effect could lead to an increased binding of the coenzyme and, 
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thus, an altered turnover rate. This alternative to the nicotinic 
acid and nicotinamide sites of action is supported by the general 
depleting effects (Table V) and will be discussed. 


Coenzyme Binding Site-In view of the correlation between 
the equitoxic doses and their effects on the disposition of endoge- 
nous 7-14C-nicotinamide, a cause-and-effect relationship is sug- 
gested for 12 of the 17 compounds discussed. Since nicotinic acid 
and nicotinamide are included in this correlation, the mediation of 
the toxic signs uia abnormal dinucleotides analogous to NAD and/ 
or NADP is seemingly obviated. 


Although the dinucleotide analogs may contribute to the toxic 
manifestations, their formation in uiuo would also remove the nic- 
otinamide antimetabolites from the steady-state competition with 
nicotinamide at  the level of glycohydrolase (26). Sund (27) rea- 
soned that the nicotinamide dinucleotides are essentially com- 
pletely bound to their respective apoenzymes. Reduction in the de- 
gree of binding could lead to their metabolism, to increased turn- 
over, and to increased urinary-I4C. The loss of the apoenzyme uia 
metabolism would also be a likely consequence of coenzyme deple- 
tion. Thus, the described results could be interpreted in terms of a 
third site of action a t  the level of coenzyme binding. This action al- 
lows an explanation of all observed results with the pyridine com- 
pounds, salicylic acid, and phenylbutazone. 


The effects of nicotinamide, nicotinic acid, and 3-(l-hydroxy- 
ethy1)pyridine upon hexobarbital-induced sleeping times in the 
rat (Table I) support and extend the evidence for enzyme-related 
interactions of nicotinamide and other compounds that alter bio- 
logical functions. An allosteric effect upon microsomal drug-me- 
tabolizing enzymes has also been reported with nicotinamide (28) 
and with metyrapone (2-methyl-1,2-di-3-pyridyl-l-propanone) 
(29). 


Tissue Site of Nucleotide Depletion-It has been reported 
(7) that the administration of 3-acetylpyridine to the mouse re- 
sulted in increased levels of liver NAD which were, however, less 
than those caused by nicotinamide but more than those caused by 
nicotinic acid. The present results show that 3-acetylpyridine was 
ineffective in altering the normal disposition of 7-14C-nicotin- 
amide. Since the normal pattern of metabolites of nicotinamide 
was obtained after 3-acetylpyridine administration, the metabo- 
lism of even these small amounts of 14C-nicotinamide and 14C-l- 
methyl nicotinamide was not altered by 3-acetylpyridine. 


In contrast to the hypothesis of Herken (25), the toxicity of 3- 
acetylpyridine is, therefore, not likely related to interference in the 
normal synthesis or breakdown of NAD. Furthermore, based upon 
the normal urinary-I4C excretion after 3-acetylpyridine adminis- 
tration, the toxicologically significant existence of 3-acetylpyridine 
analogs of the nicotinamide dinucleotides seems unlikely. This 
failure to obtain any significant effect upon the disposition of 14C- 
nicotinamide after 3-acetylpyridine administration argues against 
any overall nicotinamide-depleting effect by 3-acetylpyridine. 
However, a highly specific competitive interaction of 3-acetylpyri- 
dine and nicotinamide in a small vital area of the brain could have 
gone undetected (25,301. An explanation of the so-called increases 
in liver NAD after treatment with 3-acetylpyridine would seem to 
require the existence of a unique substance very similar in chemi- 
cal and spectral properties to NAD, i.e., the “apparent liver pyri- 
dine nucleotide” suggested by Hayman et al. (8). 


The distinct differences between the results with 3-acetylpyri- 
dine and 3-( 1-hydroxyethy1)pyridine are entirely unexpected. Pre- 
vious experiments (21) with mice and rats showed that the LD50 
values for both compounds were essentially equal, and these re- 
sults were confirmed by tabulated LD25 values in this study. Fur- 
thermore, the toxic signs and time courses of these signs were in- 
distinguishable, whereas the onset times differed by 1 hr in previ- 
ous experiments (21, 24, 31, 32). However, both 3-acetylpyridine 
and 3-(l-hydroxyethyl)pyridine caused similar increases in “ap- 
parent” urinary 1-methylnicotinamide and nicotinic acid in stud- 
ies in the dog (33). 


Again, a possible explanation of these different results may be 
that 3-(l-hydroxyethyl)pyridine has a more general and 3-acetyl- 
pyridine a more specific depleting effect upon the nicotinamide- 
containing dinucleotides. This possibility is supported by the work 
on depletion of tissue-14C shown in Table V. The apparent site 
specificity shown by pyridine-3-carboxaldehyde, nicotinamide, 
and 3-( 1-hydroxyethy1)pyridine could be extended to other levels 
of biological organization. Thus, depending upon the sites of de- 


pletion, either a toxic or, perhaps, therapeutic effect could be ob- 
tained. 


Toxic versus Therapeutic Effects of Coenzyme Depletion 
-Nicotinic acid, 3-pyridylcarbinol, phenylbutazone, and the sali- 
cylates are therapeutically useful agents. The first two drugs are 
used for their vasodilator effects. The site(s) of the 14CC-depletion 
by nicotinic acid did not include the brain, kidneys, liver, and 
lungs (Table V). The vascular site was not investigated, but these 
studies are in progress with the vasodilator substances. Thus, site- 
specific coenzyme depletion could be a basis of toxic and/or thera- 
peutic effects, depending upon the binding energies of the various 
coenzyme-apoenzyme complexes (34) and the relative affinities of 
the agents for the various tissues, as shown by Chang (35) with the 
coenzyme-depleting agent streptozotocin. 


SUMMARY AND CONCLUSIONS 


This investigation was initiated to ascertain a biochemical pa- 
rameter that correlated with an acute toxic effect. The toxic effects 
of 17 compounds were studied in relation to induced changes in 
the turnover of coenzymes (nicotinamide adenine dinucleotides), 
nicotinamide metabolism, hexobarbital sleeping time, and gross 
motor activity in the mouse. Twelve of the compounds altered the 
turnover of the 14C-labeled nicotinamide dinucleotide pool in the 
mouse, with a resultant general depression of the animals. 


The increased dinucleotide turnover was discussed in terms of 
drug action at  a nicotinic acid site, a nicotinamide site, and coen- 
zyme binding site. The first two sites allow the possible incorpora- 
tion of nicotinamide analogs into the organism and the formation 
of analogs of the dinucleotides, but they also serve as routes for the 
inactivation of these pyridine compounds. The coenzyme binding 
site of action allowed the best explanation of the results. It is sug- 
gested that coenzyme depletion is a more general basis of the ac- 
tions of these drugs and toxicants. Thus, coenzyme depletion and 
concomitant metabolism of the corresponding apoenzymes may be 
a basic mechanism of drug action leading to  toxic and/or therapeu- 
tic effects. 
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The estradiol released from the implant maintained the weights 
of the uteri, increased pituitary weights significantly, and had no 
effect on the adrenal weights (Table V). Five of the eight uteri 
from the estrogen-treated rats were distended with fluid at au- 
topsy-further evidence of unopposed estrogen action. All of these 
findings confirm that the implants were able to maintain a physio- 
logically significant level of estradiol in the treated rats. 


No inflammations were observed after 8 months of subcuta- 
neous residence. 


CONCLUSIONS 


The diffusion, flux, and solubility coefficients of estrogen are 
100, 1000, and 10 times, respectively, higher through silicone than 
through polyethylene. The values of diffusion coefficients of estro- 
gen through the membranes derived independently by the time jag 
method and by sorption kinetics were in good agreement. Coating 
of silicone on polyethylene had no influence whatever on the flux 
of estrogen through it. 


An interesting phenomenon observed during this study was that 
permeability coefficients through the membranes were orders of 
magnitude higher when estrogen was present as a solid rather than 
in solution, while the diffusion coefficients found by the time lag 
method were equal in both cases. This finding can be explained by 
the fact that a larger concentration gradient within the membrane 
is established in the former case partly because the absolute con- 
centration may be higher in the vapor phase above the solid and 
partly because of larger distribution coefficient in favor of the 
membrane. The existence of this phenomenon indicates that con- 
trol of the partial vapor pressure of the encapsulated drug is a 
powerful method for controlling its release rate. 


An implant of desirable size regulating the flux of estrogen 
through a polyethylene membrane, coated with silicone, was pre- 
pared based on these findings. This implant can be successfully 
used in rats. 
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Hypothermic Response following Administration of 
2-Amino-4-pentenoic Acid (Allylglycine) 


R. L. LILIEDAHL, C. F. RYAN, and R. W. PIEPHOX 


Abstract Intraperitoneal administration of allylglycine resulted 
in a hypothermic response in rats. A t  a dosage of 90 mg/kg, a sig- 
nificant decrease in temperature was noted at  4 and 8 hr after ad- 
ministration, but no significant difference was noted a t  12 hr. The 
same dose administered intraperitoneally to decapitated rats did 
not result in a hypothermic response, and intraventricular admin- 
istration resulted in a rapid onset of hypothermia after 1 hr. These 
findings are indicative of a central site of action for the allylgly- 
cine-induced hypothermia. Quantitative assay of hypothalamic 
monoamines (norepinephrine, serotonin, and dopamine) did not 
show any significant changes at 4,8, and 12 hr postadministration 


when compared to controls. A significant decrease in hypothalamic 
y-aminobutyric acid was noted at each of these time points when 
compared to controls. These data suggest an important role for y- 
aminobutyric acid in mammalian thermoregulatory control. 


Keyphrases 0 Allylglycine (2-amino-4-pentenoic acid)-effect of 
intraperitoneal and intraventricular administration on hypother- 
mic response in rats 0 Hypothermia-effect of intraperitoneal and 
intraventricular administration of allylglycine, rats Thermore- 
gulation-effect of allylglycine intraperitoneal and intraventricu- 
lar administration on hypothermic response, rats 


Feldberg and Myers (1) first proposed that body 
temperature was regulated by a fine balance in the 
release of catecholamines and serotonin in the anteri- 
or hypothalamus. The hypothesis was based on the 
responses to intraventricular injection of these agents 
in the cat. Subsequent investigations showed that 
there is a distinct species variation in the tempera- 


ture response, both in magnitude and direction of 
change, when these agents are administered by the 
intraventricular route. Feldberg and Lotti (2) showed 
that intraventricular administration of small doses of 
norepinephrine in the rat resulted in an increased 
body temperature, while larger doses had an opposite 
action. Intraventricular or intracisternal administra- 
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Figure 1-Rectal temperature changes in urnnesthetized rats 
for control and allylglycine-treated (intraperitoneally) groups. 
Brackets denote the standard error of the mean for each point 
(n = 6). 


tion of serotonin results in a decreased body temper- 
ature. 


In 1971, Sgaragli and Pavan (3) reported that in- 
tracisternal administration of y-aminobutyric acid 
could also affect thermoregulation by causing a de- 
crease in body temperature. However, a previous 
study found that y-aminobutyric acid injected into 
the hypothalamus in much smaller doses resulted in 
an increase in body temperature (4). Thus, y-amino- 
butyric acid, which is believed to act as an inhibitory 
neurotransmitter at central synapses (5-7), also ap- 
pears to play some part in mammalian thermoregula- 
tion. 


Allylglycinel (2-amino-4-pentenoic acid) was 
shown (8) to possess convulsant activity when admin- 
istered to rats. Dose-response relationships in mice 
(9) showed that a dose of 100 mglkg was fatal to one 
out of 20 animals tested, while 17 of 20 died at  200 
mg/kg. Subsequent studies (10) indicated that allyl- 
glycine, administered at  a dose of 150 mglkg to rats, 
caused an inhibition of glutamic acid decarboxylase 
and resulted in a 40% decrease in the concentration 
of y-aminobutyric acid in the cerebral cortex. 
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Figure %-Rectal temperature changes in decapitated rats for 
control and allylglycine-treated (intraperitoneally) groups. 
Brackets denote the standard error of the mean for each point 
(n = 4 ) .  
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Figure 3-Rectal temperature changes in unanesthetized rats 
for control and allylglycine-treated (23 pg intraventricularly) 
groups. Brackets denote the standard error of the mean for each 
point (n = 6) .  


In' light of these known effects of neurotransmitter 
alteration on thermoregulation, the purposes of this 
investigation were to: ( a )  administer allylglycine to 
the rat and study the effects of decreased y-amino- 
butyric acid level on thermoregulation, and ( b )  corre- 
late these effects with changes in the central levels of 
the neurotransmitters believed to be important in 
thermoregulation-uiz., norepinephrine, serotonin, 
and dopamine. 


EXPERIMENTAL 


Male albino rats2, 200-250 g, were housed for 1 week and fasted 
overnight prior to experimentation. The experiments were con- 
ducted over a 12-hr period each day, from 7:30 am to 7:30 pm to 
avoid problems of circadian fluctuation; such fluctuations in hy- 
pothalamic levels of y-aminobutyric acid are known to occur (11). 
Rats were housed individually on the day of the experiment to pre- 
vent interaction with other rats. 


Ambient temperature (23.5 + 0.5") was maintained throughout 
the experiment. The colonic temperature of each rat  was recorded 
every 4 hr over 12 hr uia a rectal temperature probe3 inserted 6 cm 
into the colon, allowing 2 min for adjustment to proper tempera- 
ture while the aqimal was restrained in a small plastic cage. All 
drugs were administered in a volume of 0.1 m1/100 g body weight. 
Saline solution, 0.9%, served as a control. 
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Figure 4-Level of norepinephrine in the hypothalamus of 
control (0) and allylglycine-treated (intraperitoneally) (0) 
groups. Brackets denote the standard error of the mean for each 
point (n = 6) .  


1 Sigma Chemical Co., St. Louis, Mo. 
Sasco Co., Omaha, Neb. 
Yellow Springs Instrument Co. 
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Figure 8-Level of serotonin in the hypothulamus in control 
(0)  and allylglycine-treated (intraperitoneally) (0 )  groups. 
Brackets denote the standard error of the mean for each point 
(n = 6) .  


To determine the central or peripheral sites affected by allylgly- 
cine in causing a temperature alteration, decapitated rats were 
used following the procedure of Weis (12). Rats were anesthetized 
with pentobarbital in a dose of 75 mg/kg ip. The trachea was can- 
nulated and artificial respiration was initiated. The jugular veins 
and carotid arteries were ligated. The neck was clamped with a 
powerful hemostat to compress all ancillary vessels, and the head 
was cut off. The animals then were allowed to stabilize for 2 hr. In- 
traperitoneal injections of 0.9% saline or allylglycine were adminis- 
tered, and rectal temperature was monitored for 4 hr as previously 
described. 


Cannulas were implanted into the lateral ventricles of anesthe- 
tized rats for the intraventricular administration of allylglycine. A 
26-gauge needle, cut to proper length with a blunt end, was im- 
planted stereotaxically into the ventricle at a point 2.5 mm lateral 
and 1 mm posterior to the bregma and secured to the skull with 
dental cement. A 30-gauge needle served as an injection cannula 
and occluding stylet. Then 1 week after the cannulas were im- 
planted, 10 ~1 of either 0.9% saline or 0.2 M allylglycine was inject- 
ed over 2 min and rectal temperature was monitored as previously 
described. Methylene blue was injected following the experiment 
for confirmation of the injection site. 


Following the recording of rectal tempematures, 12 rats (six con- 
trol and six allylglycine treated) were sacrificed by decapitation at  
0, 4, 8, and 12 hr postadministration. The hypothalamus was re- 
moved following the procedure of Glowinski and Iversen (13), im- 
mersed in liquid nitrogen, and weighed. The tissue samples were 
wrapped in aluminum foil and stored at  - 2 O O .  A method of solvent 
extraction coupled with alumina adsorption (14) was utilized for 
the assay of the monoamines. The fluorometric enzyme-coupled 
technique of Graham and Aprison (15) was used for y-aminobutyr- 
ic acid assay. 


RESULTS 


The intraperitoneal administration of allylglycine at 90 mg/kg 
caused a significant ( p  < 0.05) decrease in rectal temperature, A T  
= -3.1 and -1.l0, when compared to the control group at 4 and 8 
hr, respectively, postadministration (Fig. 1). A small, but insignifi- 
cant, increase in rectal temperature was noted at  12 hr in the allyl- 
glycine-treated group when compared to the control. 


At the dose of 90 mg/kg, compared to the 150-mg/kg dose used 
by Alberici et al. (lo), no convulsions were seen and only three of 
24 animals showed increased activity postadministration. All ani- 
mals survived the 12-hr test period. 


Intraperitoneal administration of allylglycine to the decapitated 
rat did not significantly decrease rectal temperature (Fig. 2). No 
significant change was noted at 1, 2, 3, and 4 hr after administra- 
tion of either allylglycine or 0.9% saline. 


Intraventricular administration of 10 pl of 0.2 M allylglycine re- 
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Figure 6-Level of dopamine in the hypothalamus in control 
(0) and allylglycine-treated (intraperitoneally) (B) groups. 
Brackets denote the standard error of the mean for each point 
(n = 6) .  


sulted in a rapid decrease in temperature, with a significant ( p  
<0.05) decrease after 1 hr that lasted through 4 hr postadministra- 
tion when compared to controls (Fig. 3). No significant tempera- 
ture changes were noted in the control animals. 


The data from the monoamine assay of the hypothalamic tissue 
show that allylglycine administration, 90 mg/kg ip, does not result 
in any significant changes in the levels of norepinephrine (Fig. 4). 
serotonin (Fig. 51, or dopamine (Fig. 6) a t  4,8, or 12 hr postadmin- 
istration. However, a significant (p < 0.05) decrease in the hy- 
pothalamic y-aminobutyric acid level does occur a t  4.8, and 12 hr 
postadministration (Fig. 7) when compared to control animals. 


DISCUSSION 


The absence of a significant decrease in rectal temperature in 
the decapitated animals treated with allylglycine suggests that this 
agent is causing its hypothermic action by acting at central ther- 
moregulatory sites. With access to these sites eliminated by decap- 
itation, any influence of the central thermoregulatory centers is re- 
moved, so the possibility that allylglycine causes hypothermia by 
affecting purely peripheral thermoregulatory mechanisms can be 
ruled out. This supposition of a purely central role in allyglycine 
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Figure 7-Level of 7-amirwbutyric acid in the hypothalamus 
in control (0) and allylglycine-treated (intraperitoneally) (0) 
groups. Brackets denote the standard error of the mean for each 
point (n = 6) .  
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hypothermia is strengthened by the rapid onset of decreased tem- 
perature noted in intraventricularly injected rats (1 hr) as com- 
pared to  intraperitoneally injected ones (4 hr). 


The current theory of thermoregulatory control by the delicate 
balance of release of the two opposing monoamines, norepineph- 
rine and serotonin, from the hypothalamus was mentioned pre- 
viously. The results of this study indicate that no significant 
changes in the hypothalamic levels of norepinephrine or serotonin 
occurred a t  any time point after allylglycine and suggest that  allyl- 
glycine affects monoamine turnover but causes no changes in con- 
tent or that alteration of central y-aminobutyric acid content pro- 
duces this hypothermia. However, studies have shown that it is 
difficult to correlate a change in body temperature with a change 
in the hypothalamic levels of the putative neurotransmitters-uiz., 
norepinephrine and serotonin (16, 17). Here again, it may not be 
possible to propose a direct correlation between the temperature 
response seen and the hypothalamic tissue levels of the monoam- 
ines at  the chosen time points of 4,8, and 12 hr postadministration 
of allylglycine. 


The studies of Alberici et  al. (10) indicated that at  2-2.5 hr after 
administration of allylglycine, ultrastructural changes in the nerve 
endings of the cerebral cortex occurred, resulting in a reduction in 
the number of synaptic vesicles. Such alterations affected Fraction 
D of the glutamic acid decarboxylase-rich (nonaminergic) nerve 
endings obtained through subfractionation on a sucrose gradient 
(18). The fact that glutamic acid decarboxylase is inhibited in uiuo 
and in uitro by allylglycine suggests that the decrease in y-amino- 
butyric acid induced by this agent is directly related to the effect 
on the synthesizing enzyme, glutamic acid decarboxylase. 


Allylglycine would also be expected to  inhibit the high activity 
of this enzyme in the hypothalamus a t  the dose of 90 mg/kg as 
compared to the 150-mg/kg dose used by Alberici et  al. (lo), since 
significant (p < 0.05) decreases in the y-aminobutyric acid content 
of the hypothalamic tissue were found in this study (Fig. 7). The 
greatest decrease in y-aminobutyric acid, as compared to controls, 
was observed at  8 hr after allylglycine administration, followed by 
the 12- and 4-hr time points. Alberici et  al. (10) completed their 
studies at  2-2.5 hr after allylglycine administration, since this was 
the time point noted for the greatest convulsive activity a t  the 
150-mg/kg dosage. The time course of action of these effects on 
neuronal integrity of y-aminobutyric acid neurons and glutamic 
acid decarboxylase is consistent with the time course of the allyl- 
glycine-induced hypothermia. 


The greatest decrease in rectal temperature occurred 4 hr after 
allylglycine administration. The temperature of the animals then 
began to increase; at  12 hr, the allylglycine-treated group had an 
increased body temperature when compared to the control group. 
Thus, maximal allylglycine-induced hypothermia (at 4 hr) does 
not correlate with the greatest decrease in hypothalamic y-amino- 
butyric acid levels (8 hr), but this maximum decrease a t  4 hr may 
be caused by the ultrastructural changes in the nerve endings that 
could occur prior to the change noted a t  4 hr. If the terminals are 
damaged and there is a reduction in the number of synaptic ves- 
icles that store y-aminobutyric acid, the initial release of y-amino- 
butyric acid from the terminals may cause a postsynaptic stimula- 
tion of mechanisms that results in an inhibition of thermogenesis 
and/or an increased dissipation of body heat. The continued inhi- 


bition of glutamic acid decarboxylase by allylglycine can explain 
the further decrease in y-aminobutyric acid levels at 8 and 12 hr. 
However, it would appear that after the 4-hr time point, a mecha- 
nism is brought into action to conserve the body heat and results 
in an increased body temperature, which results in the overcom- 
pensation noted a t  12 hr after allylglycine administration. 


In summary, the results indicate an involvement of y-amino- 
butyric acid in mammalian thermoregulatory control. When syn- 
thesis of this putative neurotransmitter is impaired, a concomitant 
decrease in body temperature is noted. The mechanistic role of y- 
aminobutyric acid in this system remains to be elucidated, al- 
though initial studies (19) point toward a modulatory role for this 
putative neurotransmitter in thermoregulation. 
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Contact Angles on Human Skin 


Keyphrases Contact angles-human skin, previously developed 
equations discussed Skin, human-determination of contact an- 
gles, equations 


To the Editor: 


Several reports of contact angle measurements of 
various liquids on human skin have appeared in re- 
cent years (1-4). Although these papers differed in 
the reported values of the contact angles, especially 
for water, there was general agreement that human 
skin behaves as a low energy solid. Rosenberg et al. 
(3) made their measurements on specially cleaned 
viable and excised skin and calculated the surface en- 
ergy of skin due to dispersion forces ( y p )  using Eq. 
1: 


0%. 1) 
-YL. + 2 i m -  xs 


C O S B  = 
Y L  - X L  


where 0 is the contact angle, y~ is the surface tension 
of the liquid, y~~ is the dispersion force component 
of the surface tension of the liquid, TS is the reduc- 
tion in surface energy of the solid due to adsorption 
of vapor from the liquid drop, and TL is the reduction 
in surface tension of the liquid due to spreading of 
the solid. The investigators assumed TS and TL to be 
negligible, as is often done when dealing with low en- 
ergy surfaces. 


Similarly, El-Shimi and Goddard (4) neglected 
these spreading terms in their analysis of the disper- 
sion force ( y p )  and polar (78) contributions to the 
surface energy of skin, using Eq. 2: 


4YSPYLP 
-v .  + 


In addition to the symbols previously defined, y~~ is 
the polar contribution to the surface tension of the 
liquid. 


Skin presents a complex surface whose properties 
are influenced by a variety of endogenous, secreted, 
and excreted substances. Mono-, di-, and triglycer- 
ides and free fatty acids are among the lipids found 
most abundantly on the skin (5); these substances are 
known to spread on water, lowering its surface ten- 
sion significantly (6). According to a recent report, 
sweat collected from thermally stimulated subjects 
had surface tension values lower than that of water 
by about 13-19 dyneslcm, depending on the skin re- 
gion used (7). 


There is, therefore, good reason to think that TL 
may have a value other than zero in many cases. The 
value of TL will be a function of the liquid, the nature 
of the skin area, the history (or pretreatment) of the 
skin sample, and the area of contact between the liq- 
uid drop and the skin. If the spreading process is 
time dependent, then the contact angle will decrease 
with time, an effect observed by one investigator (1). 
The large variation found in the contact angle of 
water on skin (1-4) is probably related to differences 


in lipid adsorption at  both the water-air and skin- 
water interfaces. 


Unfortunately, neither Eq. 1 nor 2 is adequate for 
quantitating the effect of skin surface lipids on the 
contact angle. Equation 2 does not contain TL. Equa- 
tion l does contain TL, but no provision is made for 
changes in adsorption a t  the solid-liquid interface. 
For liquids whose contact angles are greater than go”, 
Eq. 1 predicts that a rise in TL will cause an increase 
in the value of the contact angle. Actually, the oppo- 
site takes place (8). 


Thus, it  appears that approaches that have been 
successful in characterizing other low energy surfaces 
are of only limited usefulness when applied to skin. 
More data on the adsorption of surface lipids would 
be helpful in understanding wetting and spreading on 
skin. 
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Variability in System for Automated 
Determination of Dissolution Rate 


Keyphrases Dissolution rates-automated determination, anal- 
ysis of data, variability Automated analysis-dissolution rates, 
analysis of data, variability 


To the Editor: 


Recently, Johnson et al. (1) described a continu- 
ous-flow system for the automated determination of 
dissolution rates. The major obstacle encountered in 
any continuous system, i.e., assuring the measure- 
ment of a clear solution free of extraneous particles 
which cause turbidity in the solution and cloud the 
surfaces of the flow cells, was overcome by the incor- 
poration of filter units into the system, utilizing dis- 
posable Teflon or polyvinyl inserts. 


The authors (1) reported excellent agreement be- 
tween the dissolution rates obtained by an automat- 
ed system and by manual measurements. According 
to these investigators, their instrumentation can 
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Table I-Range of Individual In Vitro Dissolution4 


USP-NFb 
500-mg Levodopa TabletC - 


2-mg Benzodiazepine __-- 
Tablet Tablet USP-NF h V Y  


500-mg Levodopa 


- ____ __- _____ __ 
Minutes Average, % Range, % Average, % Range, % Average, % Range, % Average, % Range, % 


15 99  7 9 1  1 2  87 12 67 
50  11 90  8 7 3  


- 94 5 8 1  30 
20 100 5 
30 100 4 


100 - 
~~ ~ 


4Data from Ref. 1. bTable V of Ref;l. Speed of agitation and number of determinations not specified.CTable VIof  Ref.1. Agitation speed 
of 60 rpm; six determinations. 


Table 11-Dissolution Rate of Salicvlic Acid Tablets 


Percent Salicylic Acid Dissolved 


Experiment 
Average ~- -pp___________- 


Range, % 


2.5 22  21 20 2 3  25 27 29 24 2 3  25 24 21 24 2 0 - 2 9 ~ 9  
5 36 38 4 0  44  39 38 36 37 32 38 44  38 38 36-44=8 


10 6 6  58 68 67 57 60  6 2  56 6 8  68  56 58  62 5 6 - 6 8 = 1 2  
15 8 0  8 0  8 3  81 75  77  7 3  7 0  85  77 7 3  7 2  77 7 0 - 8 5 = 1 5  
20 9 0  9 2  95 90 89  85  8 3  8 2  9 3  92  89 87 89  8 2 - 9 5 ~ 1 3  
30 100 99 103 102 99  98 95 95 100 102 103 102 100 9 5 - 1 0 3 = 8  


Minutes 1 2 3 4 5 6 7 8  9 10 11 1 2  % 


measure real differences in the dissolution rate of 
unit doses within a batch if these differences exceed 
f2.8% of the average assay. However, analysis of 
their data (Table I) indicates that the intertablet 
variations gave rather large-range values. This study 
was undertaken to investigate the nature of the large- 
range values obtained with the automated apparatus. 


Since the authors claimed the accuracy and repro- 
ducibility of the instrumentation by showing negligi- 
ble variation caused by the electrical imbalance 
(<1%) and instrumentation, possible explanations for 
the large intertablet variation may be: (a )  differences 
in the active ingredient content of the tablets, ( b )  dif- 
ferences in the disintegration properties of the tab- 
lets, and/or ( c )  uneven distribution of drug particle 
size among tablets. 


An examination of Table I reveals that the range 
values were much higher in the period represented by 
20-80% dissolution. This finding indicates that the 
disintegration properties, rather than content unifor- 
mity, of the tablets were largely responsible for the 
variations observed. For example, if some tablets in a 
given batch disintegrated much faster than the oth- 
ers, the faster disintegrating tablets would tend to 
yield faster dissolution rates as compared to the slow- 
er disintegrating tablets. Thus, the “average” disso- 
lution rate of this batch of tablets would exhibit large 
intertablet variations. 


To minimize differences due to content uniformity 
and manufacturing variables, a batch of 200-mg sali- 
cylic acid tablets was prepared by individually weigh- 
ing 200 mg of salicylic acid for each tablet and com- 
pressing the tablets using a hydraulic press1. All tab- 


P-30 hydraulic press, Research and Industrial Co. Ltd., London, En- 
gland. 


lets were prepared using identical compression force 
for the same time period, thus assuring that the tab- 
lets were uniform. Quick checks of the disintegration 
and hardness revealed that the tablets were identical 
in these respects. 


Dissolution was followed in an automated appara- 
tus2 similar to the one described by Johnson et al. 
(l), using 900 ml of simulated gastric fluid (without 
enzymes), according to the USP-NF method (2,3). A 
1.9-ml/min flow rate3 through a flow cell4 and a re- 
cording spectrophotometer5 were used. From the re- 
sults (Table 11), it is evident that the intertablet vari- 
ations were somewhat greater than the accuracy and 
reproducibility claimed for the apparatus. Therefore, 
the large variations found by Johnson et al. could be 
due to differences in disintegration and other physi- 
cal properties of the tablets as well as to the nonre- 
producibility of the apparatus. Further work is in 
progress to determine the factors responsible for 
these variations. 


(I) J. B. Johnson, P. G. Kennedy, and S .  H. Rubin, J.  Pharm. 
Sci., 63,1931(1974). 


(2) “The United States Pharmacopeia,” 18th rev., Mack Pub- 
lishing Co., Easton, Pa., 1970, p. 934. 


(3) “The National Formulary,” 13th ed., Mack Publishing Co., 
Easton, Pa., 1970, p. 802. 
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5 -C hloro-2 - pyrimidinyl Analog of Dantrolene 


THOMAS J. SCHWANx and K. 0. ELLIS 


Abstract 1-115 -(5 -Chloro - 2 - pyrimidinyl)furfurylidene]amino)- 
hydantoin, a structural analog of the skeletal muscle contraction 
antagonist dantrolene, was synthesized and found to have no skel- 
etal muscle relaxant activity. 


Keyphrases Dantrolene-synthesis and screening for muscle 
relaxant activity of 5-chloro-2-pyrimidinyl analog 0 1-1 [5-(5-Chlo- 
ro - 2 - pyrimidinyl)furfurylidene]amino)hydantoin-structural an- 
alog of dantrolene, synthesized and screened for muscle relaxant 
activity 0 Muscle relaxant activity-5-chloro-2-pyrimidinyl ana- 
log of dantrolene 


The unique skeletal muscle relaxant activity of 
dantrolene, 1-1 [5-(p-nitrophenyl)furfurylidene]ami- 
nolhydantoin (I), has been demonstrated (1,2). It has 
been pharmacologically categorized as a skeletal 
muscle contraction antagonist (3). 


The 5-chloro-2-pyrimidinyl group was shown to re- 
place effectively the p- nitrophenyl moiety in a series 
of nonsteroidal hypocholesterimic agents (11) (4). 
Thus, the 5-chloro-2-pyrimidinyl analog of the proto- 
type was desired for evaluation for skeletal muscle 
relaxant activity. 


DISCUSSION 


Although the requisite 5-(substituted phenyl)-2-furaldehydes 
were prepared previously by coupling of the appropriate diazoni- 
um salt with furfural (5). reaction of diazotized 5-chloro-2-amino- 
pyrimidine with furfural failed to give the desired aldehyde (111). 
Accordingly, an alternate route to 111 was devised. 


Condensation of furamidine hydrochloride with mucochloric 
acid, using the general procedure of Budesinsky (6), gave 5-chloro- 
2-(2-furyl)-4-pyrimidinecarboxylic acid (IV), which was smoothly 
decarboxylated to 5-chloro-2-(2-furyl)pyrimidine (V) (Scheme I). 


Formylation of V gave the aldehyde 111, the structure of which is 
supported by NMR data. Although the NMR spectrum does not 
completely rule out a 2,3-orientation of substituents in the alde- 
hyde, previous studies in these laboratories showed that 2-phenyl- 
furan is formylated a t  the 5-position of the furan ring (7). Thus, a 
2,5-disubstituted structure was assigned to 111. 


Treatment of 111 with I-aminohydantoin hydrochloride gave VI, 
the 5-chloro-2-pyrimidinyl analog of I. 


In gross observational testing in mice similar to that described 
by Irwin (8), VI caused no measurable skeletal muscle relaxation in 
oral doses up to 1600 mg/kg PO. Furthermore, there was no indica- 
tion of CNS activity or acute toxicity. 


Direct skeletal muscle contraction antagonism was tested in the 
curarized pithed rat gastrocnemius muscle preparation (9). Com- 
pound VI did not affect the twitch response of the gastrocnemius 
muscle over a dose range of 1.0-25 mg/kg iv, indicating that it had 
no skeletal muscle contraction antagonism activity. 


EXPERIMENTAL' 


5-Chloro-2-(2-furyl)-4-pyrimidinecarboxylic Acid (1V)- 
Two solutions were prepared: Solution A contained 852 g (15.78 
moles) of sodium methoxide in 6360 ml of methanol, and Solution 
B contained 903 g (5.34 moles) of mucochloric acid in 2285 ml of 
methanol. 


T o  a solution of 1150 g (7.83 moles) of furamidine hydrochloride 
in 2610 ml of methanol stirred a t  55O was added rapidly 3800 ml of 
Solution A. The reaction was endothermic. The mixture was re- 
heated to 55'. and 1625 ml of Solution B was added while the mix- 


0 


1 


I1 


' Melting points were determined on a Mel-Temp apparatus and those 
below 230' are corrected. IR spectra were determined as mineral oil mulls 
using a Perkin-Elmer 137B spectrophotometer. The  NMR spectrum was ob- 
tained on a Varian A-60A instrument and was compared with tetramethyl- 
silane as an internal standard. 
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ture was maintained a t  55-60" with an ice bath. After the mixture 
was stirred a t  55-60" for 15 min, the remainder of Solution A was 
added. The mixture was reheated to 55', and the remainder of So- 
lution B was added as already described. The mixture was stirred 
at  55-60' for 2.5 hr and cooled overnight, and the solid was fil- 
tered. 


The filter cake was washed with cold methanol, air dried, and 
taken up in 10 liters of cold water. Acidification with dilute hydro- 
chloric acid gave 473 g (39%) of the product, mp 153-154". The an- 
alytical sample, mp 160-161", was obtained by recrystallization 
from water; IR (pm): 5.84 (C=O, acid), 6.32, and 6.41 (C=C, 
C=N). 


Anal.-Calc. for CsH&INz03: C, 48.13; H, 2.24; CI, 15.79; N, 
12.47. Found: C, 48.17; H, 2.34; C1, 15.86; N, 12.07. 
5-Chloro-2-(2-furyl)pyrimidine (V)-The carboxylic acid IV 


(300 g, 1.33 moles) was heated at 160-170" for 5 min. The cooled 
mixture was refluxed with 1 liter of chloroform for 1 hr and the 
suspension was decolorized and filtered. Upon removal of the sol- 
vent in uacuo, there was obtained 238 g (99%) of the product, mp 
106-109'. The analytical sample, mp 108-110°, was obtained by 
recrystallization from heptane; IR (pm): 6.30 (C=C, C=N) and no 
C=O absorption a t  5.80-6.10. 


Anal.-Calc. for CaH5CINzO: C, 53.20; H, 2.79; C1, 19.63; N, 
15.51. Found: C, 53.05; H, 3.08; C1, 19.63; N, 15.00. 
5-(5-Chloro-2-pyrimidinyl)-2-furfural (111)-To 1000 ml of 


dimethylformamide, stirred and cooled at @loo, was added 183 ml 


(307 g, 2.0 moles) of phosphorus oxychloride. To the cooled solu- 
tion was added a solution of 181 g (1.0 mole) of V in 600 ml of di- 
methylformamide. The mixture was stirred a t  90-100° for 8 hr, 
cooled, and poured cautiously into 5 liters of 2% sodium hydroxide. 
An additional 450 ml of 20% sodium hydroxide was added, and the 
mixture was stirred at  room temperature for 30 min. 


The mixture was acidified with concentrated hydrochloric acid 
and the solid was filtered, washed with water, and dried to give 143 
g (68%) of the crude aldehyde, mp 179-182'. The analytical sam- 
ple, mp 209-210°, was obtained by recrystallization from benzene; 
IR (rm): 6.00 (C=O, aldehyde); NMR (dimethyl sulfoxide-dd: d 
7.55, 7.70 (doublets, J = 4 Hz, 2, furan C-H), 9.80 (s, 1, aldehyde 
C-H), and 9.06 ( s ,  2, pyrimidine CI-H and Cs-H). 


Anal.-Calc. for CsHsCINz02: C, 51.82; H, 2.42; N, 13.43. Found 
C, 51.79; H, 2.40; N, 13.35. 


1-1 [5-(5-Chloro-2-pyrimidinyl)furfurylidene]amino~hydantoin 
(VI-To a stirred solution of 41.6 g (0.20 mole) of III in 800 
ml of dimethylformamide a t  50' was added slowly a solution of 
60.8 g (0.40 mole) of I-aminohydantoin hydrochloride in 300 ml of 
water. The mixture was immediately poured into 3 liters of ice 
water and the solid was filtered, washed thoroughly with water, 
and dried. Recrystallization from dimethylformamide-water gave 
35 g (57%) of the product, mp 318-320'. The analytical sample, mp 
323-325", was obtained by recrystallization from dimethylforma- 
mide-water; IR (pm): 5.63 and 5.79 (C=O, hydantoin). 


Anal.-Calc. for ClzH&lN503: C, 47.15; H, 2.64; N, 22.91. 
Found C, 47.20; H, 2.64; N, 22.60. 
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Nonlinear Tissue Disposition: 
Salicylic Acid in Rat Brain 


M. A. GONZALEZ *, T. N. TOZER =, and D. T. T. CHANG 


Abstract A model was developed to detect nonlinear disposition 
of a drug in a tissue. The model was experimentally tested relating 
to salicylic acid disposition in the brain. Experimental data ob- 
tained in rats are reported for doses of 25 and 400 mg/kg ip. The 
parameters measured for each dose were the ratio of the area 
under the brain concentration-time curve to the area under the 
plasma concentration-time curve and the ratio of the maximum 
brain concentration of salicylic acid to the plasma concentration at 
that point in time. The ratios increased with dose; furthermore, ra- 
tios calculated using plasma concentrations corrected for plasma 
protein binding were dose dependent. Calculations performed on 
literature data for salicylic acid disposition in mouse brain corro- 
borated the results of this study. The existence of a saturable 
transport system for the elimination of salicylic acid from the 
brain is supported by the data presented. The rationale necessary 
to apply the model to any tissue is discussed. 


Keyphrases 0 Transport, drug-nonlinear tissue disposition, sali- 
cylic acid in rat brain, model proposed, equations Drug disposi- 
tion-nonlinear tissue disposition, salicylic acid in rat brain, model 
proposed, equations 0 Tissue disposition, nonlinear-model pro- 
posed, equations derived, salicylic acid in rat brain as an exam- 
ple Salicylic acid-nonlinear tissue disposition in rat brain, 
model proposed, equations 


A number of saturable processes may produce dis- 
proportionate changes in the tissue distribution of a 
drug when the dose of the drug is increased. Facili- 
tated transport is one such process; in its presence 
the result is nonlinear tissue distribution. The exis- 
tence of transport systems for the elimination of or- 
ganic acids from the brain and cerebrospinal fluid 
has been documented (1-5). Steinwall (2, 3) postula- 
ted that such transport systems could be contribut- 
ing to the hindrance of blood-to-brain transfer; that 
is, these systems could be a functional component of 
the blood-brain barrier. 


Confirmation of an acid transport system in the 
brain requires knowledge of factors governing the 
distribution and disposition of drugs in the brain 
such as: ( a )  binding to blood proteins and tissue com- 
ponents, ( b )  metabolism of the drug, ( c )  diffusion in 
and out of the tissue, and ( d )  bulk flow of the cere- 
brospinal fluid. Similar processes are functional in 
other tissues as well as the brain. 


This paper proposes a model to detect the presence 
of saturable processes that would influence the dispo- 
sition of a drug in a tissue. The model is experimen- 
tally tested as it relates to the transport of salicylic 
acid from the brain; however, the model should be 
applicable to drug disposition in other tissues. 


THEORETICAL 


Consider the simplest model for the distribution of drugs into 
tissues, the case in which a drug enters and leaves a tissue only by 
passive diffusion. For such a system the change in the amount of 
drug in the tissue with time, dT/dt ,  may be expressed by an equa- 


PLASMA TISSUE 


n-7 


Figure 1-Schematic diagram of the processes of disposition 
o f  a drug in a tissue. K e y :  thin arrows, passive diffusion; 
heauy arrows, saturable processes; a, f, unidirectional transport 
to and from tissue; c, metabdism; d, excretion; and b, e, bind- 
ing to tissue components and plasma proteins. Symbols DVB, 
DPU, DTB, and DTU are the amounts of bound and unbound 
drug in plasma and tissue, respectively. 


tion based on Fick’s first law of diffusion and the assumption that 
only unbound drug is diffusible: 


dT 
= k(C, - C,) (Eq. 1) 


where C1 is the concentration of drug in the plasma free from pro- 
tein binding, Cz is the unbound concentration of drug in the tis- 
sue, and k represents a hybrid constant (units of clearance) for 
passage of the drug between plasma and tissue. 


The rate of entry of the drug into the tissue is kC1, while k C 2  is 
the rate of exit of the drug from the tissue. The integral of the rate 
of entry with time is the amount entering the tissue, So”kC1  dt,  
while the integral of the rate of exit with time equals the amount 
leaving the tissue, .fo”kCz dt .  The total amount that enters the 
tissue must equal the total amount that leaves the tissue; there- 
fore: 


0 , d t  = i - C , d t  (Es. 2 )  


Passive diffusion requires that the area under the unbound plas- 
ma concentration-time curve be equal to  the area under the un- 
bound tissue concentration-time curve. 


In an experiment in which steady-state plasma and tissue levels 
are attained, that is dT/dt  = 0, from Eq. 1: 


c , s s  = C L S S  (Es. 3 )  
where CfS is the unbound plasma concentration at steady state, 
and CzSs is the unbound tissue concentration at  steady state. The 
same relationship would be applicable for an experiment in which 
a single dose is administered. A t  the point in time, t maX, when the 
rates into and out of the tissue are equal, the unbound tissue level 
is maximal, C y  , and equal to the unbound plasma concentration. 
C’ max. 


1 .  


c; r n d X  = c y  (Eq.  4) 
Plasma and Tissue Binding-Unbound concentrations of a 


drug are not readily determined, particularly within a tissue. Usu- 
ally, the total plasma concentration, Cp, and the total tissue con- 
centration, CT, are measured. The total plasma and tissue concen- 
trations are complex functions of their respective unbound concen- 
trations. The functions depend on the affinity of a drug for the 
plasma proteins and tissue components and on the total number of 
binding sites. The unbound concentration of the drug in the plas- 
ma is a fraction, cy1, of the total plasma concentration: 
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c, = a,Cp (Ell. 5 )  
The fraction unbound varies with the total plasma concentra- 


tion and, thus, with the dose. Consequently, the relationship be- 
tween the area under the unbound concentration-time curve to 
the area under the total concentration-time curve becomes a func- 
tion of the dose. This ratio can be thought of as the ratio of the 
mean value of C1 with time, c1, to the mean value of Cp with 
time, cp ,  that is, the ratio of the time average values: 


i - C l  d t  l’Cl d t / J - d t  c, 
5 -m (Eq. 6) 


i m C p d t  s, Cr  d t / i = &  = = C P  


Similarly, for the tissue: 
c, = a2C, (Eq. 7) 


where cr1 is the fraction of drug in the tissue that is not bound to  
tissue components and: 


”“ 


(Eq. 8) 


Since the areas under the unbound plasma concentration-time 
curve and the unbound tissue concentration-time curve must be 
equal (Eq. 2), c1 equals cz. Dividing Eq. 6 by Eq. 8 yields: 


(Eq. 9)  


The ratio, R, referred to as the area distribution ratio, is a mea- 
sure of the concentration of drug in the tissue with time relative to 
that in the plasma with time. For both plasma and tissue, the frac- 
tion of the drug unbound normally increases-with concentration; as 
the dose is increased, therefore, c 1 / c p  and C&T increase. An in- 
crease or decrease of R with increasing dose depends on whether 
the plasma protein binding or tissue binding is the more readily 
saturable. The former results in an increase in R, the latter in a de- 
crease. 


In steady-state experiments, the fractions unbound in plasma, 
alSS, and in tissue, qS8, are: 


(Eq. 10) 
C,” 


cy,” = __ 
C,,” 


(Eq. 11) 


The total plasma and tissue concentrations at  steady state are rep- 
resented by Cpss and C f s ,  respectively. As given in Eq. 3, the 
steady-state unbound concentrations in plasma and tissue are 
equal; therefore, dividing Eq. 10 by Eq. 11 yields a steady-state 
distribution ratio, Rss :  


(Eq. 12) 


Similarly, in an experiment in which a single dose is given, there 
is a time, t mar, when the unbound tissue concentration equals the 
unbound plasma concentration as given in Eq. 4. The total concen- 
tration in the tissue, C y ,  is a t  a maximum at  the same point in 
time when C F  is achieved, assuming tissue binding is instanta- 
neous. A t max distribution ratio, Rmax, may then be defined as: 


a$- ,Y‘’x 
G‘* c;,ma“ - (Eq. 13) R”’”’ = __ - __ 


The plasma concentration a t  the same time point when the tissue 
is a t  the maximum concentration is defined as Cbmax. The values 
of R”” and R vary with dose in a similar fashion to R due to the 
decreased binding at higher concentrations. 


Saturable Transport Systems-The presence of transport, 
metabolic, or excretory mechanisms also give rise to a change in R, 
Rss,  and Rmax with dose, as determined by Eqs. 9, 12, and 13, re- 
spectively. As an example, consider the case in which the rate of 
entry into a tissue may be kinetically expressed as a combination 
of passive diffusion and a saturable transport. For such a case: 


aC, 
ra te in  = kC, + (Eq. 14) 


where the maximum rate of transport is represented by a, b is the 
dissociation constant for the “drug-carrier” complex, and k is as 
defined in Eq. 1. The amount that enters the tissue is obtained by 
integration of Eq. 14: 


amount entering tissue = k L = C ,  dt + a 1  & dt 
“ C  


(Eq. 15) 
When assuming that a drug leaves the tissue only by passive dif- 


fusion, the total amount leaving the tissue is k 1 0 ° C ~  dt,  as shown 
in the derivation of Eq. 2. Furthermore, if the assumption is made 
that no protein binding occurs in the plasma or tissue, substituting 
C p  for C1 and CT for Cz leads to the following: 


that is, the total amount leaving the tissue must equal that enter- 
ing the tissue. The area distribution ratio as expressed in Eq. 9 be- 
comes: $I‘& b + C p  dt 


R = l  + ~ c =  (Eq. 17) 


The transport in gives rise to values of R greater than 1; however, 
as the dose is increased to the point that Cp exceeds b for pro- 
longed periods, the value of R decreases toward a value of unity. 


Conversely, transport out of the tissue with passive diffusion in 
and out of the tissue and no plasma or tissue binding results in the 
following: 


ratein = kC,  (Eq. 18) 
a’C, 


ra teout  = kC, + b/+r (Eq. 19) 


where a‘ is the maximum rate of transport out, and b‘ is the disso- 
ciation constant for the drug-carrier complex. Since the total 
amount entering the tissue equals the total amount leaving the tis- 
sue: 


‘1 CT 
kI’C,,dt 0 = k J m C r d t  + a.1 b ~ T  dt (Es. 20) 


0 


the area distribution ratio then becomes: 


In this case, R is less than unity and an increase in dose gives rise 
to an increase in its value toward unity. The same argument holds 
for saturable metabolism or excretory mechanisms in the tissue. 


For the steady-state condition, if transport into the tissue is 
present as expressed in Eq. 14 and only passive diffusion accounts 
for the exit of the drug, then by assuming no binding effects the 
rate out of the tissue, kCT, must equal kCp + (aCp/(b + Cp)], the 
rate into the tissue. A steady-state distribution ratio is then de- 
fined by the following: 


a Rss = 1 + k(b + c,ss) 


For transport out of the tissue: 


(Eq. 22) 


Following a bolus dose, the t mar distribution. ratios are identical to 
Eqs. 22 and 23; Cr;tax and CkmaX replace C f l s  and Cp‘”, respec- 
tively, in Eqs. 22 and 23. 


A change in a distribution ratio with dose indicates the existence 
of nonlinear disposition of a drug in a tissue. As previously dis- 
cussed, the direction of change in the distribution ratio with dose 
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Table I-Salicylic Acid Disposition in Rat 
Brain and Plasma 


Hours after Total Plasma Con- Assayed Brain Con- 
Treatment centration<&, pg/ml centrationo, pg/ml 


25-mg/kg Dose 
0 . 5  105.8 f 1 . 9  3.98 f 0 .45  
1 .o 96.5 f 2 . 3  4 .16  f 0.30  
5 0  65 .2  + 4 . 3  2.89 Z!Z 0.16 - .. 


10 .o i 5 . 2  T 2 . 8  0 .60  I 0 . 0 8  
15 . O  8 . 5  f 1 . 2  0.26 f 0.03  
20.0 4 .2  f 1 . 2  0.12 f 0.04  


400-mglkg Dose 
1 . o  561.2 f 41.7 119.7 f 15.4 
5 . O  380.4 f 14.4  71.9 f 3 .0  


10 .o 357.6 Z!Z 22.7 62.4 f 4 . 5  
20 . o  187.7 =k 14.7 21.3 f 2 . 5  
30 .0  153.0 f 5 . 1  12 .1  f 1 . 0  
40 . O  62.3 f 12.8  3 . 4  f 0.8  
50 . O  26.2 f 7 . 2  1 . 2  f 0 . 4  


The mean of five animals and standard error. 


indicates which nonlinear process might exist. In reality, however, 
combinations of saturable processes are likely to be present. 


Figure 1 schematically shows the mechanisms that would result 
in a dose-dependent distribution ratio. For combinations of satu- 
rable processes, the net change in the distribution ratio is a result 
of the dominant process if the effects are opposite. If the effects re- 
inforce each other, the change is exaggerated. An increase or de- 
crease in a distribution ratio with dose could thus help discern 
which saturable process is involved. For example, if a distribution 
ratio decreases with dose: 


1. A unidirectional transport into the tissue may exist. Such a 
transport is described by process a in Fig. 1. As the dose increases, 
the transport system approaches saturation, resulting in tissue 
concentrations of the drug that are proportionately lower at  the 
higher plasma concentrations. 


2. Tissue binding of the drug may be occurring, process b. The 
possibility in this case is one of saturation of binding sites within 
the tissue as the dose increases. The apparent effect would be that 
the tissue loses the ability to accumulate the drug. 


3. Metabolism of the drug in the tissue may be increasing, pro- 
cess c. This is an unlikely possibility unless the drug activates its 
own metabolism or the experiment involves chronic dosing with a 
drug which induces its own metabolizing enzymes. 


If a distribution ratio increases with dose: 
1. The degree of plasma protein binding may not be constant as 


the dose is increased, process e. This is to be expected, since the 
fraction of drug unbound normally increases with concentration. 


2. A metabolic or an excretory system capable of being saturat- 
ed may exist in the tissue, processes c and d, respectively. The ad- 
ministration of increasing doses results in a lower rate of elimina- 
tion relative to the amount in the tissue. The net result would be 
an increase in tissue levels larger than the corresponding increase 
in plasma levels. 


3. Elimination from the tissue may involve a saturable transport 
system, process f .  


Correction for Plasma Protein Binding-An increase in a 
distribution ratio with dose due to the saturation of plasma pro- 
tein binding can be readily ascertained. When assuming that the 
entry of a drug into a tissue depends upon the unbound drug in 
plasma, the ratio of the area under the tissue concentration-time 
curve to the area under the unbound plasma concentration-time 
curve would be independent of plasma protein binding. This ratio 
may be determined by dividing Eq. 9 by Eq. 6: 


J'C, d t  
(Eq. 24) 


l a c l  dt 
R,,,, = " 


The ratio, R tor, is referred to as the area distribution ratio correct- 
ed for plasma protein binding. 


A steady-state distribution ratio corrected for plasma protein 
binding, R:o,,, may be determined from steady-state tissue and un- 


bound plasma concentrations: 


(Eq. 25) 


Similarly, following a single dose, the t 
rected for plasma protein binding is: 


distribution ratio cor- 


CFX 
C;-" RcDrmaX = - (Eq. 26) 


The values of R,,,, R&, and R E  should be unity unless tissue 
binding or other saturable processes occur in the tissue. If the dis- 
tribution ratios corrected for protein binding do not change over 
the dosage range tested, saturation of plasma protein binding is 
the mechanism by which R, RS5, and Rmax vary with dose. Any 
change in the corrected distribution ratios indicates the existence 
of other saturable processes. The direction of the change gives a 
further indication of the probable mechanisms. 


EXPERIMENTAL 


Materials-All chemicals used were of analytical grade; the so- 
dium salicylate' was of certified grade. 


Apparatus-A spectrophotofluorometer2 was utilized in the 
salicylic acid assays. Protein binding studies were carried out with 
an equilibrium dialysis apparatus3. 


Animal Procedures-Male Sprague-Dawley rats4, 190-210 g, 
were used. Two major studies were carried out: in one, the rats re- 
ceived a dose of sodium salicylate corresponding to 25 mg/kg; in 
the other,the dose was 400 mg/kg. 


Several groups with five rats per group were randomly selected 
for each study. Except for the control group, each rat received an 
intraperitoneal injection of 1 ml of a sodium salicylate solution. 
After treatment the animals were sacrificed a t  different times by 
decapitation. 


Upon decapitation the blood from each rat was collected in a 
50-ml beaker containing 200 p1 of a 0.05 M solution of edetic acid 
[(ethylenedinitrilo)tetraacetic acid disodium salt]. After centrifu- 
gation of blood, 1 ml of plasma was transferred to a centrifuge 
tube. The brain from each rat was removed after decapitation and 
quickly frozen in dry ice after blotting with a tissue to remove ex- 
cess surface blood. Brain and plasma samples were stored frozen 
until the time of analysis. 


Assay Procedures-Plasma samples were assayed using the 
procedure of Rowland and Riegelman (6). Standard curves were 
prepared by extracting control plasma samples containing known 
amounts of salicylic acid. 


To assay the brain samples for salicylic acid, each brain was ho- 
mogenized in a tissue grinder5 using two volumes of distilled water 
for every gram of brain, Three milliliters of homogenate was trans- 
ferred into a 20-ml culture tube containing approximately 2 g of 
sodium chloride and 0.3 ml of 6 N HCl. After mixing the samples, 
5 ml of a solution of equal volumes of ether and n- heptane was 
added to the samples, and the samples were gently shaken me- 
chanically for 30 min. 


After centrifugation to separate the phases, an aliquot of the or- 
ganic phase was extracted with 2 ml of a 0.5 M phosphate buffer, 
pH 7. The phosphate buffer extracts were read on the spectropho- 
tofluorometer a t  the wavelengths for maximum activation and flu- 
orescence, as determined using a standard sample of sodium sali- 
cylate in phosphate buffer. By using the described extraction pro- 
cedure, known amounts of salicylic acid were added to homoge- 
nates of control brains to prepare the standard curves. 


The value obtained for the concentration of salicylic acid in the 
brain homogenate had to be corrected for the contribution of drug 
from the residual blood. By using a value of 11 p1 as the residual 
blood per gram of brain (7) and calculating the concentration of 
salicylic acid in the blood from the concentrations in plasma6, it 
was possible to determine the amount of salicylic acid that had to 
be subtracted from the amount assayed in the brain. 


Fisher Scientific Co. 
Aminco-Bowman spectrophotofluorometer model 8210. 


3 Dianorm equilibrium dialysis system, supplied by Innovativ-Medizin 
AG., P.O. Box 31, CH-Esslingen, Switzerland. 


Horton Laboratories, Inc. 
Tenbroeck. 


6 M. A. Gonzalez and T. N. Tozer. unpublished data.  
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Figure 2--Unbound fraction of total plasma concentration, 
a, ,  as a function of total plasma concentrution, Cr. 


Protein Binding Study-The degree of plasma protein binding 
for salicylic acid was determined using the equilibrium dialysis 
system. The apparatus consists of 20 cells (Teflon), each of which 
is divided into two compartments or half-cells with a 1-ml volume 
by a section of tubing7 with a thickness of 0.025 mm. The cells are 
mounted on a rotor so that agitation is accomplished by rotation of 
the cells. The entire apparatus is watertight, so that it may be im- 
mersed in a constant-temperature water bath. 


In the present study, 1 ml of a solution of sodium salicylate in 
Krebs-Ringer bicarbonate buffer was introduced with a tuberculin 
syringe into one half-cell, and 1 ml of fresh rat  plasma was simulta- 
neously injected into the other half-cell. Since the apparatus has 
20 cells, it was possible to dialyze different concentrations of sali- 
cylic acid a t  one time. Preliminary experimentation showed equi- 
librium to be reached within 1-2 hr; therefore, the dialysis was car- 
ried out for 3 hr a t  37'. 


After equilibration, the solutions in the buffer and plasma half- 
cells were analyzed using the plasma assay previously mentioned. 
The concentration of drug in the buffer half-cell was taken to rep- 
resent the concentration of the free ligand on both sides of the 
membrane. The total concentration of the bound and free ligand 
was obtained from the analysis of the plasma half-cell. The frac- 
tion of salicylate unbound was thus calculated by dividing the con- 
centration in the buffer half-cell by the concentration in the plas- 
ma half-cell. 


RESULTS AND DISCUSSION 


The salicylate concentrations assayed in plasma and brain are 
summarized in Table I. The samples were analyzed separately; the 
values reported are the arithmetic means of five separate plasma 
or brain samples. 


The results of the plasma protein binding study are depicted in 
Fig. 2. By using this graph, the values for total salicylate in plasma, 
C p  in Table I, were converted to the concentrations of unbound 
salicylic acid, C1. The brain concentrations reported in Table I 
were corrected for the salicylic acid contributed by the residual 
blood as discussed previously. The corrected tissue concentrations, 
CT,  together with the unbound concentrations of salicylic acid in 
plasma are plotted in Fig. 3. 


The disposition of salicylic acid in rats is dose dependent, as evi- 
denced by the difference in the apparent half-lives of elimination 
for the 25- and 400-mg/kg doses. A comparison of the half-lives 


7 Visking. 
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Table 11-Experimentally Determined Distribution Ratios 


25 0 . 0 3 5  0 .035  0,180 0 .146  
400 0 . 1 3 9  0.205 0 . 3 0 2  0 . 3 5 3  


Table 111--Distribution Rat ios  Calculated from t h e  Data 
of S t u r m a n  et al. (9) a n d  McAr thur  et al. (10) in Mice 


R:::' 


50  0 . 7 5 3  
100 0 . 2 1 3  
200 0 . 2 7 8  
400 0 . 2 9 4  
800 0 . 4 5 9  


0.305 
0 .386  
0 .487  
0 . 5 0 6  
0 . 7 6 6  


calculated from the slopes of the plasma curves in Fig. 3 within the 
first 20-30 hr accentuates the dose dependency. The half-life of 
salicylic acid in the plasma after a 25-mg/kg dose was 2.8 hr, while 
a half-life of 11 hr resulted from a 400-mglkg dose. 


Dose-dependent elimination of salicylic acid in humans was re- 
ported previously by Levy et  al. (8). These authors pointed out 
that  monoexponential fits of plasma data are incorrect and that 
nonlinear kinetics best describe salicylic acid disposition; however, 
these conclusions are based on studies in individuals. Nonlinear ki- 
netic parameters can be obtained by curve fitting the data from 
each individual. The present investigation involved a population 
study; therefore, calculations of nonlinear parameters are not as 
valid as when an individual is the test subject. 


Dose dependency in the time course of the unbound plasma con- 
centration will give rise to disproportionately larger areas under 
the C1-time curve; since the amount entering a tissue must equal 
the amount leaving a tissue, the ratio of the areas under the C r  
time curve to the area under the C1-time curve should not change. 
That  is, the distribution ratio is independent of the time course of 
a drug in the body; saturable processes must be present to account 
for changes in this ratio with dose. 


As presented in the Theoretical section, the calculation of the 
distribution ratios, R and Rmax, after different doses of a drug 
serves as a test of the model described by Eqs. 9 and 13. T o  deter- 
mine R, the areas under the Cartesian plots of CT-time and Cp- 
time were estimated using the trapezoidal rule. To determine 
Rmax, Cv was approximated by selecting the highest mean value 
of CT achieved. The plasma concentration obtained a t  the same 
time as Cyax was used for Cbmax . The results are reported in Table 
I1 under the headings R and Rmax. The large increase in R and 
R max with increasing dose indicates nonlinear disposition of sali- 
cylic acid in the brain. 


The increase in the distribution ratios could be attributed to a 
decrease in the fraction of salicylic acid bound in the plasma as the 
plasma concentration increases. To test this possibility, the distri- 
bution ratios corrected for plasma protein binding, R,,, and Rgy, 
were calculated from the data in Fig. 3. The corrected distribution 
ratios calculated for the two doses are listed in Table 11. Inasmuch 
as these distribution ratios increase with dose, metabolism, excre- 
tion, or transport out of the brain must be involved in the salicylic 
acid elimination. Transport involvement in the entry of salicylic 
acid or tissue binding of the drug in the brain would cause a de- 
crease in the distribution ratios if these processes were solely pres- 
ent. 


As previously discussed, a combination of processes could be in- 
volved, but the change in the distribution ratios would be depen- 
dent on the dominant mechanisms. For example, entry and exit of 
salicylic acid in the brain could both be carrier mediated; however, 
if the transport out were more readily saturated than the transport 
in, the distribution ratios would increase with dose. 


As further verification of the dose dependency of the distribu- 
tion ratios for salicylic acid, Rmax and R Z  were calculated using 
literature data for salicylic acid distribution in mice (9, 10). These 
studies included data for brain, unbound blood, and total blood 
concentration of salicylic acid a t  different times following adminis- 
tration of 50-800 mg/kg ip. The results of these calculations are 
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Figure 3-Semilogarithmic plots of salicylic acid concentra- 
tions in ra t  brain and plasma versus time after administration 
of 25 and 400 mglkg ip. C, is the unbound concentration Gf 
salicylic acid in the plasma; CT is the concentration of salicylic 
acid in the brain corrected for residual blood. 


summarized in Table 111; the results agree with those of the pres- 
ent study; that is, the distribution ratios increase with dose. 


One interpretation of the changes in the values of the distribu- 
tion ratios could be the existence of a saturable metabolic pathway 
in the brain, as discussed in the Theoretical section. This explana- 
tion is unlikely since Wolff and Austen (11) reported no salicylate 
metabolites in rat brains. Sturman et a1 (9) reached the same con- 
clusion in their studies with mice. 


An alternative explanation is the existence of a saturable trans- 
port system which functions to rid the brain of unwanted acidic 
compounds, in this case salicylic acid. As previously discussed, if 
the rate of elimination relative to the amount in the tissue becomes 
lower due to saturation of the transport system, the tissue levels 
increase more than the corresponding increase in plasma levels. 
This would result in a distribution ratio that increases with dose. 
The hypothesis that a transport system is responsible for the dose 
dependency of the distribution ratios presupposes that there are 
no major physiological changes produced by the drug under study. 
Especially critical is that the cerebral blood flow remain un- 
changed throughout the study. 


The fact that the values for the distribution ratios corrected for 
plasma protein binding are always less than one also points to a 
transport system that prevents salicylic acid in the brain from 
achieving equilibrium with the plasma. Referring to Eqs. 24 and 
26, if there were tissue binding, R,,, and R,,, should be greater 
than one. McArthur et al. (10) reported that binding does not 
occur in brain tissue. The values of R,,, and RE?, therefore, 
should be equal to one if there is no metabolism in the tissue, no 
transport system, and no other means of drug elimination. Cere- 
brospinal fluid bulk flow could be invoked as responsible for the 
elimination of acids from the brain, but this process is not satura- 
ble and does not explain the dose dependency of the corrected dis- 
tribution ratios. Since the metabolism is considered unlikely, the 
existence of a saturable transport system is postulated. 


If it were possible to saturate completely a transport system in 
the brain, the corrected distribution ratios should approach unity. 
This is observed with the RE? values in Table 111. 


The dose dependency of the distribution ratios does not conclu- 
sively prove the existence of a transport system for the elimination 
of salicylic acid from the brain. Additional proof could be obtained 
by the administration of known inhibitors of acid transport sys- 
tems if the distribution values should increase in the presence of 
the inhibitor. 


The model and techniques presented should be applicable to 
any tissue. Further studies are planned to test the general useful- 
ness of the model as a means of screening drugs for saturable me- 
tabolism, binding, and transport within specific tissues. 
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A PAINFUL PROSPECT- 
WITH NO ANALGESIC 


One of the most fundamental principles of physics is that for every action 
there is some comparable reaction. Amazingly, we find that this basic law of 
nature is either overlooked or ignored in determining various national poli- 
cies and strategies. 


In July of last year, we wrote in this column to express our concern that ef- 
forts to bring under control a serious national health problem-namely, drug 
abuse-had reached a level of such extremism that those efforts had come to 
be a health problem in themselves. Specifically, the single-minded determi- 
nation to stamp out drug abuse had proceeded to the point where legitimate 
use of medication is seriously inhibited to the detriment of innocent persons 
needing such medication. 


Moreover, the previous September we had devoted our editorial comments 
to what a t  that time was a current national problem; namely, shortages of 
various goods and commodities, such as gasoline, beef, lumber, and so on. 
Fortunately, at that time, there were no shortages of pharmaceutical prod- 
ucts. Nevertheless, we used that opportunity to warn-the editorial was ti- 
tled “Careless Analysis and Planning’’-that a basic function of government 
in society is to study, analyze, predict, and anticipate various needs of the 
people and then, based upon this exercise, to adjust and take such actions to 
see that demands will be met in an orderly manner and by an efficient pro- 
cess. 


Regrettably, our fears were subsequently realized and significant short- 
ages of national proportions have been experienced during the past year, re- 
lating to several life-saving drugs such as ampicillin, heparin, and quinidine. 


We would like to be able to say that our powers of prediction were right on 
target and we saw this all coming in our crystal ball. However, honesty com- 
pels us to admit that it was pure guess-work that events happened to turn 
out as they did. Consequently, we probably should not fault public officials 
for failing to have made proper plans which would have averted these short- 
ages. 


In our opinion, however, such exoneration should not extend to a situation 
in which knowledgeable people have widely publicized warnings of an im- 
pending shortage of critically needed medicinal agents and even have provid- 
ed facts and documentation to support their cries of alarm. Given these cir- 
cumstances, it seems tragic to us for responsible government officials to turn 
a deaf ear and take little, if any, action to avert such a crisis from developing. 


Such appears to be the prospect with respect to the availability of the fam- 
ily of narcotic analgesics derived from opium. In our zeal to stamp out drug 
abuse, the United States has not only undertaken various programs and ac- 
tivities on the home front but has also entered into agreements abroad to in- 
duce foreign countries to curtail or eliminate the cultivation of the opium- 
poppy. Ignored in this strategy is the fact that codeine, morphine, and other 
medicinal opiate drugs are also derived from this same source, and as a con- 
current effect, the available supply of these critical medicinals is rapidly di- 
minishing. 


This situation has been reported rather widely in both the professional 
and lay press. Perhaps the most articulate, well-documented, and compelling 
report on this impending catastrophe appeared as an editorial entitled, “No 
Opium for Pain-Threatening Medical Crisis,” in the December 26, 1974 
issue of the New England Journal of Medicine. In part, the editorial stated: 
“As the matter stands today, the specter of no opium for pain in the United 
States is well-founded. In the event of a major epidemic or other national 
emergency, this critical shortage of pain-killing opiate drugs could easily 
cause a medical catastrophe. Under these circumstances, doctors and 
nurses in hospitals are about as useful as a fleet of new ambulances with 
little or no gasoline in their tanks.” 


There are many things that government can do not only as well as the pri- 
vate sector but even better. However, narrow-minded bureaucracy, which we 
often associate with the totalitarian state, is sometimes found in every form 
of government. Indeed, such inflexible bureaucracy is the basis for the 
underlying fear that many people hold relative to government intervention 
generally. Be that as it may, the opium situation is one which has been creat- 
ed out of government policy and action-albeit well intended-but now re- 
quires some urgent modification by government in order to avert a needless 
tragedy of national proportion. 








PHARMACEUTICAL A N A L  YSIS 


Fluorescence Reactions .of Fluorescamine with 
Levodopa and Its Derivatives: Fluorescence Assay of 
3 - Methoxy -4 - hy droxyphenylalanine in 
Levodopa Dosage Forms 


LAWRENCE K. CHENG, MICHAEL LEVITT *, and HO-LEUNG FUNG 


Abstract 0 A simple fluorometric method for the quantitation of 
3-methoxy-4-hydroxyphenylalanine, either alone or in the pres- 
ence of levodopa, is presented. Fluorescence is developed by reac- 
tion with fluorescamine. The interactions of this reagent with levo- 
dopa and a number of its derivatives under various experimental 
conditions were studied. Negligible fluorescence was obtained with 
levodopa, dopamine, levodopa benzyl ester, and C-hydroxydopa- 
mine. 


Keyphrases Levodopa and derivatives-reaction with fluores- 
camine, fluorometric analysis for 3-methoxy-4-hydroxyphenyla- 
lanine Fluorescamine-reactions with levodopa and derivatives, 
fluorometric analysis for 3-methoxy-4-hydroxyphenylalanine 


Fluorometry-reaction of fluorescamine with levodopa and de- 
rivatives, analysis for 3-methoxy-4-hydroxyphenylalanine 


Fluorescaminel, 4-phenylspiro[furan-2( 3H),1- 
phthalan]-3,3-dione, is a new fluorogenic reagent re- 
cently introduced (1) for the assay of primary amines 
in the picomole range. This compound reacts rapidly, 
in milliseconds, with primary amino groups to pro- 
duce an intense fluorophore while excess fluorescam- 
ine is hydrolyzed in seconds to form nonfluorescent 
products. A t  present, the fluorescence assays of cate- 
cholamines, including levodopa and dopamine, in bi- 
ological fluids (2, 3) are rather tedious and are sensi- 
tive to changes in reaction conditions. It is, therefore, 
desirable to investigate whether simpler fluorescence 
procedures may be achieved by the reaction of fluo- 
rescamine with catecholamines. 


The present report deals with studies on the fluo- 
rescence reactions of fluorescamine with levodopa 
and a number of its derivatives under various experi- 
mental conditions. It is shown that 3-methoxy-4-hy- 
droxyphenylalanine, and possibly other O-methylat- 
ed catecholamines, can be assayed with a very simple 
procedure using fluorescamine. 


EXPERIMENTAL 


Materials-Levodopa2, 3-methoxy-4-hydr~xyphenylalanine~, 
dopamine hydrochloride4, 6-hydr~xydopamine~, and glycine6 were 
used without further purification. Levodopa benzyl ester was syn- 


Fluram, Roche Diagnostics, Nutley, NJ 07110 
Supplied by INTERx Research Corp., Lawrence, KS 66044 
Supplied by Dr. A. Pletscher, Hoffmann-La Roche Co., Basel, Switzer- 


SchwanlMann, Orangeburg, N.Y. 
Pfaltz and Bauer, Inc., Flushing, N.Y. 


land. 


6 J. T. Baker. through VWR Scientific, Buffalo, N.Y. 


thesized in this laboratory and confirmed by elemental analysis (C, 
H, N) and IR. All other reagents were analytical grade, except ace- 
tone, which was spectrophotometric grade. 


Fluorescence Development-Stock solutions of test com- 
pounds were prepared in 0.1 N HCl in concentrations about 20- 
fold in excess of that in the final reaction mixture. All glassware 
used was cleaned by presoaking in 20% nitric acid for at least 24 hr. 
One hundred microliters of each test solution was added to 1.5 ml 
of buffer solution (0.05 M sodium borate except where indicated) 
in a test tube and mixed thoroughly. While the test tube was held 
on a mixer7, 0.5 ml of fluorescamine in acetone (30 mg/100 ml) was 
added rapidly and the resultant solution was immediately mixed 
vigorously for a t  least 30 sec. Rapid addition of the reagent and 
thorough mixing thereafter are essential. The fluorescence of the 
solutions was read on a spectrophotofluorometers at  an excitation 
wavelength of 390 nm and an emission wavelength of 480 nm. 


When commercial levodopa capsules were assayed, the contents 
of four capsules were emptied, mixed, and weighed. An equivalent 
amount of one capsule was weighed and dissolved in 250 ml of 
water. The solution was vigorously shaken for 10 min and filtered. 
Samples not subjected to alumina separation were directly assayed 
using the volumes described previously. Other samples, after a 
fivefold dilution, were treated with alumina to remove levodopa; 
the general procedure of Anton and Sayre (4) was used except that 
disodium (ethylenedinitri1o)tetraacetate was omitted. About 96% 
of levodopa was removed after this procedure. After alumina treat- 
ment, 0.5 ml of the resultant solution was used for fluorescence de- 
velopment. 


RESULTS AND DISCUSSION 


Table I shows the approximate net fluorescence readings ob- 
tained when the levodopa compounds9 were separately mixed with 
fluorescamine at  pH 4 . 2 .  Both glycine and 3-methoxy-4-hydroxy- 
phenylalanine reacted with the reagent to give significant fluores- 
cence, whereas all other compounds gave readings only slightly 
higher than the blank (blank fluorescence = 0.3-0.4). Since it has 
been shown (1) that fluorescamine reacts indiscriminately with the 
primary amino group, whether it is present in a simple amine, an 
amino acid, a peptide, or a protein molecule, the inability of these 
compounds to form fluorophores with fluorescamine was thought 
to be due to a lack of reaction with the reagent rather than to the 
production of nonfluorescent reaction products. 


At an alkaline pH of 9.2, the oxidation of unprotected catechol- 
amine molecules to form indole-type compounds is extremely 
rapid. Therefore, it is possible then that the primary amino group 
in these compounds is effectively destroyed prior to reaction with 
fluorescamine. Careful deoxygenation of reagent solutions by 
flushing with nitrogen produced significant fluorescence from le- 


7 Vari-Whirl mixer, Van-Lab, VWR Scientific, Buffalo, N.Y. 
8 Aminco-Bowman, Silver Sprin , Md. 
9The weak fluorescence (see 'fable I) developed with levodopa. dop- 


amine, 6-hydroxydopamine, and levodopa benzyl ester might be partly at- 
tributed to impurities present in these samples. The readings, therefore, 
represent upper limits of fluorescence that could be developed with these 
compounds. 
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Table I-Approximate Fluorescence Readings of Dopa 
Compounds after Reaction with Fluorescamine 


Compounda Net Fluorescence 


Levodopa 0 . 1 3  


Levodopa benzyl ester 0.13 


3-Methoxy-4-hydroxy- 2.90 


Glycine 6 .86  
Catechol -0 


Dopamine 0 . 1 1  


6-Hydrox y dopamine -0 


phenylalanine 


a AU in a 6nal concentration of about-1 pg/ml .  


vodopa and dopamine solutions. However, these readings were 
highly sensitive to prevailing experimental surroundings and were 
not consistently reproducible. Unsuccessful attempts have been 
made to inhibit this possible oxidation by adding a metal chelating 
agent [disodium (ethylenedinitrilo)tetraacetate, up to 1% in the 
final reaction solution] or an antioxidant (sodium metabisulfite, up 
to 3% in the final reaction solution) or by substituting the borate 
buffer with a sodium bicarbonate buffer at the same pH. Helling 
and Bollag (5) reported that Pb+2 complexes with catechols to 
form insoluble salts. Addition of a 10-fold excess of lead acetate to 
a 1-pg/ml levodopa solution did not increase the fluorescence in- 
tensity. The fluorescence readings of reaction systems involving le- 
vodopa, dopamine, levodopa benzyl ester, and 3-methoxy-4-hy- 
droxyphenylalanine were not significantly altered in the 7.8-9.2 
pH range when a sodium borate-hydrochloric acid buffer was em- 
ployed. 


The intense fluorophore formed between fluorescamine and 3- 
methoxy-4-hydroxyphenylalanine under the present experimental 
conditions is in sharp contrast to the very weak ones obtained with 
levodopa and dopamine. The fluorescence spectra for the fluoro- 
phore are shown in Fig. 1.3-Methoxy-4-hydroxyphenylalanine is a 
major metabolite of levodopa in animals and humans. In the rat, it  
demethylates to levodopa (6); because of its longer biological half- 
life compared to the parent compound in humans (7), there is in- 
tense interest in studying the feasibility of using 3-methoxy-4-hy- 
droxyphenylalanine as a timed-release form of levodopa in the 
treatment of parkinsonism. 


The present study provides a simple and rapid fluorometric 
method for the determination of the purity of 3-methoxy-4-hy- 
droxyphenylalanine in the presence of impurities such as non- 
methylated catecholamines and other nonamino catechol com- 
pounds. Figure 2 shows a fluorescence calibration plot for 3-me- 
thoxy-4-hydroxyphenylalanine. Good linearity was obtained up to 
a concentration of 1 pglml of drug in the final reaction mixture. 
This calibration plot holds even up to a concentration of 10 pg/ml 
without any significant self-quenching. A 0.1-pg/ml solution gives 
a fluorescence reading twice that of the blank. The present method 
compares favorably with the ferricyanide oxidation method (3) for 
the assay of 3-methoxy-4-hydroxypl1enylalanine in the presence of 
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Figure 1-Excitation ( - - - )  and emission (-) spectra 
(uncorrected) of fluorophre formed between 3-mehxy-4-  
hydroxyphenylalanine and fluorescamine. Emission wavelength 
= 480 nm, excitation wavelength = 390 nm, and 3-mehxy-  
4-hydroxyphenylalanine = 0.29 pg/ml of final reaction 
mixture. 
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Figure 2-Calibration plot for the reaction of 3 - m e h ~ y - 4 -  
hydmxyph.enyla1anine with fluorescamine. 


levodopa and dopamine in terms of simplicity, rapidity, and sensi- 
tivity to 3-methoxy-4-hydroxyphenylalamine. However, in the lat- 
ter method, the interfering fluorescence due to the same catechol- 
amines is less than that found in the present method. 


The utility of the present technique can be illustrated in the 
assay of impurities in levodopa dosage forms. Watson (S), using a 
GLC assay, recently showed that 3-methoxy-4-hydroxyphenylala- 
nine is the exclusive impurity in commercial levodopa dosage 
forms. Capsules of levodopa1° were assayed for 3-methoxy-4-hy- 
droxyphenylalanine using the present assay, both with and with- 
out a prior separation step involving alumina. The content of 3- 
methoxy-4-hydroxyphenylalanine in these capsules had been de- 
termined previously to be 0.35% by the GLC technique (8). Be- 
cause of the relatively large errors involved in integrating the small 
peak generated by 3-methoxy-4-hydroxyphenylalanine in the 
proximity of the parent peak of levodopa, the standard deviation 
for this GLC-determined value was estimated to be at  least 
0.05%11. Using the present fluorometric method with prior alumina 
separation, the 3-methoxy-4-hydroxypbenylalanine impurity con- 
tent was determined to be 0.43 f 0.03% (mean f standard devia- 
tion, four measurements). Without prior alumina separation, du- 
plicate determinations gave values of 0.52 and 0.52% for 3-me- 
thoxy-4-hydroxyphenylalanine in the commercial levodopa cap- 
sules. Thus, i t  is evident that the present fluorometric method is 
accurate in determining the content of 3-methoxy-4-hydroxyphen- 
ylalanine in levodopa dosage form when an alumina separation 
step is employed before fluorescence development. 


The present method possibly could be extended to assay for 3- 
methoxy-4-hydroxyphenylalanine in plasma and other biological 
fluids after it has been separated from catecholamines by alumina 
(4). Where the ratio of 3-methoxy-4-hydroxyphenylalanine to 
other catecholamines is high, alumina separation may not be re- 
quired. For example, in the cerebrospinal fluids of parkinsonian 
patients receiving 3-6 g of levodopa daily, the average levodopa 
level was found to be 0.3-0.5 nmole/ml, whereas the level of 3-me- 
thoxy-4-hydroxyphenylalanine was 2-3 nmoles/ml (9). With this 
low concentration ratio of levodopa uersus 3-methoxy-4-hydroxy- 
phenylalanine, the present method could possibly be used directly 
to determine the concentration of the methylated metabolite in 
the presence of the parent drug without any significant interfer- 
ence. 


REFERENCES 


(1) S. Udenfriend, S. Stein, P. Bchlen, W. Dairman, W. 


(2) R. Laverty and K. M. Taylor, Anal. Biochem., 22,269(1968). 
(3) N. E. AndBn, A. Carlsson, J. Kerstell, T. Magnusson, R. Ols- 


Leimgruber, and M. Weigele, Science, 178,871(1972). 


_____ 


10 Supplied by Mr. James R. Watson, Pharmaceutical Chemistry Division, 
Health Protection Branch, Ottawa, Ontario, Canada. 


J. R. Watson, personal communication. 


840 1 Journal of Pharmaceutical Sciences 







son, B.-E. Roos, B. Steen, G. Steg, A. Svanborg, G. Thiene, and B. 
Werdinius, Acta Med. Scand., 187,247(1970). 


(4) A. H. Anton and D. F. Sayre, J. Pharmacol. Exp. Ther., 138, 
360(1962). 


(5) C. S. Helling and J.-M. Bollag, Anal. Biochem., 24,34(1968). 
(6) G. Bartholini, I. Kuruma, and A. Pletscher, Nature, 230, 


(7) I. Kuruma, G. Bartholini, R. Tissot, and A. Pletscher, Clin. 


(8) J .  Watson, J. Pharm. Sci., 63,96(1974). 
(9) L. T. Kremzner, S. Berl, M. Mendoza, and M. D. Yahr, “Ad- 


vances in Neurology,” vol. 2, Raven Press, New York, N.Y., 1973, 


533(1971). 


Pharrnacol. Ther., 12,678(1971). 


p. 79. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received August 30,1974, from the Department of Pharmaceu- 
tics, School of Pharmacy, State University of New York a t  Buffa- 
lo, Buffalo, NY 14214 


Accepted for publication October 30,1974. 
Supported in part by a Merck Grant for Faculty Development 


(to H.-L. Fung) from the Merck Co. Foundation, and in part by 
General Research Support Grant 5-S01RR-05454-12 from the 
General Research Support Branch, Division of Research Facilities 
and Resources, National Institutes of Health. 


To whom inquiries should be directed. 
* Undergraduate research participant. 


Systematic Identification of Drugs of Abuse I: 
Spot Tests 


ASAAD N. MASOUD 


Abstract 0 More than .40 of the most commonly encountered 
street drugs were subjected to several spot tests. These tests were 
carried out in a special sequence leading to the construction of a 
flowsheet. Thus, with a limited number of simple testa, it is possi- 
ble to identify tentatively or narrow down the drug. Since each 
drug investigated was subjected to all selected tests, whether such 
tests were developed for this type of compound or not, some unex- 
pected and undocumented results were obtained. 


Keyphrases Abuse drugs-systematic identification, spot tests, 
flow chart Drugs, abuse-systematic identification, spot tests, 
flow chart Spot tests-drugs of abuse, systematic identification 


Spot tests still serve a valuable role in the identifi- 
cation of abused drugs today. Since many of the ab- 
used drugs are nonproprietary preparations and are 
prepared and marketed without any standards or 
quality control by any authority, they often contain 
substances other than what they are alleged to con- 
tain. Therefore, a fast simple battery of tests to pro- 
vide preliminary information concerning the drug is 
needed. 


In spite of the limitations of spot tests, such as the 
occurrence of false positives or false negatives, the 
lack of specificity, and the difficulty of interpreting 
some results, they still provide speedy answers to 
preliminary questions pertaining to these substances. 
The useful information provided by spot tests in- 
cludes: (a) the definite absence of a compound or a 
group of compounds, and (b) the possible presence of 
a compound or compounds that belong to a certain 
group. The positive information provided by these 
tests will help in the selection of the specific confir- 
matory tests necessary. 


The purpose of this work was to increase the use- 
fulness of spot tests. More than 40 of the most com- 
mon street drugs were subjected to nine different re- 
agents. The results obtained provided a basis for the 


systematic classification of these drugs on an identifi- 
cation scheme. They also produced a number of 
unexpected and undocumented uses for conventional 
tests. Many false negatives and false positives were 
encountered and documented. These results increase 
the value of the tests once they are recognized and 
considered. 


EXPERIMENTAL 


Materials-The 43 drugs’ investigated in this work are grouped 
in Table I according to their chemical nature and some of the re- 
sults obtained in this work. 


Preparation of Samples-The preparation of the standard ref- 
erences for the spot tests varied according to the test and the form 
of the drug provided. In general, the spot tests were performed di- 
rectly on the powdered or liquid forms. For specific tests where no 
moisture is desired and where the drug has to be in a powdered 
form, solvents were removed from drugs available only in solution. 


Generally, 1-2 mg was used for the tests, however, lysergide was 
detected in quantities as low as 5 fig. The tests were performed in 
10-ml clear glass test tubes, and observation continued for ap- 
proximately 30 min after the testa were completed. 


Reagents and Procedures-The following reagents were pre- 
pared as indicated. 


Mayer’s Reagent (1)-This reagent consists of: mercuric chlo- 
ride, 0.68 g; potassium iodide, 2.5 g; and distilled water to make 
100 ml. 


Dragendorff‘s Reagent (2)-Solution A consists of: bismuth 
subnitrate, 0.85 g; distilled water, 40 ml; and acetic acid, 10 ml. So- 
lution B consists of: potassium iodide, 8.0 g; and distilled water, 20 
ml. To prepare the concentrate, 5 volumes of A and 2 volumes of B 
are mixed. In this investigation, 20 ml of acetic acid was added to 
10 ml of the concentrate, which was then diluted with 100 ml of 
distilled water (3). 


Wagner’s Reagent (4)--This reagent consists of: iodine, 1.27 g; 
potassium iodide, 2 g; and distilled water to make 100 ml. A small 
amount of the drug is dissolved in a few drops of 10% HC1. The re- 
agent is then added dropwise to the acidic solution. A precipitate is 


Obtained from the United States Pharmacopeial Convention, Inc., the 
National Institute of Mental Health, and miscellaneous pharmaceutical and 
chemical companies. 
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Synthesis and Neuromuscular Blocking 
Activity of a 3,3’-Bisbufo‘tenidine Analog 


Keyphrases 3,3’-Bisbufotenidine analog-synthesized and 
screened as possible muscle relaxant, neuromuscular blocking ac- 
tivity 0 Bufotenidines-synthesis and screening of 3,3’-bisbufo- 
tenidine analog, neuromuscular blocking activity Neuromus- 
cular blocking activity-3,3’-bisbufotenidine analog, effect of size 
0 Muscle relaxants, potential-synthesis and screening of 3,3’-bis- 
bufotenidine analog, neuromuscular blocking activity 


To the Editor: 


In correlating the neuromuscular blocking activity 
of some indole-3-alkylamines with their chemical 
structures, it was previously demonstrated (1-4) that 
the presence of two hetero atoms (0 and N) in the 
molecule, intervened by six carbon atoms through 
the shortest route, is essential. It was also shown that 
the degree of activity, although not restricted to qua- 
ternary amines only, was a function of the pKa of the 
test compounds. 


Accordingly, the neuromuscular blocking activity 
of bufotenidine (I) was found to be the most potent 
among the series of compounds (I-IV) tested. Bufo- 
tenidine itself, however, showed a significant differ- 
ence in its activities in uivo and in uitro. Thus, the 
antiacetylcholine effect of I on the rectus abdominis 
muscle of the frog was almost equipotent to that of 
tubocurarine, while its effect on the reversal of neo- 
stigmine block on sciatic nerve-gastrocnemius mus- 
cle preparation of albino rats was five to six times less 
than the latter. The possibility that the size of the 
molecule may be responsible for this difference in ac- 
tivity was repeatedly considered theoretically (2-5) 
but not tested by observation. We have now obtained 
evidence to support this contention. 


For these purposes, the bisbufotenidine analog (V) 
was synthesized from 5-0- benzylbufotenine (VI), 
and its neuromuscular blocking activity was tested 
both in vitro and in uiuo. The synthesis was based on 
two previous reports: (a) that indolyl magnesium ha- 
lides are ionic in tetrahydrofuran solution (6), and 
(b) that cyclization of an ethereal suspension of N,- 
dipteryl magnesium iodide with anhydrous ferric 
chloride affords ruc-chimonanthine (7). 


Accordingly, 3- (2-N,N- dimethylaminoethyl) -5- 
benzyloxyindole (5-0- benzylbufotenine) (VI) was 
first subjected to ionization of N,  by formation of the 
Grignard reagent (VII), followed by oxidation with 
anhydrous ferric chloride to yield V as the major 
product. Methyl magnesium iodide was prepared 
from magnesium turnings (0.95 g) and methyl iodide 
(5.5 g) in anhydrous ether (300 ml) under a nitrogen 
cloud. A solution of 5-0-benzylbufotenine (11.5 g) in 
ether (500 ml) was added dropwise in 1 hr to the 
stirred solution of methyl magnesium iodide. The re- 
sulting suspension was stirred for a further 2-hr peri- 
od, and then a solution of anhydrous ferric chloride 
(7 g) in ether (200 ml) was added dropwise. 


The reaction was stirred for 12 hr and then treated 
with an aqueous solution of ammonium chloride to 


VII 


effect mild acidic hydrolysis of the product. The 
ethereal layer was separated, the aqueous solution 
was made basic (pH -101, and the liberated bases 
were extracted with ethyl acetate. The gelatinous 
precipitate of ferrous hydroxide was adsorbed on 
powdered cellulose. The solids were removed by filtra- 
tion, and the residue was again extracted with hot 
ethyl acetate. The total extractives (8.4 g), obtained 
from the ether and ethyl acetate extracts, revealed 
four major spots due to quaternary bases, in addition 
to the unreacted indolealkylamine (VI, 54%), on TLC 
analysis [silica gel G1, benzene-ethyl acetate (4:1)]. 


The benzyl group was removed from the mixture of 
products by treatment with trifluoroacetic acid (20 
ml) a t  room temperature for 18 hr (8). Column chro- 
matography of the resulting mixture of phenolic 
bases over a magnesia silica gel2 and a resin3 gave the 
major product (1.72 g, 22%) as a microcrystalline 
solid. The compound, mp 210-214’, C24H32N402C12 
(elemental analyses and potentiometric titration), 
showed spectral properties, e.g., UV: A,, (ethanol) 
238 (log E 4.02) and 295 nm (log E 3.61) [indicating the 
presence of a quaternary N,-C-Nb+ system since, 
on dequaternization with lithium aluminum hydride 
in tetrahydrofuran, the maxima were shifted to X 248 
and 307 nm (911; PMR (CD30D): 6 3.24-3.30 (12H, 
N+-CH3), 4.28-4.31 (2H, N-CH-N+), and 6.8-7.4 
(6H, Ar-H). The mass spectrum of the dequater- 
nized product (phenolic tertiary base) showed, aside 
from the molecular ion peak at  mle 378 (14%), signif- 
icant fragment ion peaks at  rnle 188 (22), 187 (16), 
146 (68), and 43 (base peak), characteristic of sym- 
metrical scission of the dimeric indolic base. On the 
basis of these data, the major product was assigned 
Structure V. 


The bisbufotenidine analog (V) exhibited the ex- 
pected pronounced curariform activity on the rectus 
abdominis muscle of the frog, inhibiting acetylcho- 
line-induced spasm without affecting the potassium 


E. Merck. 
Florid. 
Amberlite CG-400 (Cl-). 
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chloride-induced contractions. The inhibition was re- 
versible and the spasmolytic ED50 was 0.82 pg/ml. 
Bufotenidine and tubocurarine, in parallel assays, 
showed spasmolytic EDSO’S of 1.45 and 1.38 pg/ml, re- 
spectively. Subsequently, the effect of the quaternary 
dimeric alkaloid (V) to hasten the reversal of tetanic 
response due to neostigmine (0.3 mg/kg iv) on sciatic 
nerve-gastrocnemius muscle preparation of albino 
rats (10) was studied. The response, in absence of the 
test compounds, started recovering in about 10-15 
min and was almost completely recovered by 30-40 
min. The reversal process was brought to completion 
by 10-15 min after the administration of bufotenid- 
ine (I, 0.2 mg/kg iv), bisbufotenidine analog (V, 0.01 
mg/kg iv), or tubocurarine (0.015 mg/kg iv). 


The curarimimetic activity of V was also tested in 
chicks according to the method described by Lewis 
(11). The test compounds were injected intravenous- 
ly through the alar vein in groups of 10 chicks. All 
three compounds showed flaccid paralysis of the 
limbs with flexion of the head of chicks in doses of 50, 
4, and 10 pg for I, V, and tubocurarine, respectively. 
From these results, it  appears that the bisbufotenid- 
ine analog could be of potential therapeutic impor- 
tance as a muscle relaxant. The nominal side effects 
encountered during its routine pharmacological 
screening may not pose any serious obstacle to its 
possible use as an adjuvant to anesthesia. 
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REVIEWS 


Pharmaceutical  Calculations. By JOEL L. ZATZ. Wiley, 605 
Third Ave., New York, NY 10016, 1973. 311 pp. 17 X 25.5 cm. 
Price $7.95. 
Using the format of linear programming with occasional 


branched remedial sequences, this book adequately presents the 
most important aspects of pharmaceutical calculations. The book 
actively involves the student in the learning process by requiring 
frequent responses and solutions to short questions and problems. 
The material is presented in 11 chapters covering the interconver- 
sion of pharmaceutical systems of weights and measures, elemen- 
tary prescription notation and drug dosing, formula adjustment, 
calculation of percentages and other expressions of concentration, 
stock solutions, dilutions and concentrations, and milliequivalents. 
Zatz is careful and thorough in his presentation of unit labels in the 
basic review of mathematical operations and in his treatment of 
scientific notation. Accuracy of measurement using pharmaceutical 
equipment is conveniently linked to a presentation of factors affect- 
ing percent error and ways of determining significant figures. 


The first seven chapters contain useful concise statements of ob- 


jectives and-goals, usually with some indication of the competence 
the student may be expected to achieve from a study of each chap- 
ter. The last four chapters are not consistent in their introduc- 
tions, thereby losing some of the cohesiveness of the book. Fur- 
thermore the use of a cumbersome and oftentimes confusing sym- 
bol for minim, coupled with the dual use of the letter j as a general 
symbol for an unknown quantity as well as the final “i” in a roman 
numeral, represents typesetting shortcomings of this first edition 
that can seriously mislead all but the most astute students. For all 
of his intent to  present problems and methods in a logical straight- 
forward manner, the author makes the student unnecessarily de- 
pendent upon the arbitrary use of ratios and proportions in a large 
number of problem groups. 


While the book may be helpful to some students undertaking in- 
dividualized or self-paced study in pharmaceutical calculations, it 
will be most useful in a course where it finds companion explana- 
tion and clarification by the professor, particularly in the areas of 
methods and rationale for the calculation of apothecary percent 
w/v and ratio strength. The book can function as a helpful guide 
and workbook for the student, but its contents may require sup- 
plementary problem sets for mastery. The book is generally effec- 
tive in its scope, variety of problems, and presentation style. It 
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Inhibition of Pseudomonas Burn Wound Infection by 
Mafenide Dry Foam 


PATRICK N. CATANIA" and JAMES C. KING 


Abstract The results of an in uiuo evaluation of 8.5% mafenide 
dry foam are described. Using burned guinea pigs infected with 
Pseudomonas aeruginosa, mafenide was applied every 12 hr as the 
dry foam or as the commercially available ointment. After 156 hr 
of therapy with the medicated dosage forms, the previously infect- 
ed areas did not demonstrate the presence of Pseudomonas. How- 
ever, all nonmedicated, infected controls produced positive cul- 
tures. Both medicated dosage forms demonstrated equivalent effi- 
cacy in the inhibition of Pseudomonas on burn wounds. 


Keyphrases 0 Mafenide-dry foam formulation, inhibition of 
Pseudomonas burn wound infection 0 Burns-inhibition of Pseu- 
domonas burn wound infection by mafenide dry foam 0 Pseudo- 
monas infections in burns-inhibition by mafenide dry foam 


Earlier (l), the formulation and in uitro evaluation 
of medicated dry foams were reported. The dry foam 
was described as a light, flexible, aerated film, with 


Table I-Results of Mafenide Therapy on Infected Burns 


Number of Animal9 with Positive Pseudomonas 
Culturesc after Treatmentd with 


Unin- 
Mafenide Mafenide fected Infected 


Hoursa Dry  Foam Ointment Control Controle 


12 14 
24 1 
36 0 
48 0 
60 0 
72 0 
84 0 
96 0 
108 0 
120 0 
132 0 
144 0 
156 0 


4 2 15 
1 5 15 
0 6 15 
0 5 15 
0 8 15 
0 8 15 
0 8 15 
0 10 15 
0 5 15 
0 8 15 
0 8 15 
0 8 15 
0 6 15 


- 
hydrophilic properties that permit ease of applica- 
tion and removal from denuded surfaces. Further- 
more, it was postulated that the local use of medicat- 


Times listed are the hours after inocdation with an Overnight broth CUI-  


ture of Ps. aerugimsa. "ach of 15 animals received four full thicknesa 
thermal injuries. C A positive culture was considered to be one in which five 
or more Ps. aeruginosa colonies were isolated and identified from a hum. 


Treatment consisted of 8.5% mafenide ointment or dry foam, applied to ed dry foams may obviate Some disadvantages assmi- the involved site everv 12 hr for 156 hr. In addition. one burn w r  animal 
~ ~ ~~~~~ ~ ~ I ~~~~ ~~~~~ 


~~ ~~ 


ated kith currently available dosage formi. This re- served as the uninfected untreated control, and one burn per animal served 
as the infected untreated control. Student f computations indicate p < 0.005 


Dort describes the results of the in I I ~ V O  evaluation of after 24 hr of therauv. e Other controls: AII cdtures from 1.5 h u m  treated 


mafenide dry foam. 


EXPERIMENTAL 


In Vivo Evaluation-The burned, infected guinea pig was se- 
lected as the animal model. Fifteen male guinea pigs, approximate- 
ly 300 g, were randomly selected. Approximately 24 hr after shav- 
ing the dorsurn of the animals, four burns were inflicted upon the 
back of each animal under ether anesthesia. 


A burning procedure utilized steam projected through an orifice 
8 mm in diameter. In this manner, steam, cooled to 80-90°, was di- 
rected onto the backs of the animals for 10 sec to obtain four full 
thickness thermal injuries. The animals were then returned to in- 
dividual cages with ample food and water and observed for 24 hr. 


After this period, three burns on each animal were inoculated by 
swabbing with an overnight broth culture of Pseudomonas aerugi- 
nosa (ATCC 9721); the fourth burn on the animal served as the 
burned, uninfected control. Of the three infected areas, one was 
medicated with 0.1 g of 8.5% mafenide ointment', applied by 
means of a sterile blade. The second infected area was medicated 
with a 2.5-cm square of 8.5% mafenide dry foam. The third area 
served as the burned, infected control. 


Swab cultures were obtained every 1 2  hr, immediately prior to 
the application of the dosage form. Repeat applications were con- 
tinued at these same time intervals for 156 hr. 


To determine the effect of the unmedicated vehicles upon in- 
fected burns, 15 infected burns were treated with nonmedicated 
dry foam and 15 infected burns were treated with a nonmedicated 
ointment2. These burns were treated and cultured as described 
every 12 hr for 72 hr (Table I). 


Identification of Pseudomonas-Since mixed colonies were 
cultured from burn areas, appropriate identification tests were 
performed to distinguish the test bacteria from other microorga- 


1 -  ~ 


with nonmedicated ointment every 12 hr for 72 hr were positive for Pseu- 
domonas, and 89 of 90 cultures obtamed from 15 burns similarly treated with 
nonmedicated dry foam were positive. 


nisms. Initial differentiation was made with the Gram stain ( 2 ) .  
The ability of Pseudomonas species to produce a diffusible, hlue- 
green pigment, pyocyanin (3), also aided in the identification :n 
addition, most strains elaborate another pigment known as py- 
overdin (fluorescein) that fluoresces upon exposure to UV light (4, 
5). For this reason, a short wavelength UV lamp3 was used as an 
aid in identifying and quantifying the Pseudomonas isolated from 
the guinea pig burn areas. 


Visual examination of the Gram-negative bacteria permitted the 
differentiation of three types of bacteria: fluorescent, diffusible 
pigment-producing colonies; ivory-colored colonies; and yellow- 
orange colonies. Test for oxidase and indole were performed on 
representative samples of these three Gram-negative bacteria to 
substantiate the preliminary identification (Table 11). 


RESULTS AND DISCUSSION 


With initial surface growth of Pseudomonas being of primary 
concern in Pseudomonas burn wound infection (6, 7), the burned, 
infected guinea pig was selected as the in uiuo model for comparing 
the effectiveness of mafenide dry foam with that of the corre- 
sponding ointment. Since supra-eschar bacterial colonization is 
usually considered to be the first stage of local sepsis, it was as- 
sumed that eradication of surface colonies would indicate the ef- 
fectiveness of the mafenide-containing dosage forms. Therefore, a 
negative swab culture was selected as the parameter for evaluating 
the medicated preparations. 


By developing suitable burning techniques, four thermal injuries 
of uniform size were inflicted onto the dorsum of each animal. In 
this manner, the two medicated dosage forms could be evaluated 
on each of 15 animals. Furthermore, the effect of diffusion from 


' Sulfamylon Cream, Winthrop Laboratories, Inc., New York, N.Y. 
Neobase Ointment, Burroughs Wellcome & Co., Research Triangle Park, 


N.C. Mineralight, Ultra-Violet Products, Inc., San Gabriel, Calif. 
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Table 11-Results of Microbiological Identification Tests 


Identification Test 
Organisma Gram Sta in  Indole  Oxidase Fluorescence* Pigment“ 


~~ + + + + + + Ps. aeruginosa (ATCC 9721) - - 
Unknown (fluorescent) - - 


+ Unknown (ivory colored) - 
Unknown (yellow colored) - - 


- - - 
- - - 


a Unknown organisms were isolated from burn wounds during in vim studies. Representative samples of these were subjected to the tests indicated to identify 
Pseudornonas. b Fluorescence was observed with the naked eye using UV light. Production of a diffusible pigment indicates a positive result. 


one area to another was determined by utilizing one burn per ani- 
mal as the infected, untreated control. It was assumed that if dif- 
fusion of medication from a treated area to an untreated area were 
to occur, the untreated, infected burns would not demonstrate the’ 
presence of Pseudomonas. However, the untreated, infected burns 
produced positive cultures for the test organism throughout the 
study. For this reason, it was assumed that diffusion of the active 
ingredient from one burn to another did not occur and, therefore, 
did not have an inhibitory effect upon the test organism in un- 
treated areas. Therefore, the use of four burns per animal, each 
treated with a different dosage form, appeared to be a reasonable 
study method. 


T o  determine if cross-contamination might occur from an infect- 
ed burn to an adjacent area of no colonization, the fourth burn on 
each animal was not seeded. This burned, uninfected, untreated 
control served to demonstrate that  recontamination was occurring 
throughout the study, since six of these areas produced positive 
cultures at the end of the study. From this observation, it seemed 
probable that cross-contamination of the other burns was occur- 
ring a t  a similar rate. 


However, since the burns treated with the medicated dry foam 
or medicated ointment produced no positive cultures, it is suggest- 
ed that both medicated dosage forms were equally effective in in- 
hibiting the growth of Pseudomonas in uiuo. That  is, both prepa- 
rations eradicated supra-eschar colonization after 36 hr of therapy 
and subsequently prevented the expected cross-contamination due 
to the presence of Pseudomonas on the other burn areas. Both the 
in uitro and in uiuo methods of evaluation suggest that  the dry 
foam and ointment are equally effective dosage forms for mafen- 
ide. 


T o  demonstrate visually the presence of Ps. aeruginosa on the 
burns, the methods of Ward et 01. ( 6 )  and Caplan (8) were used. At 
the conclusion of the study, UV light was directed onto the burns 
to detect the characteristic fluorescence of the test bacteria. Un- 
fortunately, mafenide fluoresced with a similar intensity and color 
to that of fluorescein; therefore, no differentiation could be made 
between the presence of Pseudomonas and the presence of mafen- 
ide. 


The untreated, infected areas produced fluorescence character- 
istic of Pseudomonas. Of the 15 infected, untreated burns, all pro- 
duced fluorescence on exposure to UV light. This indirect visual 
demonstration of the presence of the test organism tends to val- 
idate the swabbing technique used, because all infected, untreated 
burns produced positive cultures for Pseudomonas. 


In addition, macroscopic examination of the burned, uninfected 
areas under UV light produced fluorescence with five burns. In 
contrast, six of these areas produced cultures positive for Pseu- 
domonas. This discrepancy between the number of fluorescent 
areas and the number of areas with positive cultures may be ex- 


plained by the limitation of the UV technique. According to Polk 
et al. (9), the fluorescence of Pseudomonas may be observed with 
the naked eye as the concentration approaches and exceeds lo5 or- 
ganisms/cm2. Evidently, the contamination and proliferation of 
Pseudomonas on the initially uninfected areas were not of suffi- 
cient magnitude, so the fluorescence was not visible on the sixth 
area. 


SUMMARY AND CONCLUSIONS 


This report provides additional data regarding a medicated d r y  
foam for local therapy. Using the burned, infected guinea pig, the 
efficacy of 8.5% mafenide dry foam was compared with that of the 
corresponding commercial ointment. Since both medicated dosage 
forms demonstrated equivalent efficacy in inhibiting Ps. aerugino- 
so on burn wounds, further study is indicated to  assess the utility 
of a medicated dry foam as a useful approach to local therapy in 
human subjects. 
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Isolation of 19a-H-Lupeol from Mucluru pornifera 


J. E. GEARIENX and MICHAEL KLEIN 


Abstract A reinvestigation of the constituents of the Osage or- 
ange (Maclura pornifera ) yielded, in addition to the previously re- 
ported triterpenes (lupeol, butyrospermol, and lupane-3P,20-diol), 
the pigments osajin and pomiferin, and a previously unreported 
constituent. The structure of this new compound was investigated. 
On the basis of spectroscopic and chemical data, it appeared to be 
an epimer of lupeol and is referred to as 190-H-lupeol. 


Keyphrases 0 Osage orange (Mac lu ra  pornifera) -reinvestiga- 
tion of constituents, isolation and identification of 19a-H-lupeol 
Maclura pornifera (Osage orange)-reinvestigation of constitu- 
ents, isolationand identification of 190-H-lupeol n 19a-H-Lupeol- 
isolation, identification from Osage orange (Maclura pornifera) 


The resistance of the Osage orange to insect attack 
led to a reexamination of the constituents of its fruit. 
Along with previously reported constituents (1-51, an 
unreported epimer of lupeol was also isolated. 


The dried fruit of the Osage orange yielded a mix- 
ture of triterpenes and pigments when extracted with 
petroleum ether. After separation of the pigments by 
chromatography, the triterpene constituents were ob- 
tained as a viscous oil. After refluxing the oil with al- 
coholic potassium hydroxide and extraction with 
ether, a solid containing the triterpene alcohols was 
obtained. When chromatographed on basic alumina 
with various solvents (Scheme I), a partial separation 
of the constituents was obtained. 


Each fraction was treated with a mixture of acetic 
anhydride-pyridine. Butyrospermyl acetate and lu- 
penyl acetate (Ib ) were isolated from the petroleum 
ether fraction; lupane-3&2O-diol 3-monoacetate was 
isolated from the alcohol fraction when eluted with 
benzene-ethanol (3:l). In addition, elution of a frac- 
tion with petroleum ether-benzene (4:l) from basic 
alumina gave a compound later shown to be 19a-H- 
lupenyl acetate (IIb ), a previously unreported con- 
stituent whose IR spectrum was similar to that of Ib. 


Their NMR spectra appeared identical except in 
the methine region a t  6 1.59-1.65. Mass spectrum 
fragmentation patterns, of which several peaks were 
assigned previously (4) as being characteristic of the 
lupane ring system, were identical except for the per- 
cent relative abundance for certain peaks and there- 
fore did not provide conclusive data in distinguishing 
between the two. Parent ions were mle 468 for Ib and 


Iu: R = H IIa: R = H 
Ih: R =-COCH, IIb: R = -COCH, 


IIb and mle 426 for the alcohols Ia and IIa. Specific 
rotations differed, and mixed melting points were de- 
pressed. 


EXPERIMENTAL' 


Materials-The ripe fruit2 of the Osage orange tree was gath- 
ered in a grove in Chicago, Ill., in fall 1967. The alumina" was ob- 
tained commercially. Chromatographic solvents were distilled 
prior to use. Petroleum ether used for chromatography had a boil- 
ing range of 40-60'. 


Chromatographic columns were prepared by mixing the adsor- 
bent with petroleum ether into a slurry, pouring into a column, 
and allowing to settle. Excess petroleum ether was recycled 
through the column. Compounds were then adsorbed onto the col- 
umn and eluted with the indicated solvents. 


Extraction of Tri terpenes and  Pigments-The ripe fruit of 
the Osage orange tree was dried in an oven a t  60°, and it was then 
broken with a hammer into fine pieces and crushed to a powder in 
a mortar and pestle. I t  (74 g) was extracted with petroleum ether 
in a soxhlet extraction apparatus for 48 hr. After this time, the ex- 
traction material was replaced with a fresh portion. 


This procedure was repeated 50 times until a total of 3.5 kg of 
dried fruit was extracted. Evaporation of the extract on the flash 
evaporator yielded a mixture of a solid yellow powder in a brown- 
colored oil (600 g, which amounted to 17.1% of the dried fruit). 


Separation of Tri terpenes and  Pigments-The petroleum 
ether extract (70 g) was placed on a basic alumina column (1.5 kg) 
and eluted with 500 ml each of petroleum ether, carbon tetrachlo- 
ride-petroleum ether ( l : l ) ,  and finally carbon tetrachloride. The 
remaining yellow material on the column was eluted exhaustively 
with 500 ml of methanol. Evaporation of the solvent yielded a 
dark-brown oil (15 g), from which the pigments osajin and pomi- 
ferin were obtained, following the procedure of Wolfram et al. (5). 


Hydrolysis of Osage Orange Extract-The fractions of Osage 
orange extract that  were eluted with petroleum ether, petroleum 
ether-carbon tetrachloride (l:l), and carbon tetrachloride were 
combined. The solvent was evaporated on the flash evaporator, 
yielding a thick brown oil (50 9). To this oil was added 5 liters of 
95% ethanol and 20.0 g of potassium hydroxide. The resulting mix- 
ture was heated a t  reflux for 72 hr. 


The alcohol was removed on a flash evaporator, leaving a thick 
yellow oil. Water (1 liter) was added, and the mixture was extract- 
ed with three 1-liter portions of methylene chloride. The meth- 
ylene chloride portion was evaporated, yielding 25 g of light-brown 
solid material. 


Separation of Tri terpene Alcohols-The mixture of triter- 
pene alcohols (25 g) was chromatographed on 200 g of basic alumi- 
na. Exhaustive elution with petroleum ether (1.5 liters) yielded a 


' Melting points were determined on a Thomas-Hoover capillary melting- 
point apparatus and are uncorrected. Elemental analyses for carbon and hy- 
drogen were performed by Dr. Kurt Eder, Geneva, Switzerland, and by 
Micro-Tech Laboratories, Inc., Skokie, Ill. The NMR spectra were deter- 
mined using a Bruker model HFXO5 90-MHz spectrometer and were re- 
corded downfield from tetramethylsilane as an internal reference. IR spectra 
were obtained with a Perkin-Elmer recording spectrophotometer, model 
337, using KBr pellets. IR spectra with microquantities were determined 
with the aid of a Wilks scienlific model 9 single-beam internal reflection at-  
tachment on a KRS-6 reflector plate (50 X 20 mm). Mass spectral data were 
ohtained by means of the Hitachi Perkin-Elmer model RMU-GD spectrome- 
ter. UV spectra were obtained using a Perkin-Elmer model 202 double-beam 
recording spectrophotometer. Optical rotation were performed on a polaro- 
meter (No. 283) by 0. C. Rudolph & Sons, Caldwell, N.J., in chloroform. Au- 
thentic samples of lupeol acetate, butyrospermol, and lupane-3~,20-diol :1- 
monoacetate were obtained through the courtesy of Professor K .  G. Lewis. 
University of Australia, Armisdale, WSW. 


The fruit was identified by Professor Frank A. Crane, Department of 
Pharmacognosy and Pharmacology, University of Illinois a t  the Medical 
Center, Chicago. A sample is kept a t  that  institution. 


Chromatographic Alumina F-20 (Activity I, basic), Alcoa Chemicals. 
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Scheme ]-Separation of constituents 


light-brown solution which, after removal of the solvent, gave a 
solid (Fraction I, 15 9). Further purification of Fraction I (2.5 g) by 
chromatography was required, eluting on basic alumina (100 9). 
Three solvent systems were applied. The fraction eluted with pe- 
troleum ether was labeled IA (1.1 g). Elution with petroleum ether- 
benzene (1:l) yielded Fraction IB (0.25 g), and final elution with 
absolute ethanol yielded Fraction IC (0.1 9). 


Fraction IA: A Mixture of Butyrospermol and Lupeol-Remov- 
a1 of the solvent of Fraction 1A yielded a brown solid. Fraction IA 
was recrystallized from acetone, collected on a buchner funnel, and 
washed with acetone to remove the adhering tar-like material. The 
fine white crystals remaining were allowed to  air dry and then were 
recrystallized from 95% ethanol to give a white solid (1.0 g), which 
was treated overnight a t  room temperature with pyridine (10 ml) 
and acetic anhydride (15 ml) t o  give a solid monoacetate. The reac- 
tion mixture was filtered and the solid was recrystallized three 
times from 95% ethanol to give 0.48 g of lupenyl acetate, mp 213- 
214", 


Anal.-Calc. for C32H5202: C, 82.02; H, 11.11. Found; C, 81.96; 
H, 11.25. 


Formation of 29-norlupan-20-one-3fl-yl acetate (VIII), by reac- 
tion of lupenyl acetate with ozone, showed the position of a C-19 
methine proton in the NMR spectrum a t  6 3.70 ppm as a quartet 
( J  = 4.6 Hz). 


T o  a solution of 0.1 g (0.02 mole) of lupenyl acetate in 10 ml of 
absolute ethanol was added a solution containing 0.02 g (0.036 
mmole) of potassium hydroxide in 10 ml of 70% ethanol. The mix- 
ture was heated a t  reflux for 4 hr. The solvent was removed on the 
flash evaporator, and 20 ml of water was added. Lupeol was ex- 
tracted with methylene chloride. 


The methylene chloride was evaporated on the flash evaporator, 
and the remaining white solid was recrystallized from acetone. The 
white crystals were dissolved in petroleum ether and chromato- 
graphed on 50 g of basic alumina. Elution with benzene-absolute 
ethanol (5: 1) gave lupeol. Lupeol was recrystallized from acetone 
to give fine white needles, mp 210-211°, [a]:: +30° [lit. (16) mp 
210-212O, [a]g +26.4"]. Lupeol (0.08 g, 0.019 mmole) was obtained 
in 94% yield. 


The filtrate from the acetylation that led to the formation of 
Fraction IA was evaporated by removal of the solvent on the flash 
evaporator. The yellow flaky residue was recrystallized from 95% 
ethanol using decolorizing activated charcoal. Further recrystalli- 
zations from acetone yielded butyrospermyl acetate (0.41 8). mp 
139-140°, [a ]g  +12O [lit. (6) mp 142.5-144', [ a ] ~  +lo0]. 


The IR spectrum was identical with that of the product of acety- 
lation of an authentic sample of butyrospermol, and there was no 
depression of melting point upon admixture of that acetylation 
product. The mass spectrum indicated mle 468. 


T o  a solution of 20 mg (0.04 mmole) of butyrospermyl acetate in 
10 ml of 95% ethanol was added 10 mg (0.25 mmole) of sodium hy- 


+42O [lit. (6) mp 214-215O, [ a ] ~  +41°]. 


droxide in 10 ml of 70% ethanol. The resulting solution was heated 
to reflux for 2 hr. The solvent was evaporated, water was added, 
and the butyrospermol was extracted with ether several times. The 
ether fraction was evaporated to  dryness, and the resulting solid 
was recrystallized several times from methanol, mp 112-113', [a];; 
-12O (lit. (6) mp 111-112°, 


I t  was identical with authentic butyrospermol and showed no 
depression of melting point upon admixture of an authentic sam- 
ple. The IR spectra were identical. 


Anal.-Calc. for C3,,H%O: C, 84.50; H, 11.74. Found: C, 84.30; H, 
11.58. 


Fraction IB-Removal of petroleum ether and benzene from 
Fraction IB yielded a brown-colored tar. Recrystallization of the 
substance from acetone yielded a tan-colored solid, which was col- 
lected on a buchner funnel, washed with acetone-water, and then 
allowed to dry. This procedure gave 0.2 g of Fraction IB. 


Fraction IB (2.0 g) was chromatographed on 100 g of basic alu- 
mina. Elution with petroleum ether-benzene (1:l) gave a fraction, 
which was recrystallized from acetone and then 95% ethanol to 
give a solid, mp 180-182'. Treatment with 5 ml of pyridine and 10 
ml of acetic anhydride, heating a t  reflux for 10 min, gave a product 
which crystallized upon standing a t  room temperature for 1 hr. 
The product was recrystallized from 95% ethanol, mp 193-195", in 
a yield of 1.5 g (corresponding to 0.38% of the dried fruit). 


The IR spectra of the products from Fractions IA and IB 
showed the presence of a vinylidene group. Both spectra were simi- 
lar with lupeol (Ia ) and lupenyl acetate (Ib ), respectively. 


Separation of 19a-H-Lupenyl Acetate (IIb)-The acetylated 
product (1.2 g) was chromatographed on 200 g of basic alumina. I t  
was eluted with petroleum ether-benzene (4:1), and 15-ml frac- 
tions were collected. The last two fractions (14 and 15) (87 mg, 
0.021% of the dried fruit) were combined and recrystallized from 
95% ethanol to yield a solid, mp 210-211.5", [a]k5 +15O (dioxane). 
The mixed melting point with an authentic sample of lupenyl ace- 
tate was depressed to 193'. 


There were absorption bands in the IR that indicated the pres- 
ence of the vinylidene group (3100, 1650, and 880 cm-I); NMR 


(s, 3, 14a-CH3), 0.780 (s, 3, 17@-CH:3), 2.03 (s, 3, acetoxyl-CH:$), 
1.681 (s, 3, 30-CH3), 4.60 (d, 2, J = 0.1 Hz, vinyl protons on C- 
29), and AB pattern a t  6 4.46 (q, 1, J = 6 Hz, 3cu-H); mass spec- 
trum mle (relative intensity) of major peaks (70 ev): 468 (100) M+, 


-13O]. 


(CDC13): 6 0.84 (s ,  9, ~ C X ,  4P, 10B-CH3), 1.027 ( s ,  3, 88-CH:i). 0.929 


453 (28.6) (M - CH3), 408 (18.5) (M - CH,COOH), 393 (19.0) IM 
- (CH3COOH + CH3)]: 468 (loo), 453 (27.6), 408 (14.9). 393 (8.6); 
(13 ev): 468 (loo), 453 (26.0), 408 (10.4), 393 (7.8); and (10 ev): 468 
(100) and 453 (29.2). Formation of the methyl ketone (IX) by reac- 
tion with ozone indicated the C-19 methine proton in the NMR 
spectrum as a quartet a t  6 4.46. 


Anal.-Calc. for C32H5202: C, 82.05; H, 11.11. Found: C, 81.67; 
H, 11.37. 


Vol. 64, No. 1,  January 1975 f 105 







CH CH, 


VII 
Scheme 11-Mechanism of formation of \k-taraxasterol (Vll) 


from lupeol ( I l l )  


Fractions 9 through 13, thought to be a mixture, were combined 
and recrystallized from 95% ethanol, mp 193-197'. Combined frac- 
tions 14 and 15 were again eluted on basic alumina with petroleum 
ether-benzene (4:l) and gave white crystals, eluting identically. 


T o  a solution of 10 mg (0.02 mmole) of 19a-H-lupenyl acetate in 
10 ml of 95% ethanol was added 10 mg (0.18 mmole) of potassium 
hydroxide in 10 ml of 70% ethanol. The resulting mixture was 
heated to reflux for 3 hr. The solvent was removed on the flash 
evaporator, 10 ml of water was added, and 19a-H-lupeol was ex- 
tracted with ether several times. The ether fraction was evapo- 
rated to dryness, and the white solid remaining was recrystallized 
from acetone and then 95% ethanol, mp 204-206", [a]85+100. 


Anal.-Calc. for C30Hb00: C, 84.50; H, 11.11. Found: C, 84.42; H, 
11.39. 


The mass spectrum indicated mle 426; NMR (CDCI3): 6 0.76 (s, 
3, 4, CH3), 0.828 (s, 3, 4@-CH3), 0.960 (s, 3, 10@-CHs), and 3.15 (q, 
1, J = 6.0 Hz, 3a-H). 


Fraction IC-Removal of the solvent from Fraction IC yielded a 
tar-like substance, which was washed with acetone and then re- 
crystallized from 95% ethanol using activated charcoal. The prod- 
uct (0.08 g) was chromatographed on 100 g of basic alumina with 
benzene-absolute ethanol (3:l) to give an orange-colored viscous 
oil (15 mg). Treatment with pyridine (3 ml) and acetic anhydride 
(10 ml) overnight gave a monoacetate which, after recrystallization 
with acetone and then 95% ethanol, gave needles, mp 253-255', 
[a]:' +16" [lit. (6) mp 248.5-250°, [a]E+13.5"]. 


There was no depression of melting point upon admixture of an 
authentic sample of lupane-3@,20-diol 3-monoacetate. The IR 
spectrum was identical with that of an authentic sample. There 
was a sharp OH stretch a t  3520 cm-', C=O stretch a t  1720 cm-', 
and C-0 stretch a t  1250 cm-I. The mass spectrum gave m/e 486. 


To a solution of 0.3 g (0.06 mmole) of lupane-3~,20-diol 3-mo- 
noacetate in 10 ml of 95% ethanol was added 0.1 g (0.18 mmole) of 
potassium hydroxide in 20 ml of 70% ethanol. The solution was 
heated in reflux for 30 min, and the solvent was distilled off. Water 
(10 ml) was added to the white-colored residue and the product 
was extracted with ether. After distillation of the ether, the prod- 
uct was chromatographed on basic alumina (100 g) with benzene- 
absolute ethanol (1:l) to yield lupane-3,20-diol, mp 238-240", [a]fj5 
+3.9O (lit. (6) mp 238-241', [ a ] ~  +4"]. 
Reaction of Ib  with Ozone-Compound Ib (1.0 g, 0.21 mmole) 


in 20 ml of chloroform was treated with a slow stream of ozone a t  
10' for 1 hr. Completion of the formation of the ozonide was en- 
sured by inserting the outlet tube into a 5% potassium iodide solu- 
tion. The solvent was removed in uacuo at room temperature, 
leaving the transparent glass-like ozonide to which 100 ml of water 
was added. The mixture was heated for 1 hr and then steam dis- 
tilled. To the distillate was added an alcoholic solution of 2,4-dini- 


Ih 


VIII 
Scheme Ill-Formation of 29-norlupan-20-one-3fl-yl acetate 


( V I I I )  by reaction of lupenyl acetate with ozone 


trophenylhydrazine. A yellow solid formed, which was collected on 
a buchner funnel and allowed to dry. The yellow solid was recrys- 
tallized from 95% ethanol to give needles, mp 163' [lit. (7) mp 
166"]. There was no depression of the melting point upon ad- 
mixture of an authentic sample of formaldehyde 2,4-dinitrophen- 
ylhydrazone. The hydrazone derivative corresponded to a 30% 
yield of formaldehyde. 


The residue from the steam distillation was evaporated to yield 
a white solid, which was extracted with ether and washed several 
times with 10% NaHC03. The ether was removed and the product 
was recrystallized three times from acetone and then twice from 
95% ethanol to yield white needles, mp 255-257", [a]:: +9.8' [lit. 
(9) mp 258-260", [a]&' +8.3"]. 29-Norlupan-20-one-3fl-yl acetate 
(0.3 g, 0.063 mmole) was obtained in a 30% yield. 


The IR spectrum indicated loss of the peaks corresponding to 
the vinylidene group in lupenyl acetate a t  3100, 1650, and 880 
cm-'. The carbonyl ketone group showed a peak a t  1695 cm-'. 
NMR (CDC13): 6 0.84 (s, 9, 4a,  48, IOP-CH3), 1.02 (s, 3, ~B-CHR) ,  
0.960 (s, 3, 14a-CH3), 0.764 (s, 3, 17@-CHa), 2.143 (s, 30-CH:3), 2.03 
(s, 3, acetoxyl-CH3), AB pattern a t  6 4.46 (4, 1, J = 6.0 Hz, 3tu-H), 
and 3.70 (q, 1, J = 4.6, Hz, C-29 H); mass spectrum m/e (relative 
intensity) of major peaks (70) ev): 470 (24.1) (M+), 455 (1.9) (M - 
CH3), 440 (2.8) (M - 2CH3), 425 (1.9) (M - 3CH3), 410 (100) (M - 
CH&OOH), 395 (29.6) [M - (CH3COOH + CH3)], 377 (3.7), 367 
(44.6). 354 (6.5), 341 (13.9), and 328 (13.9). 


Anal.-calc. for C3lH5003: C, 79.15; H, 10.64. Found: C, 78.97; 
H, 10.50. 


Reaction of ISa-H-Lupenyl Acetate with Ozone-Following 
the procedure for the ozonolysis of lupenyl acetate, 29-nor-19a-H- 
lupan-20-one-3@-yl acetate was formed from the reaction of ozone 
with 19a-H-lupenyl acetate. The product was recrystallized three 
times with acetone and then two times with methanol, mp 249- 
251", [a];' +43". 


IR spectra showed the loss of peaks, indicating the presence of 
the vinylidene group a t  3100, 1650, and 880 cm-'. The ketone car- 
bony1 group appeared a t  1690 cm-'. NMR (CDC13): d 0.84 (s, 9,4tu, 


17@-CH3), 2.143 (s, 3, ~O-CHR), 2.03 (s, 3, acetoxyl-CH:l), AB pat- 
tern a t  d 4.46 (q, 1, J = 6 Hz, 3a-H), and 4.10 (q, 1, J = 4.8 Hz, C- 
29 H); mass spectrum mle (relative intensity) of major peaks (70 
ev): 470 (24.0) (M+), 455 (2.6) (M - CH3), 440 (1717) (M - ~ C H R ) ,  
425 (5.3) (M - 3CH3). 410 (100) (M - CH,COOH), 395 (30.3) (M 
- CHsCOOH), 377 (4.4), 367 (49.3), 354 (6.6), 341 (13.9). and 328 
(13.9). 


Anal.-Calc. for C31H5003: C, 79.15; H, 10.64. Found: C, 78.90; 
H, 10.57. 


Equilibration of 29-Norlupan-20-one-3@-yl Acetate (VI l l )  with 
Sodium Ethoxide-A solution of 65 mg (0.14 mmole) of VIII in 10 
ml of absolute ethanol was added to a solution of 26 mg (0.4 
mmole) of sodium ethoxide in 10 ml of absolute ethanol. The solu- 
tion was stirred at room temperature for 24 hr. The solvent was re- 


4(3, 10@-CH3), 1.02 (s, 3, 8@-CH3), 0.949 (s, 3, 14a-CH:1), 0.749 ( s ,  3, 







CH,COO 
116 


Scheme IV-Formation of 29-nor-19ay-H-lupan-20-30-yl acetate 
(IX) by reaction of 19a-H-lupenyl acetate with ozone 


moved on the flash evaporator. T o  the resulting brown solid, 40 ml 
of water was added. The mixture was stirred a t  room temperature 
for 2 hr and then extracted with ether. 


The ether was evaporated on the flash evaporator, and to the re- 
sulting product was added 10 ml of a solution of acetic anhydride- 
pyridine (5:l). The mixture was heated for 10 min and then al- 
lowed to stand a t  room temperature for several days, during which 
time crystals formed. The crystals were collected and recrystal- 
lized three times from acetone and then twice from methanol to 
give 50 mg (76%) of a solid, mp 250-251°, [a]:: +43O. 


Anal.-Calc. for C31H4803: C, 79.15; H, 10.64. Found: C, 78.90; 
H, 10.57. 


The product was identical with the product of reaction of 19a- 
H-lupenyl acetate with ozone and showed no depression of melting 
point upon admixture of that  product. 


Conversion of Lupeol (la) to O-Taraxasteryl Acetate (Vll) - 
Following the procedure of Halsall et  al. (13), lupeol (3.0 g, 0.7 
mmole) was converted to O-taraxasterol, which was reacted with 
acetic anhydride (10 ml) and pyridine (5 ml). The product was re- 
crystallized from 95% ethanol several times and eluted over 100 g 
of basic alumina with petroleum ether-benzene (1:1) to give 
a-taraxasteryl acetate (0.1 g, 20% yield), which was isolated as 
Ion white needles, mp 243-244', [a]g +62O [lit. (9) mp 238-240°, 
[ a ] ~  h + 5 6 O 1 .  
. .- 


Conversion of 19a-H-Lupeol (Ha) to O-Taraxasteryl Acetate 
(Vll)  -Following the procedure used in the conversion of lupeol 
to @-taraxasteryl acetate, 19a-H-lupeol (40 g, 0.09 mmole) was 
converted to the identical product, mp 241-242'. There was no de- 
pression of melting point upon admixture of @-taraxasteryl ace- 
tate; IR and mass spectra were identical. 


DISCUSSION 


St ruc tu ra l  Characterization of Epimeric 19a-H-Lupenyl 
Acetate (1Ib)-The lupane carbon skeleton contains 10 areas of 
potential dissymmetry including '2-3; the carbon atoms comprising 
ring junctures C-5 and C-10, C-8 and (2-9, C-13 and C-14, and C-17 
and C-18; and the carbon atom a t  which the isopropenyl group is 
located, C-19. Acidic isomerization of 19a-H-lupeol (IIa ), under 
the conditions specified by Halsall et al. (13), produced the identi- 
cal pentacyclic triterpene as produced by lupeol ( I a  ), Q-taraxa- 
sterol (see partial structure VII, Scheme II), which was isolated as 
the 3-acetate. 


From the mechanism proposed by Halsall et al. (13) (Scheme 
II), the only asymmetric site disturbed by these conditions is C-19. 
The first step predicts protonation of C-19 of partial structure 111, 
leading to the formation of carbonium ion IV with the positive 
center located a t  C-20. Ring enlargement follows to form carhoni- 
um ion V, which places the positive charge a t  C-19. Migration of 
the a-axial methyl group on C-20 leads to carbonium ion VI which, 


X XI 


after loss of a proton, gives O-taraxasterol (VII). Not precluding 
the possibility of another isomer or mechanism leading to forma- 
tion of VII, identical structures for the two epimers I and I1 in 
rings A, B, C, and D were indicated. 


Prominent peaks for lupenyl acetate ( I b )  and 19a-H-lupenyl ac- 
etate (IIb) in their NMR spectra were similar. Major differences in 
the spectra were uninterpretable occurring in the methine area a t  6 
1.59-1.65 ppm. To shift C-19 protons of Ib and IIb irrespectively 
away from interference, both Ib and IIb were treated with ozone to 
yield the corresponding ketones, 29-norlupan-20-one-3~-yl acetate 
(VIII) and 29-nor-19a-H-lupan-20-one-3fi-yl acetate (IX) 
(Schemes 111 and IV). 


Ketone formation with ozone was used to avoid possible distur- 
bance of the asymmetry of C-19, such as in oxidation in acidic 
media with chromic anhydride (8). However, acidic by-products 
are formed by ozone reaction (13). Previously, the ketone purifica- 
tion was performed by removal of acids by extraction with 10% po- 
tassium hydroxide (8). To prevent epimerization a t  (2-19, this was 
avoided by use of sodium bicarbonate. 


The NMR spectrum of VIII indicated a methine proton a t  6 3.70 
ppm, J = 4.6 Hz, attributed to the (2-19 methine proton. It is adja- 
cent to the carbonyl and would be expected to shift downfield. The 
methine proton appeared as a quartet (6 3.82,3.74, 3.67, and 3.59), 
in which first-order rules could be applied for its interpretation. 
The proton is in the environment of three nonequivalent protons, 
so four peaks would be expected. 


If Ib and IIb were epimeric at C-19, ozonolysis of the latter 
should yield Compound IX. The NMR spectrum of its product 
(IX) indicated the C-19 methine proton a t  6 4.10, J = 4.8 Hz, as a 
quartet (6 4.22, 4.14, 4.06, and 3.98), in which first-order rules were 
applied for its interpretation. No other proton in Ib could show a 
quartet in which the coupling constant is about 4.8 Hz unless that 
proton were at C-19. 


The chemical shift difference between the two C-19 quartets of 
VIII and IX is 6 0.40. The difference in chemical shift compared to 
measurements obtained from 15-substituted hydroxy and acetoxy 
derivatives of A4-androstene-3J7-dione (X) and A4-pregnene- 
3,20-dione (XI) (13). The (2-15 position of the five-membered rings 
in X and XI can correspond to substituents of C-19 in I or 11. In 
both sets of molecules, each site in the five-membered ring is the 
third carbon atom from the 0-methyl a t  the ring junction and the 
first carbon atom from the a-hydrogen a t  the ring juncture; they 
are, therefore, models for comparison. 


The chemical shifts of the protons attached to the same carbon 


0 0 


XI1 x 111 


H 
XIV XV 


Scheme V 
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IX 
Scheme VI-Formation of 29-nor-19H-lupan-20-3-yL acetate 
( V I I I )  from 29-norlupan-20-one-3-yl acetate (1x1 with sodium 
ethoxide, followed by dilution with water and reesterification of 


the C - 3  hydroxy group 


atom within the skeletons of X and XI are characteristic of the po- 
sition and configuration in which these protons are situated (13). 
There is a high field shift of an axial proton relative to its equatori- 
al counterpart when these compounds are substituted alcohols. 
The chemical shift difference for the C-15 methine protons is 6 
0.20 + 0.03; for the corresponding 15-substituted acetates, i t  is d 
0.20 (13). 


Epimerization of ketone VIII to IX occurred with sodium ethox- 
ide. The strong base affected only the asymmetry of one carbon 
atom in VIII, C-19. The epimerization of VIII to IX is similar to 
the epimerization of 30-nortaraxastan-20-one (XII) to 30-nor- 
19a-H-taraxastan-20-one (XIII), when absorbed from benzene 
onto neutral alumina [Activity I, pH 7-8 (14)]. In addition, Mar- 
shall and Greene (14) indicated the stereochemical outcome of the 
reaction of the enolate of 7a-benzyloxymethyl-2,3,4,5,6,7,7a-hex- 
ahydroindene-3-carboxaldehyde (XIV) with ethanol. Protonation 
of the enolate by ethanol occurred from the less hindered side to 
give the 0,y-unsaturated aldehyde (XV), in which the carboxal- 


dehyde group is in the @-axial orientation (Scheme V). 
Upon equilibrating VIII with sodium ethoxide, followed by dilu- 


tion with water, extraction with ether, and reesterification with 
acetic anhydride-pyridine, only one pure ketone (IX) was isolated 
(Scheme VI). Where a ring is rigid, such as in steroidal ketones, 
addition reactions to the carbonyl function proceed from the equa- 
torial side (15). As illustrated in Scheme VI, after removal of the 
C-19 proton, the asymmetry a t  that site is disturbed. The configu- 
ration at C-19 of the final product IX is determined in the addition 
step, in which the proton adds from the sterically more accessible 
side equatorially. Therefore, the acetyl group of the final product 
IX is exclusively in the @-axial orientation. 


Since the product of equilibrium of VIII in base gave IX and 
this was identical with the product of ozonation of IIb to IX 
(Scheme IV), it then follows that the difference between Ib and IIb 
is solely a t  C-19. 
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A PAINFUL PROSPECT- 
WITH NO ANALGESIC 


One of the most fundamental principles of physics is that for every action 
there is some comparable reaction. Amazingly, we find that this basic law of 
nature is either overlooked or ignored in determining various national poli- 
cies and strategies. 


In July of last year, we wrote in this column to express our concern that ef- 
forts to bring under control a serious national health problem-namely, drug 
abuse-had reached a level of such extremism that those efforts had come to 
be a health problem in themselves. Specifically, the single-minded determi- 
nation to stamp out drug abuse had proceeded to the point where legitimate 
use of medication is seriously inhibited to the detriment of innocent persons 
needing such medication. 


Moreover, the previous September we had devoted our editorial comments 
to what a t  that time was a current national problem; namely, shortages of 
various goods and commodities, such as gasoline, beef, lumber, and so on. 
Fortunately, at that time, there were no shortages of pharmaceutical prod- 
ucts. Nevertheless, we used that opportunity to warn-the editorial was ti- 
tled “Careless Analysis and Planning’’-that a basic function of government 
in society is to study, analyze, predict, and anticipate various needs of the 
people and then, based upon this exercise, to adjust and take such actions to 
see that demands will be met in an orderly manner and by an efficient pro- 
cess. 


Regrettably, our fears were subsequently realized and significant short- 
ages of national proportions have been experienced during the past year, re- 
lating to several life-saving drugs such as ampicillin, heparin, and quinidine. 


We would like to be able to say that our powers of prediction were right on 
target and we saw this all coming in our crystal ball. However, honesty com- 
pels us to admit that it was pure guess-work that events happened to turn 
out as they did. Consequently, we probably should not fault public officials 
for failing to have made proper plans which would have averted these short- 
ages. 


In our opinion, however, such exoneration should not extend to a situation 
in which knowledgeable people have widely publicized warnings of an im- 
pending shortage of critically needed medicinal agents and even have provid- 
ed facts and documentation to support their cries of alarm. Given these cir- 
cumstances, it seems tragic to us for responsible government officials to turn 
a deaf ear and take little, if any, action to avert such a crisis from developing. 


Such appears to be the prospect with respect to the availability of the fam- 
ily of narcotic analgesics derived from opium. In our zeal to stamp out drug 
abuse, the United States has not only undertaken various programs and ac- 
tivities on the home front but has also entered into agreements abroad to in- 
duce foreign countries to curtail or eliminate the cultivation of the opium- 
poppy. Ignored in this strategy is the fact that codeine, morphine, and other 
medicinal opiate drugs are also derived from this same source, and as a con- 
current effect, the available supply of these critical medicinals is rapidly di- 
minishing. 


This situation has been reported rather widely in both the professional 
and lay press. Perhaps the most articulate, well-documented, and compelling 
report on this impending catastrophe appeared as an editorial entitled, “No 
Opium for Pain-Threatening Medical Crisis,” in the December 26, 1974 
issue of the New England Journal of Medicine. In part, the editorial stated: 
“As the matter stands today, the specter of no opium for pain in the United 
States is well-founded. In the event of a major epidemic or other national 
emergency, this critical shortage of pain-killing opiate drugs could easily 
cause a medical catastrophe. Under these circumstances, doctors and 
nurses in hospitals are about as useful as a fleet of new ambulances with 
little or no gasoline in their tanks.” 


There are many things that government can do not only as well as the pri- 
vate sector but even better. However, narrow-minded bureaucracy, which we 
often associate with the totalitarian state, is sometimes found in every form 
of government. Indeed, such inflexible bureaucracy is the basis for the 
underlying fear that many people hold relative to government intervention 
generally. Be that as it may, the opium situation is one which has been creat- 
ed out of government policy and action-albeit well intended-but now re- 
quires some urgent modification by government in order to avert a needless 
tragedy of national proportion. 
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Systematic Identification of Drugs of Abuse I: 
Spot Tests 


ASAAD N. MASOUD 


Abstract 0 More than .40 of the most commonly encountered 
street drugs were subjected to several spot tests. These tests were 
carried out in a special sequence leading to the construction of a 
flowsheet. Thus, with a limited number of simple testa, it is possi- 
ble to identify tentatively or narrow down the drug. Since each 
drug investigated was subjected to all selected tests, whether such 
tests were developed for this type of compound or not, some unex- 
pected and undocumented results were obtained. 


Keyphrases Abuse drugs-systematic identification, spot tests, 
flow chart Drugs, abuse-systematic identification, spot tests, 
flow chart Spot tests-drugs of abuse, systematic identification 


Spot tests still serve a valuable role in the identifi- 
cation of abused drugs today. Since many of the ab- 
used drugs are nonproprietary preparations and are 
prepared and marketed without any standards or 
quality control by any authority, they often contain 
substances other than what they are alleged to con- 
tain. Therefore, a fast simple battery of tests to pro- 
vide preliminary information concerning the drug is 
needed. 


In spite of the limitations of spot tests, such as the 
occurrence of false positives or false negatives, the 
lack of specificity, and the difficulty of interpreting 
some results, they still provide speedy answers to 
preliminary questions pertaining to these substances. 
The useful information provided by spot tests in- 
cludes: (a) the definite absence of a compound or a 
group of compounds, and (b) the possible presence of 
a compound or compounds that belong to a certain 
group. The positive information provided by these 
tests will help in the selection of the specific confir- 
matory tests necessary. 


The purpose of this work was to increase the use- 
fulness of spot tests. More than 40 of the most com- 
mon street drugs were subjected to nine different re- 
agents. The results obtained provided a basis for the 


systematic classification of these drugs on an identifi- 
cation scheme. They also produced a number of 
unexpected and undocumented uses for conventional 
tests. Many false negatives and false positives were 
encountered and documented. These results increase 
the value of the tests once they are recognized and 
considered. 


EXPERIMENTAL 


Materials-The 43 drugs’ investigated in this work are grouped 
in Table I according to their chemical nature and some of the re- 
sults obtained in this work. 


Preparation of Samples-The preparation of the standard ref- 
erences for the spot tests varied according to the test and the form 
of the drug provided. In general, the spot tests were performed di- 
rectly on the powdered or liquid forms. For specific tests where no 
moisture is desired and where the drug has to be in a powdered 
form, solvents were removed from drugs available only in solution. 


Generally, 1-2 mg was used for the tests, however, lysergide was 
detected in quantities as low as 5 fig. The tests were performed in 
10-ml clear glass test tubes, and observation continued for ap- 
proximately 30 min after the testa were completed. 


Reagents and Procedures-The following reagents were pre- 
pared as indicated. 


Mayer’s Reagent (1)-This reagent consists of: mercuric chlo- 
ride, 0.68 g; potassium iodide, 2.5 g; and distilled water to make 
100 ml. 


Dragendorff‘s Reagent (2)-Solution A consists of: bismuth 
subnitrate, 0.85 g; distilled water, 40 ml; and acetic acid, 10 ml. So- 
lution B consists of: potassium iodide, 8.0 g; and distilled water, 20 
ml. To prepare the concentrate, 5 volumes of A and 2 volumes of B 
are mixed. In this investigation, 20 ml of acetic acid was added to 
10 ml of the concentrate, which was then diluted with 100 ml of 
distilled water (3). 


Wagner’s Reagent (4)--This reagent consists of: iodine, 1.27 g; 
potassium iodide, 2 g; and distilled water to make 100 ml. A small 
amount of the drug is dissolved in a few drops of 10% HC1. The re- 
agent is then added dropwise to the acidic solution. A precipitate is 


Obtained from the United States Pharmacopeial Convention, Inc., the 
National Institute of Mental Health, and miscellaneous pharmaceutical and 
chemical companies. 
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Table I-Investigated Drugs 


Alkaloids 
Atropine 
Caffeine 
Cocaine hydrochloride 
Codeine phosphate 
Diacetylmorphine hydrochloride (heroin) 
Ephedrine sulfate 
Lysergide (lysergic acid diethylamide tartrate) 
Mescaline hydrochloride 
Morphine sulfate 
Nicotine salicylate 
Opium 
Papaverine 
Physostigmine salicylate 
Psilocin 
Psilocybin 
Quinine sulfate 
Scopolamine hydrobromide 
Strychnine 
Yohimbine hydrochloride 


Lidocaine hydrochloride 
MeperidineY 
Methadone hydrochloride 
Methaqualone 
Methylphenidate hydrochloride 
Pentazocine hydrochlorideb 
Phencyclidine hydrochloride 
Procaine hydrochloride 
Propoxyphene napsylatec 
Methapyrilene hydrochlorided 


Amobarbital 
Phenobarbital sodium 
Secobarbital 


Amphetamine sulfate 
Methamphetamine hydrochloride 


Aspirin 
Benzocaine 
Cannabidiol 
Cannabinol 
Diphenylhydantoin sodiumr 
Glutethimidef 
Meprobamate 
Ag-Tetrahydrocannabinol (11) 
Thiopental 


Compounds that Give Positive Alkaloidal Reaction 


Barbiturates 


Amphetamines 


Miscellaneous 


Demerol. Talwin. Darvon. Dormin. ‘ Dilantin. ’ Doriden. 


formed with most alkaloids and some other organic nitrogenous 
compounds. This procedure is followed with the above three alka- 
loidal reagents. 


Marquis Reagent (5)-This reagent consists oE concentrated 
sulfuric acid, 10 ml; and formaldehyde solution, 4096, 8-10 drops. 
It is freshly mixed prior to use. An intense purple color is consid- 
ered a positive; this test is for opiates. 


Cobalt Thiocyanate (5)-This reagent is an aqueous solution of 
2% cobalt thiocyanate. A flaky blue precipitate is considered a pos- 
itive; this test is for cocaine and related compounds. 


Table 11-Alkaloids t h a t  Give Negative Tests with 
One or More Reagents 


Reagent 


Dragen- 
Compound Mayer’s dorff’s Wagner’s 


+ Caffeine - 


Heroin + 
Ephedrine - 
Lysergide - - - 
Mescaline 


+ Morphine + 
Psilocin - 
Psilocybin - - - 


- + + - - 


- - - 
- + - 


Table 111-Nonalkaloids that Give Positive 
Alkaloidal Tests  with One or More Reagents 


Compound 
Dragen- 


Mayer’s dorff’s Wagner’s 


Lidocaine + + + 
Meperidine + + + 
Methadone + + + 


+ Methaqualone + + + Methylphenidate - 


Pentazocine + + + 
Phencyclidine + + + 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


napsylate 


hydrochloride 


- 


- + Procaine - 


Propoxy phene + + + 
Methapyrilene + + + 


Zwikker’s Test (6)-Solution A consists of 1% cobalt acetate in 
methanol, and Solution B consists of 5% isopropylamine in metha- 
nol. In the absence of water, the test is performed by adding to a 
small amount of the drug a few drops of A followed by a few drops 
of B. A blue-violet color is the positive test; this test is for barbitu- 
rates. 


Mandelin’s Test (7)-Ammonium vanadate, 1%, must be added 
gradually to concentrated sulfuric acid with continuous stirring. 
The reagent should acquire an orange color. In this investigation, 
only the formation of an instant conspicuous color is considered 
positive. 


Ehrlichk Reagent (8)-A 0.2% solution of p-dimethylamino- 
benzaldehyde in 65% sulfuric acid is prepared, and 0.2 ml of 5% 
ferric chloride solution is added to each 100 ml. This reagent de- 
composes with light and should be prepared weekly. A purple to 
deep-blue color that develops slowly and becomes more intense 
with time is a positive; this test is for lysergide. 


Duquenois Reagent (5)-Five drops of acetaldehyde and 0.4 g of 
vanillin are dissolved in 20 ml of alcohol USP. This reagent should 
be kept in a glass-stoppered bottle and protected from light; it 
should be discarded upon assuming-a deep-yellow color. 


To the drug or extract, a few drops of the reagent are added fol- 
lowed by a few drops of concentrated hydrochloric acid, and the 
mixture is shaken. Then a few drops of chloroform are added and 
the mixture is shaken again. The test is considered positive if a 
blue-violet color is developed upon the addition of the hydrochlo- 
ric acid and the color migrates to the chloroform layer; this test is 
for marijuana and cannabinoids. 


RESULTS AND DlSCUSSION 


Alkaloidal Reagents-All investigated drugs (Table I) were 
subjected to Mayer’s, Wagner’s, and Dragendorffs reagents, and a 
number of alkaloids gave negative reactions to one or more of 
them. These alkaloids are listed in Table 11. All other alkaloids, 
namely atropine, cocaine, codeine, nicotine, opium powder, papav- 
erine, physostigmine, quinine, scopolamine, strychnine, and yo- 
himbine, gave a positive test to all three reagents. 


A number of nonalkaloids gave positive reactions to one or more 
of the reagents used (Table 111). These compounds have been des- 
ignated as compounds that give a positive alkaloidal reaction. All 


Table IV-Compounds tha t  Give Positive Reaction with 
Cobalt Thiocyanate Reagent 


Atropine Meperidine 
Cocaine hydrochloride Methadone hydrochloride 
Codeine phosphate Methylphenidate hydrochloride 
Heroin Phencyclidine hydrochloride 
Nicotine salicylate Procaine hydrochloride 
Opium Methapyrilene hydrochloride 
Scopolamine Phenobarbital sodium 


hydrobrom ide 
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alkaloidal tests 


I 
positive (a) 


I 
negative 


positive (b)  
Opiates: 


codeine 
heroin 
mqrphine 
opium 
papaverine 


Nonopiates: 
methapyrilene 


meperidine 
hydrochloride 


negative positive 


cobalt thiocyanate phenobarbital 
amobarbital 


I secobarbital 


negative 


Mandelin’s 
I 1 r--l 


I 
positive (c) 
atropine 
cocaine 
nicotine 
scopolamine 
methadone 
methylphenidate 
phenc.yclidine 
procame 


I 
negative 
aconitine 
caffeine 
lidocaine 
physostigmine 


quinine 
strychnine 
methaqualone 
yohimbine 


psgo+Il 


positjve (d)  negative 
asplrin 
benzocaine 
ephedrine 
mescaline Ehqlich’s 


I I 
positive (e)  negAtive 


lysergide 
psilocybin 4 


+ositive negative 
cannabinol amphetamine 
cannabidiol sulfate 
tetrahydro- methamphetamine 


cannabinol thiopental 


Scheme I-Systematic utilization of spot tests. Key: a, compounds that gave a positive test with any of the three reagents wed;  
b, other compounds given in text do not give positive alkaloidal tests; c, other compounds listed in Table IV do not give positive 
alkaloidal tests; d, see criteria for a positive Mandelin’s reagent in the text; and e, psilocin also gives a positive for Ehrlich’s 


reagent but it does give positive nlkaloidal tests. 


other nonalkaloids tested gave negative results to these reagents. 
Marquis Reagent-This reagent produces a characteristic in- 


tense purple color that becomes dark purple and then dark blue- 
violet with opiates (5-7). Such color was observed as expected with 
the five opiates tested, i.e., codeine phosphate, heroin, morphine 
sulfate, papaverine, and opium powder. However, some nonopiates 
produced colors that are very similar to those produced by opiates. 
These false positives produced by ephedrine sulfate, methapyri- 
lene hydrochloride, amphetamine sulfate, meperidine, and 
methamphetamine hydrochloride are not documented in other ref- 
erences known to the author and should be considered when inter- 
preting the results of this test. 


Cobalt Thiocyanate Test-This test is described (5) as an 
identification test for cocaine and procaine hydrochloride (5), but 
the characteristic blue flaky precipitate was also produced in this 
investigation with other drugs. Table IV lists all of the drugs that 
produced a positive test with this reagent. The lack of specificity 
of this test should be considered. However, these drugs are either 
alkaloids or compounds that give positive alkaloidal reaction with 
the exception of phenobarbital sodium. 


Zwikker’s Test-This test, also referred to as the alkaline co- 
balt test, was discussed in detail by Clarke (6). According to 
Clarke, a blue-violet color is produced by barbiturates as well as 
glutethimide. However, in this laboratory, utilizing the reagents 
described earlier, only the three barbiturates used (amobarbital, 
phenobarbital sodium, and secobarbital) produced such color. It 
was not possible to produce a positive test with glutethimide. The 
color produced by glutethimide reference standard was gray and 
was not considered a positive reaction. None of the other drugs in- 


Table V-Easily Characterized Colors Produced by 
Mandelin’s Reagent 


~~ 


Color 
Produced 


Compound Instantly Comments 


Ephedrine sulfate Brick red Stable 
Mescaline hydro- Orange color Changes t o  yellow, 


Aspirin Green with Changes t o  red-violet 
blue t int  


Benzocaine Red-violet Stable 


chloride then green 


vestigated produced positive reactions with this test. 
Mandelin’s Test-This test, also referred to as the ammonium 


vanadate test, has been described for the analysis of more than 150 
different drugs (6,7,9-11). Most of these drugs show slowly,devel- 
oping colors that are yellow, orange, green, gray, or shades of each 
or that change from one to another. The interpretation of such re- 
sults for the purpose of identification is very difficult and should 
not be relied upon. Of the drugs that gave negative alkaloidal tests 
in this investigation, only four compounds gave sharp conspicuous 
colors instantly (Table V). 


Ehrlich’s Reagent-This reagent is also referred to as Van 
Urk’s reagent or simply given the name of its main ingredient, p- 
dimethylaminobenzaldehyde (6, 8). It produces a characteristic 
purple to deep-blue color with lysergide. However, in this study, 
two other indole alkaloids (psilocin and psilocybin) gave similar 
colors to the colors produced by lysergide. Moreover, other ergot 
alkaloids produced similar positive reactions. 


Duquenois Test-Only the cannabinoids gave a positive test. 
Systematic Utilization of These Tests-By using the results 


obtained from the individual tests performed, it was possible to 
construct a flowsheet (Scheme I) giving the specific order for per- 
forming these tests. By following this flowsheet, it is possible, in a 
short time and with a few simple tests, to identify tentatively or to 
narrow down the possibilities of the drug being investigated. Such 
results can be extremely informative in eliminating the possibility 
of a suspected drug or determining the confirmatory tests neces- 
sary for absolute identification. 
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Automated System for Analytical Microbiology V: 
Calibration Lines for Antibiotics 


F. KAVANAGH 


Abstract The accuracy of an automated system for the microbi- 
ological assay of antibiotics was increased by improvement atten- 
dant to connection to an on-line computer. The system was used to 
investigate the suitability of four forms of interpolation formulas 
by assaying for chlortetracycline and erythromycin. The calibra- 
tion lines were prepared as point-to-point straight-line approxima- 
tions and as cubic equations. Cubic equations through four calibra- 
tion points were preferred. Since the automated system was a four- 
channel instrument, a separate response line was prepared for each 
channel. Combining the four response lines into one could sub- 
stantially degrade the accuracy and precision of assays. A new gen- 
eral equation relating the response of the test organism to concen- 
trations of active materials was used to account for factors in addi- 
tion to the antibiotic upon the dose-response line. Some of these 
factors were: diluents, growth substances, relative proportions of 
mixed antibiotics, pH and buffer capacities of the sample solution 
and assay broth, salts, and organic compounds in samples and not 


in standard solutions. The equation was used to show under what 
conditions the dose-response lines of mixtures and single-compo- 
nent antibiotics could be the same. It could also account for the 
nonspecific nature of turbidimetric assays. The equation showed 
assay biases to be caused not by differences in composition of anti- 
biotics in standards and samples but by differences in other sub- 
stances affecting growth of the test organism. A new dose-response 
line applicable to assays using Klebsiella pneurnoniae was de- 
scribed. 


Keyphrases 0 Microbiology, analytical-automated system, cali- 
bration lines for antibiotics 0 Automated analysis-system for an- 
alytical microbiology, calibration lines for antibiotics 0 Antibiot- 
ics-automated system for analytical microbiology, calibration 
lines Chlortetracycline-automated analysis, evaluation of in- 
terpolation formulas, calibration lines 0 Erythromycin-automat- 
ed analysis, evaluation of interpolation formulas, calibration lines 


Automation of critical steps in the turbidimetric 
microbiological assay (1, 2) resulted in a significant 
increase in the accuracy and precision of assays. A 
further increase came when interpolation of sample 
potency was performed by a computer (3). A limita- 
tion of the latter was caused by the three-digit reso- 
lution of the digital voltmeter used to measure out- 
put of the spectrophotometer. Connection of the 
spectrophotometer to the computer dedicated to ana- 
lytical services effected a further increase in accuracy 
and precision (4). The on-line computer had the fur- 
ther advantage of providing a typed report of assay 
results within 5 min after the last assay tube had 
been measured. Computerization of reading and re- 
cording of turbidity and calculations of potencies 
completed automation of the op‘erational parts of the 
assay system. 


Operational aspects of automated assays are now 
of such precision that the form of the calibration line 
used for interpolating potencies of samples can sig- 
nificantly affect accuracy and precision. Attention 
will be directed to consequences of using several 
forms of the lines. One with a theoretical basis and 
four empirical ones will be considered. 


The philosophy guiding the design of the automat- 
ed system (1, 2) was to minimize variances caused by 
operation of the electrical and mechanical parts. The 
same philosophy is applied in this report to treat- 
ment of the data to extract potencies with a mini- 
mum of computational errors. 


EXPERIMENTAL 


Preparation of Tests-The five dose-response lines were ap- 
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Alkaloids of Vinca Species V: Structure 
Elucidation of Herbadine, an Alkaloid 
Isolated from Vinca libanotica 


G. H. AYNILIAN, C. L. BELL, and N. R. FARNSWORTH 


Abstract Herbadine, a novel dihydroindole alkaloid, was isolat- 
ed from the aerial parts of Vinca libanotica Zucc. (Apocynaceae). 
The physical and spectral data (UV, IR, NMR, and mass spectros- 
copy) indicated the alkaloid to be a derivative of ajmaline. Com- 
parative high-resolution NMR studies with quebrachidine and 
high-resolution mass spectral studies established the structure of 
the alkaloid to be 2-epi-3-hydroxyquebrachidine. Herbadine was 
previously isolated from another species by Russian workers and a 
structure was postulated. The current paper gives evidence for a 
corrected structure of herbadine. 


Keyphrases Herbadine-structure elucidation, V. libanotica 
alkaloid 0 Vinca libanotica alkaloids-structure elucidation of 
herbadine 0 Alkaloids- Vinca species, structure elucidation of 
herbadine 


In a previous article (1) the structures and NMR 
spectra of vincamajine (I) and herbamine (III), both 
isolated from Vinca libanotica Zucc. (Apocynaceae) 
(2), were reported. The structure of another dihydro- 
indole alkaloid is now elucidated. This alkaloid, also 
isolated from V. libanotica (2), has a molecular for- 
mula of C21H24N204 and possesses physical and spec- 
tral properties very similar to herbadine (V), recently 
reported to be isolated from V. herbacea (3). How- 
ever, in accordance with the revised structure for her- 
bamine (1) and based on high-resolution mass spec- 
tral studies of herbadine together with high resolu- 
tion NMR studies at 220 MHz of both herbadine and 
the structurally related quebrachidine (II), a new 
structure (IV) is postulated for herbadine. 


EXPERIMENTAL' 


Previously, the isolation and characterization of several alka- 
loids including herbadine from V. libanotica were reported (2). 
Herbadine exhibited a melting point of 202-205" dec. and a UV 
spectrum in methanol having maxima a t  X 292 (log c 3.48), 242 
(3.98), and 212 (4.57) nm, which are typical of alkaloids having the 
dihydroindole moiety. An IR spectrum (KBr) gave absorption 
bands at  urnax 3450 ( s )  (NH andlor OH), 2950 ( s ) ,  2875 (w), 2400 
(w), 1725 (5) (COOCHB), 1615 (s) (indoline), 1560 (w), 1540 (w), 
1460 (w), 1380 (w), 1310 (w), 1290 (w), 1240 (5) (COOCHB), 1200 
(w), 1140 ( s ) ,  1100 (w), 1060 ( s ) ,  1040 (w), 980 (w), 950 (w), 900 (m), 
860 (m), 810 (w), 780 (w). 760 (w), and 735 (1,2-disubstituted ben- 
zene) cm-'. 


The UV spectrum was determined using a Beckman model DB-G spec- 
trophotometer. and the IR spectrum was determined using a Beckman 
model IR 18A spectrophotometer in a KBr pellet. NMR spectra of herba- 
dine and quebrachidine were recorded in pyridine-ds solutions on a Varian 
HR-220 instrument operating at 220 MHz, with tetramethylsilane a s  an in- 
temal standard and with chemical shifts reported in 6 (parts per million) 
units. The high-resolution mass spectrum (70 ev) of herbadine was recorded 
using a C.E.C. model 110 double-focusing spectrometer a t  Eli Lilly and Co. 


The plant material was authenticated as V. libanotica Zucc. (Apocyna- 
ceae) by Dr. W. T. Steam, British Museum of Natural History, London, En- 
gland. A voucher specimen (SP-2315) representing the collection has been 
placed in the Herbarium of the Department of Pharmacognosy and Pharma- 
cology, College of Pharmacy, University of Illinois a t  the Medical Center. 


The mass spectrum gave a molecular ion at M+ 368 (32%), fol- 
lowed by ions at  mle 337 (2). 252 (2), 251 (2), 178 (3), 168 (I) ,  167 
(I), 166 (I), 158 (11,157 (11, 150 (31, 147 (3), 144 (51, 143 (20), 135 
(5), 130 (lo), 121 (21, and 117 (100). 


The high-resolution mass spectrum revealed that the fragments 
a t  m/e 130 and 143 corresponded to the No-indole moiety with one 
and two additional carbon atoms. The peak a t  mle 144 was a dou- 
blet consisting not only of CloHloN but also of CgH6NO; the latter 
requires retention of the oxygen at  C17 and is found in all ajmaline 
derivatives bearing a 17-hydroxy group (4). This is not the case in 
the structure (V) proposed for herbadine by the Russian workers, 
who did not determine the elemental composition of the mass 
spectral fragments. The base peak a t  m/e 117 (CsH7N) could be 
best represented by the No-indole skeleton. 


The NMR spectrum of the alkaloid, determined in CD3OD at  90 
MHz, exhibited some similarities with the spectrum of quebrachi- 
dine. Thus, i t  was assumed initially that herbadine (M+ 368) was 
an hydroxyl derivative of quebrachidine (M+ 352), the structure of 
which was established based on mass spectral studies (5). 


Since NMR data can be used as a simple means of differentiat- 
ing between alkaloids of the ajmaline and 2-epiajmaline series (1) 
and since no comprehensive NMR assignments have been reported 
for quebrachidine, the high-resolution NMR spectra of both her- 
badine and quebrachidine were determined in pyridine-d5 at  220 
MHz (Table I). 


DISCUSSION 


The basic differences observed between the NMR spectra of 
herbadine and quebrachidine were the same as the ones observed 
between herbamine and vincamajine (l), thus proving that her- 
badine belongs to the ajmaline series. In addition, in the high-reso- 
lution mass spectrum, the elemental composition of the prominent 
ions ( M i  368, mle 144, 143, 130, and 117) was 14 units (-CH*-) 
lower than the ions of herbamine, suggesting that herbadine was 
the N,-demethyl derivative of herbamine. 


In the NMR spectrum of herbadine, two doublets a t  d 4.50 and 
3.40 (J  = 17 Hz) were attributed to  the two CZI protons; in quebra- 


HO COOCH, HO COOCH, 


I k 
I: K =CHI  111: R = CH, 


11: R = H  IV: R = H  
COOCH , 


v 
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Table I--NMR Spectral  Data of Herbadine a n d  Quebrachidine Determined at 220 M H z  in  Pyridine-d5 


H e r  bad ine Quebrachidine 
~- 


Assignments Chemical Shift ,  an Coupling Constants ,  H z  Chemical Shif t ,  6" Coupling Constants ,  H z  


Cig-H 
Cli-H 
Crip-H 
Cr- H 
Cj-H 
- COOCH:, 


7.75-7.30 (m)  
7.75-7.30 (m) 
7.75-7.30 (m) 
7.75-7.30 (m) 
7.17 (d) 
7.00 (t) 
6.65 (d) 
5.32 (4) 
4.85 (d) 
4.50 (d) 
4.24 (d) 
4.16 (d) 
3.90 (s) 
3.86 id) 
3.42 (d) 
3.40 (d X d)  


- 


3.23 (d X d )  


2.12 ( d )  
1.84 (d) 


1.71 (d) 


7.55-6.95 (m) 
7.55-6.95 (m) 


7.55-6.95 (m) 
7.55-6.95 (m) 
7.55-6.95 (m) 
6.10 (d) 


~~ 


5.32 (qj 
4.84 (d) 
3.62 (m) 
4.17 (d  X d)  
3.99 (d) 
3.88 i s )  
3.80 id) 
3.62 (m) 
2.91 (d  X d j  
3.62 (m)  
3.25 (d X d j  


2.02 ( d )  
1.50 (d X d )  


1.72 (d X t) 


Chemical shifts measured in parts per million downfield from internal tetrarnethylsilane reference. 


chidine, the signals of both Cp1 protons were in the form of a mul- 
tiplet a t  b 3.62. This finding was in accordance with the fact that 
the Cp1 protons in the ajmaline series are in nonequivalent envi- 
ronments due to their orientation with respect t o  thk highly aniso- 
tropic ethylidine side chain and the unshared pair of electrons of 
N b ,  while in the 2-epiajmaline series, the C21 protons are symmet- 
rically disposed with respect to these two groups. Thus, in herba- 
dine the Czl does not bear an alcohol group and this makes Struc- 
ture V not feasible. 


In the spectrum of quebrachidine, the signal of C2-H is made 
up of a doublet of doublets a t  b 4.17 due to the coupling to both 
C3-H and NH protons. By contrast, in herbadine, the C2-H sig- 
nal is only a doublet at 6 4.24, showing only coupling to  the NH 
proton. A Dreiding model of herbadine revealed that the signal of 
C2-H should not show appreciable coupling to the C3 proton, re- 
gardless of the presence of a C3 proton, since the dihedral angle be- 
tween these two protons is about 85" (52.3 N 0). A similar phenom- 
enon was observed in sandwicine and i ts  derivatives (6). 


A doublet a t  6 4.85 and 4.84 in the spectra of herbadine and que- 
brachidine, respectively, represents the C17 protons of the two al- 
kaloids. The presence of this signal in herbadine is an additional 
proof that an OH group should be present a t  C17 and not as shown 
in V. 


A doublet a t  b 1.84 (J14=,14p = 15 Hz) represents C14o-H, show- 
ing that only geminal coupling exists. However, in quebrachidine, 
the signal of C14a-H is made up of a doublet of doublets a t  6 1.50 
( J 3 . 1 4 ~  = 10 Hz, J14",140 = 14 Hz), showing that, in addition to the 
geminal coupling, this proton is coupled to C3-H. Since in both 
the ajmaline and 2-epiajmaline series the dihedral angle between 
C14--H and C3-H is about 10" and a large coupling constant is 
expected, then in herbadine the C3-H must be substituted with 
an OH group since the signal of C14=-H is a simple doublet. 


The remaining protons in both compounds give signals that  are 
well separated from signals of adjacent protons, and the resultant 
spectrum is easily interpreted on the basis of first-order analysis. 


Furthermore, the spectra of herbadine and quebrachidine agree 
closely with those of herbamine and vincamajine, respectively, as 
reported previously (l), and assignments of signals were based on 
this prior analysis. 


The NMR data, together with the other physical constants, es- 
tablishes herbadine to be 2-epi-3-hydroxyquebrachidine. 
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Bioavailability and Pharmacokinetics of 
Prednisone in Humans 


A. R. DiSANTO" and K. A. DeSANTE 


Abstract In a clinical study involving 22 normal adult volun- 
teers, the bioavailability and pharmacokinetics of prednisone tab- 
lets with varying dissolution rates were evaluated. Serum levels 
were measured by a radioimmunoassay for prednisolone. Absorp- 
tion rate constants and serum half-lives are presented. Substantial 
serum levels of prednisolone were attained quite rapidly (within 
0.5 hr). The observed serum levels were statistically analyzed and 
fitted to the one-compartment open model with first-order ab- 
sorption and elimination. A qualitative correlation between the in 
uitro dissolution rate and the calculated initial absorption rate 
constants was found. However, the in uitro dissolution rates were 
not predictive of the overall bioavailability of the prednisone tab- 
lets tested in terms of peak concentration and area under the 
serum concentration-time curve. 


Keyphrases 0 Prednisone-bioavailability and pharmacokinetics 
in humans, absorption rate constants and serum half-lives, 50-mg 
tablet compared to 10 5-mg tablets, in uitro-in uioo correlations 
discussed 0 Bioavailahility-prednisone in humans, 50-mg tablet 
compared to 10 5-mg tablets, in uitro-in uiuo correlations dis- 
cussed 0 Pharmacokinetics-prednisone in humans, absorption 
rate constants and serum half-lives, in oitro-in uioo implications 


With the advances in analytical technology, it is 
now possible to measure circulating levels of exoge- 
nous steroids (1-5). Applying the principles of phar- 
macokinetics to these serum levels enables one to de- 
fine and quantitate the processes of absorption, dis- 
tribution, metabolism, and excretion. Through the 
understanding of these processes, the clinician can 
more rationally assign optimal dosage regimens. 
However, this use assumes that the available drug 
products are reliable in terms of delivering the pre- 
scribed dose of the drug to the general circulation at  
essentially the same rate and extent; i.e., release of 
the drug from the drug delivery system (capsule, tab- 
let, e t c . )  is not variable from manufacturer to manu- 
facturer nor from lot to lot. 


Among the more important aspects associated with 
the rate and extent of absorption of an orally admin- 
istered solid dosage form are: (a) the dissolution 
characteristics of the drug, and (b) the ability of the 
drug to permeate the GI membrane. The absorption 
of any given therapeutic agent could potentially be 
rate limited by either process. However, when several 
different formulations of the same drug are com- 
pared, the intrinsic permeability of the drug is usual- 
ly constant for the formulations tested and the rate 
of solution of the solid drug may then become the 
major variable among the formulations. 


In recent years, much emphasis has been placed on 
the in uitro screening of a drug's dissolution proper- 
ties as an index of in uiuo absorption characteristics 
for a given formulation. In several instances, such in 
uiuo-in uitro correlations have been found (6,7).  


The purposes of this study were to: (a) define and 
quantitate the processes of absorption and elimina- 


Table I-Physicochemical Characterist ics of Prednisone 
P roduc t s  Eva lua ted  


T r e a t m e n t  A, T r e a t m e n t  B, 
Prednisone, Prednisone, 10  


50-mg Tab le t  5-mg Tablets  


Assay 4 8 . 6  mg/ t ab le t  5 . O  mg/tablet  
Content uniformity: 


H i g h  1 1 3 . 2 %  of 50 mg 9 9 . 2 %  of 5 m g  
Low 108 .6% o f 5 0 m a  9 7 . 6 %  o f 5 m a  
Average 110 .7% o f 5 0 m g  9 8 . 2 %  o f 5 m g  


USP test, Teoa, n o t  
more than 20  min 
at 100 rpm: 


Average, min 6 0 . 4  2 . 3 t  


Percent in 20 min 
Average 3 4 . 8  100 


Dissolution rates: 


1 . 7 - 2 . 8  Range, min 50 .0 -80 .0  


R a n g e  26.5-42.0 ~ 


Disintegration time, 
min: 


High  1 . 5  2 .0 


Average 1 .5  1 .o 
Low 1 . 3  0 .8  


For 10 5-mg tablets. 


tion of prednisone after oral administration of a sin- 
gle 50-mg dose, and (b) establish the bioequivalence 
of a slowly dissolving 50-mg prednisone tablet to an 
equivalent dose of a rapidly dissolving 5-mg predni- 
sone tablet. 


EXPERIMENTAL 


Subjects-Twenty-two healthy volunteers (15 females and 
seven males) averaging 25 years of age, range 19-44, with normal 
screening vital signs and laboratory parameters were selected. No 
volunteers with active peptic ulcers, tuberculosis, or psychosis 
were accepted. The subjects did not receive any steroid medication 
for 30 days and any other medication for 7 days preceding the start 
of the study, and they received only the medication prescribed in 
the protocol. The average weight of the subjects was 64.5 kg (142 
lb), range 47.7-88.5 kg (range 105-195 lb). 


Medication and Dosage-At zero time of each treatment peri- 
od, each subject received medication as follows: Treatment A, one 
50-mg tablet of prednisone' given as a single oral dose; and Treat- 
ment B, 10 5-mg tablets of prednisone2 given as a single oral dose 
of 50 mg. Individual subjects were assigned treatments according 
to a randomized two-way crossover design. Seven days separated 
the medication day of Period I from the medication day of Period 
11. 


Study Conditions-Subjects were required to fast overnight 
and for 2 hr immediately after the medication was administered. 
The medication was taken a t  zero time with 180 ml (6 fl oz) 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 administration. 


Sampling and  Collection of Blood for Steroid Assay-Blood 
was taken from each subject a t  zero time, i .e. ,  just before dosing 
with each medication, and then again at 0.5, 1.0, 2.0, 3.0, 4.0, 6.0, 
8.0, 12.0, and 24 hr  after zero time. Ten milliliters of blood was 


Deltasone, Upjohn Lot 16,970. 
Deltasone, Upjohn Lot 131AJ. 
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Table 11-Average Serum Prednisolone Concentrations a n d  Related Parameters Obtained from 22 Normal Adults  Each 
Receiving Single Oral Doses of 50 m g  of Prednisone 


Significance Level of 
T rea tmen t  A, Trea tmen t  B ,  Differences between 


Prednisone, 50-mg Prednisone, 10  5-mg Trea tmen t  Averages 
Tab le t  Tablets  A and  B 


Average serum concentration, pg/100 ml, at: 
0 . 5  hr 40 .76  5 7 . 2 9  0 . 0 1  < p  < 0 . 0 2 5  
1 Ohr 70 . 00 77.07 N.S. - . . ~~- 
2 . 0  hr 
3 . 0  hr 
4 . 0  hr 


79 .50  
80.70 
6 8 . 6 3  


8 2 . 3 4  
69 .42  
6 0 . 6 0  


N.S. 
0 . 0 1  < p < 0 , 0 2 5  


N.S. 
6 . 0  hr 49 .35  4 8 . 0 1  N.S. 
8 . 0  hr 3 6 . 0 4  


12 .O hr 1 5 . 3 0  
24 . O  hr 2 . 0 6  


P e a k  of average serum Concentration curve,  8 0 . 7  


33 .07  
1 7 . 4 1  
5 . 2 1  


8 2 . 3  - 
pg/100 m l  


Average of individual peak serum concen- 9 2 . 6  8 9 . 4  
tration, pg/lOO ml  


curve, 0 -+ 1 2  hr, pg/100 ml  X hours  
Average area under  serum concentration 


curve, 0 -+ 24 hr, pg ’100 ml  X hours  
Average area under seium concentration 


Average area under  serum concentration 5 7 3 . 5  


6 7 7 . 6  


686 .2  


559 .4  


695 .1  


732 .7  


N.S. 
N.S. 
N.S. 
N.S. 


N.S. 


N.S. 


N.S. 


N.S. 
curve, 0 -+ m hr, pg/lOO x hours  


Average peak time, hr 2 . 0 7  1 . 7 3  N.S. 
F D / V  1 2 6 . 8  112 .15  N.S. 
Biological half-life (t,  1 2 ) .  hr: 


Arithmetic mean 2 . 9 5  3 .57  N.S. 
Harmonic mean 2 . 5 7  2 . 9 2  N.S. 


Elimination rate constant  ( K ) ,  hr-1 0 . 2 7  0 . 2 5  N.S. 
Absorption half-life (A , ,? ) ,  hr: 


Arithmetic mean 0 . 9 9  0 . 6 6  0 .025  < p  < 0 . 0 5  
Harmonic mean 0 . 6 1  0 . 3 5  0 . 0 1  < p < 0 .025  


0 . 0 1  < p < 0 . 0 2 5  Absorption rate constant  ( h ) ,  hr-1 1 . 1 5  1 . 9 7  


drawn a t  each sampling time. Serum was harvested from all sam- 
ples as soon after drawing as possible and immediately frozen. 


Physical and Chemical Characterist ics of Medication-The 
physical and chemical characteristics of the two formulations are 
presented in Table I. Both formulations have similar potency, con- 
tent uniformity, and disintegration times, but the dissolution rates 
are vastly different. These dissolution rates were determined by 
the rotating-basket assembly of NF XIII. The USP XVII specifica- 
tion for dissolution of 5-mg tablets of prednisone is that  60% of the 
drug should dissolve in not more than 20 min. 


Assay Methodology-Recent developments in radioimmunoas- 
say procedures have produced an assay that measures circulating 
levels of prednisolone in serum. Since prednisone is metabolized 
rapidly in uiuo to prednisolone (8, 9), the development of this 
assay procedure allows for the determination of the bioavailability 
of prednisone. The specificity and sensitivity of the prednisolone 
assay used in this study were reported previously (1). 


RESULTS 


The average serum prednisolone concentration-time relation- 
ships obtained for 22 normal adults after administration of single 
oral doses of 50 mg of prednisone given as either one 50-mg tablet 
or 10 5-mg tablets of prednisone are shown in Fig. 1. The average 
serum prednisolone concentrations and the related parameters of 
peak height concentration and area under the serum concentra- 
tion-time curve, as well as a summary of the statistical analysis, 
are presented in Table 11. 


With the exception of the 0.5- and the 3.0-hr sampling times, 
there were no statistically significant differences between the aver- 
age prednisolone concentrations attained with each treatment. 
The mean peak serum concentration was 89 pg/100 ml (range 
45.17-175.42) for the 5-mg tablet and 93 pg/100 ml (range 50.81- 
157.9) for the 50-mg tablet. The 0-24-hr areas under the serum 
concentration-time curve were 678 and 695 pg/lOO ml X hours for 
the 50-mg and 10 X 5-mg tablets, respectively. 


Preliminary estimates of the parameters were graphically ob- 
tained by the feathering (method of residuals) technique, using the 
serum data plotted on semilogarithmic graph paper. Each individ- 
ual subject’s data were then fitted by the method of least squares, 


using an iterative digital computer program (NONLIN) and a digi- 
tal computer3, to conform to Scheme I (10): 


Scheme I 


where F = fraction of dose absorbed, D = dose, k = first-order 
rate constant for absorption, K = first-order rate constant for 
elimination, C = concentration of drug in serum, and V = volume 
of distribution. 


In the computer fitting, the graphical estimates of the parame- 
ters were used as initial estimates, and the serum concentrations 
were assigned equal weights. The least-squares estimates of the in- 
dividual rate constants (k and K )  for absorption and elimination 
are listed in Table 111. 


Both the individual and average serum concentration-time data 
were fitted to the one-compartment model with first-order absorp- 
tion (Scheme I). In Fig. 1, the average serum prednisolone levels 
are plotted uersus time, as are those predicted by Scheme I. The 
average rate constants used in generating these lines are listed in 
Table 111. The r2 and correlation coefficients between observed 
and predicted values for these computer-fitted data points were 
0.99. indicating an excellent fit4. 


The serum half-lives calculated for prednisolone were not signif- 
icantly different for either treatment, and the overall mean serum 
half-life from the 44 observations was approximately 3.25 hr (2.95 
hr for the 50-mg tablet and 3.57 hr  for the 5-mg tablets). The mean 
of the individuals’ rate constants of elimination was 0.27 hr- 1 for 
the 50-mg tablet, and it was 0.25 hr-I for the 5-mg tablets. The re- 
spective mean rate constants of absorption for the 50-mg tablet 
and the 10 5-mg tablets were 1.15 and 1.97 hr-l; their correspond- 
ing absorption half-lives were 0.99 and 0.66 hr. 


IBM 360/50. 
rz = (S squared observations - S squared deviations)/X squared obser- 


vations. 
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Table 111-Individual Pharmacokinetic Parameters Obtained from 22 Normal Adults Each Receiving Single Oral Doses of 
50 m g  of Prednisone (Data Fi t ted to One-Compartment Open Model Using a Digital Computer Programmed with NONLIN)  


Treatment A, Treatment  B, 
Prednisone, 50-mg Tablet Prednisone, 10 5-mg Tablets 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Mean 
SD 
Average 


data  


0.41 
1.46 
1.52 
0.81 
1.35 
0.68 
0.28 
1.90 
1.91 
1.44 
0.46 
1.26 
0.91 
0.81 
0.51 
0.26 
0.53 
1.57 
0.42 
0.58 
1.20 
5 .OO 
1.15 
1.01 
0.92 


1.68 
0.48 
0.46 
0.86 
0.51 
1.02 
2.52 
0.37 
0.36 
0.48 
1.50 
0.55 
0.77 
0.85 
1.35 
2.70 
1.30 
0.44 
1.64 
1.19 
0.58 
0.14 
0.99 
0.47 
0.76 


0.29 
0.28 
0.08 
0.55 
0.23 
0.20 
0.23 
0.10 
0.12 
0.32 
0.35 
0.27 
0.25 
0.35 
0.23 
0.19 
0.35 
0.23 
0.31 
0.39 
0.26 
0.28 
0.27 
0.10 
0.19 


2.36 
2.46 
3.79 
1.27 
3.03 
3.55 
3.02 
7.17 
5.90 
2.16 
1.96 
2.56 
2.76 
2 .oo 
3.07 
3.67 
2 .oo 
3.01 
2.25 
1.81 
2.62 
2.45 
2.95 
1.77 
3.72 


0.972 
0.997 
0.991 
0.995 
0.913 
0.998 
0.984 
0.995 
0.997 
0.997 
0.985 
0.974 
0.974 
0.999 
0.990 
0.992 
0.997 
0.977 
0.990 
0.997 
0.997 
0.991 
0.986 


0.999 


0.963 
0.996 
0.986 
0.995 
0.878 
0.995 
0.982 
0.988 
0.994 
0.995 
0.978 
0.957 
0.956 
0.998 
0.983 
0.993 
0.994 
0.953 
0.984 
0.996 
0.996 
0.989 
0.979 


0.998 


3.98 
2.38 
0.60 
4.98 
1.45 
2.86 
0.72 
1.41 
3.35 
2.05 
1.35 
1.43 
1.12 
0.20 
0.84 
3.07 
1.48 
1.33 
2.43 
0.65 
0.47 
5 .OO 
1.97 
1.40 
1.74 


0.17 
0.30 
1.15 
0.14 
0.48 
0.24 
0.96 
0.49 
0.21 
0.34 
0.51 
0.48 
0.62 
3.46 
0.83 
0.23 
0.47 
0.52 
0.29 
1.07 
1.49 
0.14 
0.66 
0.52 
0.40 


0.16 
0.21 
0.18 
0.23 
0.24 
0.14 
0.04. 
0.10 
0.11 
0.24 
0.07 
0.30 
0.27 
0.85 
0.14 
0.14 
0.24 
0.31 
0.12 
0.40 
0.41 
0.22 
0.25 
0.17 
1.15 


4.32 
3.30 
3.77 
2.97 
2.87 
4.81 


17.588 
6.76 
6.45 
2.86 
4.05 
2.29 
2.61 
0.81 
4.80 
4.85 
2.92 
2.21 
5.67 
1.75 
1.70 
3.19 
3.57 
2.14 
4.57 


0.997 
0.995 
0.986 
0.999 
0.990 
0.996 
0.971 
0.995 
0.978 
0.998 
0.985 
0.996 
0.996 
0.944 
0.986 
0.998 
0.993 
0.993 
0.994 
0.963 
0.992 
0.993 
0.988 


0.999 


0.996 
0.993 
0.975 
0.999 
0.986 
0.991 
0.928 
0.989 
0.958 
0.996 
0.969 
0.994 
0.993 
0.912 
0.975 
0.996 
0.986 
0.988 
0.989 
0.950 
0.986 
0.985 
0.979 


0.999 


Data not amenable to kinetic analysis. 


The absorption half-life was statistically ( p  < 0.05) lower for the 
5-mg tablets than for the 50-mg tablet, indicating a qualitative 
correlation between the in uitro dissolution rates and the calculat- 
ed initial absorption rate constants. However, since the peak 
serum concentrations, the time of peak serum concentration, and 
the area under the serum concentration-time curve did not differ 
statistically, no true correlation between the bioavailability of two 
formulations and the in uitro dissolution was obtained. Hence, 
from a clinical view, the differences suggested by the dissolution 
rates were meaningless. 


The rate and degree of absorption are dependent upon both the 
dissolution and the permeability characteristics of a drug. The 
prednisone from both preparations has the same permeability 
characteristics, and any discrepancies in bioavailability could not 
be dependent upon this parameter. Since the peak heights, the 
areas, and the peak times all indicate equivalent bioavailability 
(both in extent and rate of availability), it can be concluded that 


0 . 5 1 2 3 4  6 8 12 24 
T IME AFTER DRUG ADMINISTRATION, hr 


Figure 1-Average serum prednisolone concentrations (jig/ 
100 ml) obtained for 22 normal adults after receiving 50 mg of 
prednisone given as: 0, Treatment A ,  single oral dose of 50-mg 
tablet of prednisone; or 0, Treatment B ,  single oral dose of 
10 5-mg tablets of prednisone. Lines were generated by digital 
computer with average parameters of Table I I I .  


the presently used dissolution rate technique for prednisone is not 
sufficiently predictive of the commonly utilized in uiuo bioavail- 
ability parameters. Although the pharmacokinetic analysis indi- 
cated a slower rate of absorption in uiuo with an increase in TcOc,  
in uitro, the peak concentration and the time of the peak serum 
levels of prednisolone (2.07 and 1.73 hr) were not significantly dif- 
ferent. 


DISCUSSION 


The intent of the authors was not to take issue with the dissolu- 
tion rate specifications for prednisone but rather to caution the 
reader in the interpretation of dissolution data. As expressed by 
Barr (111, in vitro dissolution rate measurements have been used in 
various ways. The two most important are: (a)  as a sensitive quality 
control procedure to detect changes in the release characteristics 
due to lot-to-lot variation, formulation changes, or storage condi- 
tions; and f b )  to provide an indication of differences in in uiuo ab- 
sorption characteristics of the drug and serve as a secondary 
standard to detect dosage forms with a potential for poor bioavail- 
ability. 


Important requirements for the use of an in uitro dissolution 
method as a quality control procedure are its sensitivity, reproduc- 
ibility, and ability to detect small differences in dissolution rate. 
These differences may or may not be indicative of differences in in 
uiuo bioavailability. When in uitro dissolution rate methods are 
used to assess possible differences in the bioavailability of differ- 
ent formulations of the same drug, the principal requirements are 
a high degree of correlation between the in viuo and in uitro meth- 
ods and the selectivity of the methods to reject poor products. 


The fact that a tablet that did not meet compendia1 dissolution 
rate specifications was bioequivalent to a tablet with almost a 25- 
fold faster in vitro dissolution rate should be a caution against ac- 
cepting the results of a battery of in uitro tests as criteria for in 
uiuo bioequivalence of two formulations. Much of the differences 
observed in the dissolution rates between these tablets could possi- 
bly be attributed to the dissolution rate apparatus employed. By 
using a different dissolution rate apparatus or different conditions 
with the same apparatus, an in uitro-in uiuo correlation that can 
predict prednisone bioavailability from dissolution rate data may 
yet be determined. 


Vol. 64.  No. 1, January 1975 1 1 I 1  







REFERENCES 


(1) W. A. Colburn and R. H. Buller, Steroids, 21,833(1973). 
(2) D. Mattingly, J.  Clin. Pathol., 15,374( 1962). 
(3) D. H. Sandberg, C. F. Bacallao, and W. Cleveland, Bio- 


(4) G. E. Bacon, J .  Lab. Clin. Med., 73,1030(1969). 
(5) R. K. Sarin, G. M. Connell, and J. A. Linfoot, Anal. Bio- 


chem., 41, 265(1971). 
(6) G. Levy, J. R. Leonards, and J. A. Procknal, J. Pharm. Sci., 


54,1719(1965). 
(7) J. G. Wagner, “Biopharmaceutics and Relevant Phar- 


macokinetics,” Drug Intelligence Publications, Hamilton, Ill., 
1971, pp. 125-132. 


(8) J. S. Jenkins and P. A. Sampson, Brit. Med. J., 2. 
205( 1967). 


(9) L. W. Powell and E. Axelson, Gut, 13,690(1972). 


chem. Med., 4,383(1970). 


(10) J. G. Wagner, “Biopharmaceutics and Relevant Phar- 
macokinetics,” Drug Intelligence Publications, Hamilton, Ill., 
1971, p. 297. 


(11) W. H. Barr, Pharmacology, 8,55(1972). 


ACKNOWLEDGMENTS A N D  ADDRESSES 


Received November 7, 1973, from the Clinical Rioauailability 


Accepted for publication August 9, 1974. 
The authors thank Dr. D. J. Weber and W. A. Colburn of the 


Upjohn Co. for their assistance in assaying the prednisolone 
serum samples. The authors are also grateful to Dr. C. M. Metzler 
for the use of the NONLIN program. 


Unit, The Upjohn Company, Kalamazoo, M I  49001 


To whom inquiries should be directed. 


Simple and Reliable Method for Serial Sampling of 
Blood from Rats 


R. A. UPTON 


Abstract 0 A technique for serial sampling of whole blood, plas- 
ma, or serum from unanesthetized, unrestrained rats is described. 
This technique is sufficiently rapid, reliable, and independent of 
the need for elaborate preparation, specialized equipment, or prac- 
ticed skills to appeal to a wide range of experimental and teaching 
situations requiring multiple sampling from many animals. A sim- 
ple surgical procedure implants a one-piece jugular cannula cut 
from a commercial coil of silicone polymer tubing. Multiple blood 
samples are almost immediately available for 5 weeks or more. 
Plasma or serum samples are readily obtainable from each blood 
sample without transfer from the syringe in which it is collected. 
Intravenous injection through the cannula does not prejudice later 
sampling protocol. 


Keyphrases Blood sampling, serial-simple and reliable meth- 
od, technique and equipment described, rats Serial sampling, 
blood-simple and reliable method, technique and equipment de- 
scribed, rats 


The size of the rat makes i t  a convenient laborato- 
ry animal for instructional classes and limited facility 
situations or where statistical treatment of data ne- 
cessitates a number of subjects. For pharmacokinetic 
studies in particular, a simple technique for serial 
sampling of blood from these animals would be most 
useful. 


The methods available, however, are unreliable, 
traumatic for the subject, difficult for the operator, 
or require elaborate preparation or specialized equip- 
ment. The following modification of the Popovic and 
Popovic (1) and Weeks and Davis (2) methods in- 
volves a simple, rapid surgical procedure, requiring 
neither elaborate preparation nor equipment more 
specialized than medical-grade tubing. Cardiac blood 
samples from the unanesthetized, unrestrained rat 
can then be taken repetitively and almost instanta- 
neously. Plasma or serum samples are available for 
very little extra outlay of time or effort. 


The modifications described thus eliminate prob- 
lems counter to the demands of those very situations 
that favor choice of the rat as a laboratory subject. 
The technique is well suited to a wide range of exper- 
imental and teaching situations requiring multiple 
samples from large numbers of animals. 


EXPERIMENTAL 


Surgical Procedure-The rat is lightly anesthetized with 
ether, and the hair is removed from about a 2-cm square of the 
skin on the back of the neck. The animal is then held on its back 
by taping the forelegs to a board with adhesive tape. Light anes- 
thesia is maintained for the rest of the surgical operation by apply- 
ing a small wad of tissue paper over both the rat’s nose and mouth 
and moistening the wad with ether occasionally. 


Hair is clipped from above the right jugular vein, and a 2-3-cm 
skin incision is made in an anterior direction from above the mid- 
point of the right collar bone. By blunt dissection, about 1 cm of 
the external jugular vein is exposed forward from its emergence 
from below the collar bone. A 14-gauge hypodermic needle, from 
which the hub has been removed, is inserted under the skin a t  a 
point in line with, and about 1 cm anterior to, the exposed section 
of the jugular vein. It is passed subcutaneously but directly ( i .e . ,  
over the right shoulder but under the ear) to pierce the skin in the 
center of the clipped area on the back of the neck and just above 
the shoulder blades. 


A 150-mm length of silicone polymer tubing is threaded through 
the needle, and the latter is removed through the back of the neck 
to leave the tubing lying subcutaneously. A syringe charged with 
heparinized saline is attached to the dorsal end of the tubing, and 
the tubing is rinsed with a little of the solution. 


The exposed section of the vein is ligated anteriorly, and the 
ends of the tie are left uncut. By taping these ends to the operating 
board beside the subject’s head, slight traction can be applied to 
the vein. A short oblique cut is made in the vein with a pair of fine 
scissors just below the ligature. By lifting the resultant flap with a 
pair of fine forceps and rotating the tubing, the ventral end of the 
tubing can easily be inserted into the vein. Thirty millimeters of 
tubing is passed toward the heart. 


The tubing is secured by tying firmly around the vein just above 
the collar bone and again closer to the point of insertion of the can- 
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OPEN FORUM 


Antiviral Activity of 
Triterpenoid Saponins 


Through his letter in the Open Forum section in the January 
1975 issue of J. Pharm. Sci., we are pleased to note that Dr. 
Albert0 I. Calabrese had reported antiviral activity of hederin, a 
triterpenoid saponin, as early as 1949l. However, there was no way 
that we could have encountered this reference during our routine 
literature search on antiviral activity of triterpenoid saponins, the 
subject of our recent communication*, since even in the Quarterly 
Cumulatioe Index Medias3, cited by Dr. Calabrese, the paper on 
hederin is listed only under the author’s name. Further, this 
citation gives only the title, “La hederina, un nuevo antibiotico,” 
with no indication of the antiviral activity. 


We are grateful to Dr. Calabrese for bringing to the attention of 
J. Pharm. Sci. readers his original work published in 1949 and we 
regret not being able to locate this reference earlier. 


G. Subba Rao 
Pharmacology Laboratory 
Division of Biochemistry 
Research Institute 
American Dental Association 
Chicago, IL 60611 
Joseph E. Sinsheimer 
College of Pharmacy 
University of Michigan 
Ann Arbor, MI 48104 


Received February 5,1975. 
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1 A. I. Calabrese, Semana Med., 1,116(1949). * G. S. Rao, J. E. Sinsheimer, and K. W. Cochran, J. Pharm. Sci., 63, 


471 (1974). 
3 A. 1. Calabrese, Quart. Cumul. Index Medicus, 45,233(1949). 


Pharmacognocist versus 
Pharma cogn osis t 


In a recent issue of this Journal (Dec. 1974, p. ix), an 
advertisement appeared for a “Staff Pharmacognocist.” Although 
those of us who claim to be practitioners of pharmacognosy are 
always happy to see a continued need for our offspring in the 
industry, I would like to point out a not too uncommon error in the 
spelling of “pharmacognocist.” The correct spelling of this unusual 
type of individual is, of course, pharmacognosist, being derived 
from the word pharmacognosy. All too often, those in the 
pharmaceutical sciences make the error of correlating the spelling 
of pharmacognosist with that of pharmacist which, of course, is 
derived from pharmacy. 


This reminds me of an article that I once wrote for a student 
magazine, which was entitled “Ysongocamrahp.” The point that I 
attempted to get across was that it matters little whether we spell 
pharmacognosy in the conventional manner, or backward, people 
still do not know what it means. 


Norman R. Farnsworth 
Department of Pharmacognosy and 


College of Pharmacy 
University of Illinois a t  the Medical 


Chicago, IL 60612 


Pharmacology 


Center 


Received January 8,1975. 
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Automated System for Analytical Microbiology V: 
Calibration Lines for Antibiotics 


F. KAVANAGH 


Abstract The accuracy of an automated system for the microbi- 
ological assay of antibiotics was increased by improvement atten- 
dant to connection to an on-line computer. The system was used to 
investigate the suitability of four forms of interpolation formulas 
by assaying for chlortetracycline and erythromycin. The calibra- 
tion lines were prepared as point-to-point straight-line approxima- 
tions and as cubic equations. Cubic equations through four calibra- 
tion points were preferred. Since the automated system was a four- 
channel instrument, a separate response line was prepared for each 
channel. Combining the four response lines into one could sub- 
stantially degrade the accuracy and precision of assays. A new gen- 
eral equation relating the response of the test organism to concen- 
trations of active materials was used to account for factors in addi- 
tion to the antibiotic upon the dose-response line. Some of these 
factors were: diluents, growth substances, relative proportions of 
mixed antibiotics, pH and buffer capacities of the sample solution 
and assay broth, salts, and organic compounds in samples and not 


in standard solutions. The equation was used to show under what 
conditions the dose-response lines of mixtures and single-compo- 
nent antibiotics could be the same. It could also account for the 
nonspecific nature of turbidimetric assays. The equation showed 
assay biases to be caused not by differences in composition of anti- 
biotics in standards and samples but by differences in other sub- 
stances affecting growth of the test organism. A new dose-response 
line applicable to assays using Klebsiella pneurnoniae was de- 
scribed. 


Keyphrases 0 Microbiology, analytical-automated system, cali- 
bration lines for antibiotics 0 Automated analysis-system for an- 
alytical microbiology, calibration lines for antibiotics 0 Antibiot- 
ics-automated system for analytical microbiology, calibration 
lines Chlortetracycline-automated analysis, evaluation of in- 
terpolation formulas, calibration lines 0 Erythromycin-automat- 
ed analysis, evaluation of interpolation formulas, calibration lines 


Automation of critical steps in the turbidimetric 
microbiological assay (1, 2) resulted in a significant 
increase in the accuracy and precision of assays. A 
further increase came when interpolation of sample 
potency was performed by a computer (3). A limita- 
tion of the latter was caused by the three-digit reso- 
lution of the digital voltmeter used to measure out- 
put of the spectrophotometer. Connection of the 
spectrophotometer to the computer dedicated to ana- 
lytical services effected a further increase in accuracy 
and precision (4). The on-line computer had the fur- 
ther advantage of providing a typed report of assay 
results within 5 min after the last assay tube had 
been measured. Computerization of reading and re- 
cording of turbidity and calculations of potencies 
completed automation of the op‘erational parts of the 
assay system. 


Operational aspects of automated assays are now 
of such precision that the form of the calibration line 
used for interpolating potencies of samples can sig- 
nificantly affect accuracy and precision. Attention 
will be directed to consequences of using several 
forms of the lines. One with a theoretical basis and 
four empirical ones will be considered. 


The philosophy guiding the design of the automat- 
ed system (1, 2) was to minimize variances caused by 
operation of the electrical and mechanical parts. The 
same philosophy is applied in this report to treat- 
ment of the data to extract potencies with a mini- 
mum of computational errors. 


EXPERIMENTAL 


Preparation of Tests-The five dose-response lines were ap- 
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plied to assays of erythromycin and chlortetracycline. Staphylo- 
coccus aureus (ATCC 9144) was the test organism for both testa. 
The automated turbidimetric system' was operated exactly as de- 
scribed previously (2). The turbidity of the suspension of bacteria 
in the assay tubes was measured photometrically by a spectropho- 
tometer. The output of the spectrophotometer went directly to the 
computer for storage and subsequent processing. The samples 
were points of the standard curve and intermediate concentrations 
of standard for erythromycin assay or chlortetracycline extracted 
from animal feeds. 


The erythromycin solutions were prepared in pH 7 buffer. 
Chlortetracycline was extracted by, and diluted to assay concen- 
tration with, methanol containing 1% concentrated hydrochloric 
acid solution. The automated diluter measured two 0.1-ml portions 
of sample into each of two contiguous assay tubes and diluted each 
to 10 ml with inoculated broth. The diluter also measured 0.15-ml 
portions of the sample into two assay tubes and diluted each to 10 
ml with inoculated broth. The two sets of assay tubes, differing by 
50% in quantity of sample and 0.5% in quantity of inoculated 
broth, constituted an assay of a sample. 


Calibration Lines-The calibration line is the means by which 
responses to the samples are converted into equivalent concentra- 
tions of standard. The five lines discussed here are in daily use in 
pharmaceutical companies. The equations of the lines are given in 
generalized form. The first is the one derived from the dose-re- 
sponse line and is applicable to most antibiotic assays (5 ,6 ) :  


'IogA = E + BC (Eq. 1) 


where A is the absorbance of the bacterial suspension, C is the 
concentration of the antibiotic in the sample tube, and B and E 
are constants. 


The second is an empirical equation devised for manual interpo- 
lation (3) because of the ease by which it can be put into a nearly 
straight line on graph paper: 


lcg(D - T) = E + B2 m. 2 )  


where T is the transmittance of the bacterial suspension in the 
assay tube, and B, D, and E are constants. 


The third equation is the dose-response line used for diffusion 
assays and, by some, for turbidimetric assays: 


l o g C =  E + B T  (Eq. 3) 


In applying these expressions, four equations are used, one for 
each channel of the diluter. The average of the four potencies, one 
from each channel of the diluter, is taken to be the potency of the 
sample. Interpolation of sample potencies from the responses is 
done by the computer from the appropriate straight-line segment 
of the calibration lines drawn from point-to-point. 


In a variant of Eq. 3, responses of the two 0.10-ml samples are 
averaged and the two responses from the 0.15-ml samples are aver- 
aged for each concentration, C, of standard. The averages are then 
used in constructing the standard curve. The concentrations of 
standard in the sample tubes are in the ratio of 1:2:4. To construct 
the standard curve, the 0.1-ml sample of one is assigned a value of 
1, the 0.15-ml sample of one is assigned a value of 1.5, the 0.1 ml of 
two is assigned a value of 2, the 0.15 ml of two is assigned a value of 
3, etc. Thus, one standard curve-not two-is made from the 
mean responses. Interpolation of sample potency is done from the 
individual responses. The two responses from the 0.15-ml amounts 
are divided by 1.5 before the mean of the four potencies is taken to 
represent the potency of the sample. 


Cubic Equations-A graph of Eq. 3 usually has one inflection; 
therefore, it can be approximated by a cubic equation such as: 


logC = F + BT + DTZ + E'P (Es- 4) 


A line used by the Food and Drug Administration (7): 


A = K + L l o g C  (Eq. 5) 


can be fitted by a cubic equation similar to Eq. 4. 


AUTOTURB System, Elanco Division of Eli Lilly and Co. 


Table 1-Responses to  Standards a n d  Samples of 
Erythromycin 


Sample 
Responses, T, 


for Sample Volumes of 
Concen- tration, 


Number pg/ml 0.10 ml 0.15 ml  


1 0 54.65 54.70 54.86 54.86 
2 1 60.40 60.49 64.66 64.86 - - 
3 2 67.49 67.44 72.86 73.11 
4 3 72.56 72.83 77.96 78.01 
5 4 76.04 75.97 81.08 81.03 
6 5 78.83 78.94 83.46 83.49 
7 3 72.67 72.80 78.01 78.09 
8 2 5  70 50 70 70 75.79 7 5 . 8 2  - 
9 3 72.60 72.62 77.72 77.82 


10 3.5 74.45 74.62 79.82 79.79 
11 4 75.96 75.93 81.07 80.95 
12 2 67.41 67.65 72.92 72.91 


In applying Eqs. 4 and 5, a separate equation was derived for 
each channel of the analyzer, as was done for point-to-point inter- 
polations. These computations were done off-line, using data in 
Table I; therefore, unlike results for Eqs. 1 and 3, they would con- 
tain the rounding-off errors of data in the table. A cubic expression 
will pass through all four points of a four-point standard curve. 
When the number of standards is more than four, a line of best fit 
(least squares) is found. Such a line may not pass through all cali- 
bration points. 


Two forms of a cubic equation were used to obtain potencies 
given in Table II.,They are labeled 4(4) for Eq. 4 fitted to four cali- 
bration points and 4(5) for Eq. 4 fitted to all five points. A similar 
numbering system identified the four-point versions of Eqs. 1 and 
5. 


Computer Interpolation-The computer was programmed to 
compare sample responses with those of standards to decide what 
segment.of the dose-response line to use for the interpolations. 
When sample responses were identical with those of a standard, 
the value of that standard was selected as the potency of the sam- 
ple without further computation. When sample response was dif- 
ferent from a standard, interpolation was from a line drawn be- 
tween responses of the two standards bracketing the sample. The 
line was straight for the point-to-point lines and was a smooth 
curve for the cubic equations. Although the results in Table I1 are 
reported to four significant digits, the significance of the fourth is 
questionable. It was retained to avoid rounding-off errors. 


Errors made in preparing the standards can cause a measurable 
error in response. The errors in concentrations of standards should 
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Figure 1-Erythromycin dose-response lines for Eqs. 1 and 3. 
Only one of each pair of responses is shown. For convenience in 
plotting, 2A is used in place of A in Eq. 1. 
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Table 11-Assay of Erythromycin Standard Solutions (Potencies Obtained from the  Indicated Interpolation Equations) 


Individual Potencies, pg/ml 
Sample Volume, m l  Mean 


Potency, 
Sample Equation a 0.10 0 .15  rg/ml U 


8 1 
1(4) 
3 
3 (1 line) 
4 (4) 
4(5) 
5 (4) 


9 1 


3 (1 line) 


y 4 )  


10 


4(4) 
4(5) 
5 (4) 
1 


3 (1 line) 
4 (4) 


1 standard 4(5) 
2 standard 4(5) 
3 standard 4(5) 
4 standard 4(5) 
5 standard 4(5) 


; (4) 


2.578 
2.546 
2.544 
2.500 
2.549 
2.559 
2.532 
3.011 
3.008 
3.010 
2.916 
3.009 
2.883 
3.008 
3.529 
3.501 
3.507 
3.449 
3.496 
1 .ooo 
1.997 
3.014 
3.980 
5.036 


2.588 
2.536 
2.556 
2.537 
2.546 
2.586 
2.477 
2.958 
2.950 
2.953 
2.921 
2.950 
3.004 
2.944 
3.558 
3.514 
3.535 
3.506 
3.503 
1.001 
1.986 
3.053 
3.921 
5.066 


2.553 
2.506 
2.524 
2.613 
2.510 
2.524 
2.486 
2.949 
2.936 
2.943 
3.060 
2.939 
2.959 
2.933 
3.580 
3.542 
3.561 
3.623 
3.541 
1 .ooo 
1.995 
3.020 
3.969 
4.982 


2.532 
2.483 
2.503 
2.620 
2.487 
2.504 
2.455 
2.958 
2.948 
2.953 
3.085 
2.950 
2.974 
2.944 
3.574 
3.541 
3.555 
3.614 
3.536 
1 .ooo 
1.995 
3.024 
3.964 
5.005 


2.563 
2.518 
2.532 
2.567 
2.525 
2.543 
2.487 
2.969 
2.960 
2.965 
2.996 
2.962 
2.955 
2.957 
3.560 
3.525 
3.539 
3.548 
3.519 
1 .ooo 
1.993 
3.028 
3.959 
5.022 


0.025 
0.029 
0.023 
0.059 
0.032 
0.036 
0,032 
0.028 
0.032 
0.030 
0.090 
0.032 
0.052 
0.034 
0.025 
0.020 
0.024 
0.095 
0.023 
0 .ooo 
0.005 
0.017 
0.026 
0.037 


Reaulta from four lines drawn point-to-point for both Eqa. 1 and 3. Calibration points for Eq. 3 (1 line) waa obtained from reaponses to standards 1, 2, 
and 4 rrg/ml. Results for Eqa. 4 and 5 were obtained from four cubic equations, one for each channel of the system. The equations were fitted exactly to four 
calibration points for 1(4), 4(4), and 5(4). A beat cubic equation was fitted to five points for 4(5). 


be less than 0.2% to cause an error in response not larger than the 
resolution (1 in 3400) of the analog-to-digital converter of the spec- 
trophotometer. Class A volumetric pipets ( 2 2  ml) and volumetric 
flasks (1100 ml) must be carefully used to avoid significant errors 
of concentrations. 


RESULTS 


Erythromycin-Concentrations of standards and samples and 
the corresponding responses are given in Table I for the erythro- 
mycin assay. The first six entries are standards and the last six are 
samples. The 2-, 3-, and 4-pglml samples are the same solutions as 
the corresponding standards. Standard curves are depicted in Fig. 
1. Only one set of responses is given for each sample volume. The 
calibration lines are approximated by straight-line segments be- 
cause the computer was so programmed. In this example, the log C 
uersus T lines were less curved than the log A uersus C lines. The 
latter could have been straightened in the region of significant cur- 
vature by modifying the expression to be log (A - 0) uersus C. 
When this straightening was done, the difference in answers was 
very small and the difference in precision was insignificant. 


A comparison of the results of interpolating from four different 
dose-response lines is given in Table 11. The differences between 
potencies interpolated from Eqs. 1 and 3 were small, and the stan- 
dard deviations were the same. The single-line version of Eq. 3 was 
poorest, as indicated by the large standard deviations. Potencies 
computed from 1(4), 4(4), and 5(4), the four-point cubic equations, 
were nearly the same as those interpolated from straight-line ver- 
sions of Eqs. 1 and 3. Equation 4(5) could give a computational 
bias of about 1%, as shown by results on the standard curve given 
in the lower part of Table 11. These values were obtained by using 
responses of the standards to compute equivalent potencies. Simi- 
lar computations using 1(4), 4(4), and 5(4) gave potencies of 3.000 
for the 3-pg/ml standard whereas 3.028 was obtained from 4(5). 


Chlortetracycline-The assay for chlortetracycline differs 
from most antibiotic assays in the large difference in turbidities 
between the assay tubes without antibiotic. Figure 2 shows the cal- 
ibration lines for Eqs. l and 3 and for the single-curve version of 
Eq. 3. Both Eqs. 1 and 3 are more strongly curved than the lines 
for erythromycin. Therefore, the straight-line approximations are 
not quite as good as for erythromycin. The line for the single-curve 
version of Eq. 3 is rather unusual for a Calibration line. The corre- 


sponding line for erythromycin and other antibiotics has the same 
general shape but is much less extreme. 


Results for three samples are given in Table 111. The single- 
curve version of Eq. 3 produced potencies lower than those ob- 
tained from Eqs. 1 and 3 and with significantly higher standard 
deviations. Computational biases are evident and are a principal 
cause of the large standard deviations. The errors are most pro- 
nounced a t  the lower concentrations, as the line in Fig. 2 indicates 
they should be. The last line in Table 111 shows the size of compu- 
tational errors inherent in the procedure. These numbers were ob- 
tained by entering the responses for the 0.2-pg/ml standard in the 
section of the protocol devoted to samples and then calculating to 
obtain the indicated potencies. 


The 0.120-pg/ml values were obtained from the segment of the 
calibration line lying between 0.1 and 0.15 pg/ml. The 0.1 point 
represented responses to 0.10 ml of the 0.1-pg/ml standard. The 
other end of the segment represented responses obtained from 0.15 
ml of the 0.1-pg/ml standard. Thus, the values of 0.120 pg/ml were 
obtained by using responses to 0.10 ml of sample to interpolate 
from a calibration line quite different from that for 0.10-ml sam- 
ples. In contrast to the 0.10-ml samples, the results for the 0.15-ml 
portions were interpolated from a region of the calibration line 
(very near a calibration point) where the slope had little influence. 
Results would be different away from one of the calibration points. 
Generally, the single-line version will bias the 0.10-ml samples low 
and the 0.15-ml samples high. The mean of such biased answers is 
not as near to the correct answer as the automated system is capa- 
ble of producing. 


DISCUSSION 


Selection of Interpolation Formulas-Agreement between an 
answer and the expected result is not sufficient to permit selection 
of the best interpolation formula. Even procedures that minimize 
standard deviation may not be the best. Anyone who follows these 
guides may be trapped into selecting incorrect methods. The prin- 
ciple applied here is that “correct” answers are not obtained by 
procedures with inherent biases. In deciding which one to use, the 
assumption is made that responses of the standard curve are with- 
out error. 


When sample responses are compared one-to-one with responses 
of the standard, the sample response indicates whether the sample 
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Table 111-Assay for Chlortetracycline in Animal Feeds 


Individual Potencies, pg/ml 
Sample Volume, ml  Mean 


Potency, 
Sample Equation 0.10 0.15 w / m l  U 


~~ ~ 


2 1 0.467 0.471 0.469 
2 0.467 0.471 0.468 


3 (1 line) 0.452 0.459 0.467 
9 1 0.356 0.346 0.335 


2 0.353 0.343 .O. 330 
3 (1 line) 0.284 0.279 0.350 


11 1 0.186 0.159 0.150 
3 (1 line) 0.121 0.113 0.176 


0 . 2  standard 3 (1 line) 0.125 0.124 0.201 


0.464 
0.464 
0.470 
0.325 
0.319 
0.346 
0.150 
0.179 
0.200 


0.468 0.003 
0.467 0.003 
0.462 0.008 
0.341 0.013 
0.336 0.014 
0.315 0.038 
0.163 0.016 
0.147 0.035 
0.162 0.043 


measures more or less than the standard. Only those interpolation 
procedures are valid that always give potencies that deviate from 
the standard in the same direction as the responses indicate they 
should. This criterion, when applied to the four kinds of calibra- 
tion lines, shows that all give acceptable results when a separate 
line is used for each channel of the diluter. 


Cubic equations fitted to more than four points degrade accura- 
cy and precision, as shown by lines 4(5) in Table 11. The single-line 
version of Eq. 3 gives grossly erroneous results, as shown by those 
in Table I11 and confirmed by those in Table 11. In Table 11, Sam- 
ple 9 is a standard solution assayed as a sample, the response of 
which can be compared with the responses of the 3-pglml stan- 
dard. Potencies interpolated from Eq. 3 (one line) have only one 
result, 2.921, that deviates from Eq. 3 in the direction indicated by 
the responses; the three other results are biased. Inspection of the 
table reveals the large standard deviations of results obtained from 
the one-curve version of Eq. 3 to be caused by systematic errors. 


Regardless of the form of the interpolation equation, the one 
that governs responses is Eq. A1 (see Appendix). Therefore, any- 
thing that affects coefficients of Eq. A1 also affects results interpo- 
lated from any other equation. Equations 1-3 and 5 represent con- 
venient interpolation formulas-not dose-response lines. 


A conclusion of interest is that in any assay corresponding to the 
assumptions (6) made in deriving Eq. Al, one antibiotic can be as- 
sayed in terms of another and the potency of the sample will be in- 
dependent of dose. Lack of identity of standard and sample will 
not cause an obvious bias in the assay, even though potency of the 
sample may be grossly erroneous. 


“Best” Calibration Lines-“Best” straight lines and curves of 
best fit are popular calibration lines without any evidence that the 
lines should be straight or that the best fit is such in other than a 
statistical sense. Use of an equation of best fit in place of one that 
goes through the actual calibration points or a point-to-point line 
implies that deviations of the calibration points from the best fit 
are caused by variances in responses. 


Experience with the automated assay system indicates small 
variances when it is correctly operated. Each response may be as- 
sumed to be at or very near to the true response and to deviate, if 
a t  all, by a small unknown amount. Since deviation from true is 
unknown and unknowable for each point of a standard curve be- 
cause each is determined by only one response, the simplest as- 
sumption is that of no error in the standard. This procedure attrib- 
utes all error to the sample but does not, of course, necessarily in- 
crease the size of the error. 


Equation 1, derived from the doseresponse line (Eq. All, 
should not be straight because of several approximations made in 
deriving it. To obtain Eq. 1, absorbance was substituted for N in 
Eq. A2 whereas, in reality, A and N were related by a quadratic ex- 
pression (6). Light-scattering properties of the bacteria may not be 
independent of antibiotic concentration, thereby adding an addi- 
tional nonlinearity to A. For these reasons, Eq. 1 is unlikely to be 
straight over an extended range of concentrations. Portions of the 
line may approximate a straight line as plotted, especially if speci- 
fications of accuracy are relaxed (Fig. 3). 


Although Eq. 1 was derived for the simplest system, it was a sat- 
isfactory interpolation formula for more complex ones. Published 
data were used to show its applicability to antibiotics that bind to 
ingredients of the medium (8): to antibiotics enzymatically degrad- 


ed in the biophase of the test organism (9), and to systems showing 
two phases in the drug-affected growth curve (10). 


Equations 2, 3, and 5 exhibit degrees of curvature varying from 
assay to assay. Usually Eq. 2 can be put into a nearly straight line. 
There are two reasons not to use a single calibration line with the 
automated system: the two sample sizes always produce different 
dose-response lines because of the difference in initial concentra- 
tions of test organisms, and the menstrum effect (Eq. Al) may 
cause distortion (Fig. 2). Another defect in the single-line version 
of Eq. 3 is that the geometric spacing of concentrations of stan- 
dards is too great. Concentrations of standards for turbidimetric 
assays should be uniformly spaced as in the erythromycin assay 
(Table I), regardless of the form of the calibration line used for ob- 
taining potencies because the real dose-response line is Eq. A1 (or 
A2). The other forms (Eqs. 2-5) are simply convenient interpola- 
tion formulas with no theoretical foundations. 


The best practice for more than four calibration points seems to 
be the point-to-point line whether the equation be 1, 2, 3, or 5. 
Whether 1, 3, or 5 is used for computer interpolations depends 
upon which gives lines with less curvature over the region of inter- 
est. When interpolation is done from a graph, the same criterion 
applies to Eqs. 1-3 and 5. Sometimes Eq. 5 is a little less curved 
than Eq. 3. If a cubic equation is used, it should be restricted to 
four points of the standard curve selected to cover the least curved 
portion of the line if su’ch restriction meets the analytical needs. 
The cubic equation, when appropriate, probably gives the smallest 
error of interpolation. 


Enough evidence has been given to establish the importance of 
considering consequences of Eq. A1 when selecting computational 
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Figure 2-Chlortetracyciine dose-response lines for Eqs. 1 and 
3. Only one of each pair of responses is shown. The dashed line 
is the single-line version of Eq. 3. 
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Figure %-Transformation of doses (Eq. A4) of erythromycin 
(W) and tylosin ( X )  to cornspond to the chlortetmcycline line. 
The erythromycin and tylosin lines were made to coincide with 
the chlortetracycline line at about 0.4 pgglml. The multiplier of 
dose was 0.22 for erythromycin and  0.102 for tylosin. N was the 
concentration of bacteria in  tubes with antibiotic, and  No was 
the concentration in  tubes without antibiotic. 


procedures for the automated system. If only low accuracy and 
precision assays are wanted, the form of the dose-response line 
and computational procedures are not important. But the influ- 
ence of f(u)km and NO of Eq. A1 cannot be ignored if full accuracy 
and precision of the automated system are to be achieved. A sepa- 
rate interpolation equation for each channel of the diluter must be 
used to obtain potencies with minimum interpolation error. Thus, 
each assay requires construction of four interpolation lines or 
equations, an operation most conveniently done by a computer. If 
calculations must be done by hand, straight-line interpolation 
using Eq. 3 requires the fewest operations of a calculatos. 


In a turbidimetric assay, the test organism is exposed to all com- 
ponents of a mixture in the same proportion as they occur in the 
sample. This is in contrast to diffusion methods in which the sev- 
eral components may reach affected bacteria in ratios quite differ- 
ent from those in the sample. Such fundamental differences in be- 
havior are part of the explanation for different potencies beingob- 
tained from the two methods applied to mixtures of antibiotics. 


Influence of pH on Activity-The general equation for dose- 
response lines, Eq. A1 (see Appendix), may be used to study the 
effect of the pH of the assay broth upon activity. The equation is 
applicable to mixtures as well as to single-component antibiotics. 
Although the pH of the medium affects the concentration of the 
active form of the drug, attributing the changes in activity solely to 
changes in the size of the specific inhibitory coefficient (kd simpli- 
fies the discussion. The changes in k, change the slope of the dose- 
response line, which shows as a change in activity. If the standard 
and sample contain the same single species of drug, the relative ac- 
tivity of the sample and standard is independent of pH. 


Mixtures may give a different response. The k,  of one compo- 


~~~ 


2 Hewlett-Packard model H-P 45 advanced scientific pocket calculator. 


nent of a mixture may change more with the pH of the assay broth 
than the k,, of another. The effect is to change the size of B,  slope, 
in Eq. A4 more for certain samples than others, resulting in a 
change of relative potencies. A sample could be less active than the 
standard at  one pH and more active at a different pH of broth. 
Consequently, potency of mixtures should be measured under 
carefully specified and attained conditions; otherwise, different as- 
says may find significantly different answers. 


Mixtures, unlike single-component antibiotics, do not have a po- 
tency directly translatable into weight except in the rare instances 
where the standard and sample have identical ratios of compo- 
nents. The potency of a mixture is equivalent to the activity in a 
particular assay of a certain concentration of standard and not to 
the concentration of standard. Samples of many acidic and basic 
antibiotics are mixtures not necessarily of the same relative com- 
position as the standards. Assays of these antibiotics may show 
high interlaboratory variances in potency. 


Indications of Invalidity-The second sample volume of 0.15 
ml was introduced into the automated system solely to test the in- 
validity of the assay of a sample. It was not required for purely an- 
alytical purposes. If the response of the standard and sample falls 
on the same dose-response line, the potency of the sample is inde- 
pendent of the concentration at  which it is assayed. In other words, 
if the standard and sample are indistinguishable, there is no evi- 
dence of invalidity. When the two sets of potencies (from 0.10 and 
0.15 ml of sample) for a sample differ by more than experience 
shows is normal for the substance and type of sample assayed, 
potencies are of questionable validity. 


In practice, especially with the assay of extracts of animal feeds, 
potencies obtained from the 0.1- and 0.15-ml volumes of samples 
may not be the same, thereby indicating bias. Such bias casts 
doubt upon the accuracy of the potency. The bias may be caused 
by inhibiting or stimulating substances in the extract, the f (u)km 
effect (Eq. Al). Equation A1 indicates that antibiotics in the sam- 
ple but not in the standard may not cause assay bias. 


Once the nonantibiotic source of bias is recognized, steps can be 
taken to minimize it. For example, the inhibitory substance (acid 
methanol) in the chlortetracycline extract was not removed by 
evaporation because of the difficulty of being certain that stan- 
dards and samples were treated in an identical manner. Instead, 
samples and standards were diluted in the same solution used to 
extract the antibiotic from the feeds. This procedure could be fol- 
lowed because the automated system measured acid methanolic 
solutions as accurately as aqueous ones. Acid methanol inhibited 
growth of S. aureus, as shown by the large difference in turbidity 
of the zero tubes in Fig. 2. Tubes of the lower line (Eq. 1) received 
0.05 ml more acid methanol than those of the upper line. 


Apparent bias can be caused by use of the wrong calibration 
line. For example, all results, except for Sample 2 in Table 111, ob- 
tained from the one-curve version of Eq. 3 would be considered in- 
valid or suspect. These invalidities were caused solely by erroneous 
computational procedures. Thus, biases caused by the single-line 
standard curve throw valid assays into doubt. Any single dose-re- 
sponse line constructed from responses obtained from more than 
one concentration of inoculum gives biased answers. Furthermore, 
such lines have no advantage when the data are processed either 
by computer or by hand. 


Sources of Errors-Experience shows the absolute necessity of 
treating the sample and standard in an indistinguishable manner. 
The automated equipment will do its part to produce high accura- 
cy assays by so processing standards and samples. The analyst 
must make certain that events external to the equipment do not 
degrade overall performance. The standard and sample must be in 
solutions of identical composition with respect to inorganic ions, 
organic solvents and other organic compounds, pH, and buffer ca- 
pacity before high accuracy assays are possible. These conditions 
can be approximated for many samples but are not. Results of the 
theoretical treatment (Eq. Al)  and extensive experience with di- 
verse assay systems emphasize the importance of diluting s h -  
dards and samples in exactly the same solvents. Not doing so has 
caused analysts to suffer much grief. Even using water for one and 
buffer for the other may affect assays not so accurate as those done 
with the automated equipment. 


The mechanical operations are done so precisely by the auto- 
mated system that external influences, not noticed in low accuracy 
assay, become apparent. Quite often, obvious deviations, first at- 


848 / Journal of Pharmaceutical Sciences 







tributed to malfunction of equipment, are found to be caused by 
poorly controlled operations external to the equipment. The style 
of operations, considered adequate for manual assays, is soon 
found to be the source of error and variance. Some sources of error 
are: use of a water bath inadequate with respect to temperature 
uniformity, heating of the assay tubes in a steam bath instead of a 
water bath to stop growth at  the end of the test, change in temper- 
ature of the inoculated broth during the diluting stage, dilution of 
standards and samples to assay concentrations by inaccurate 
means, too wide spacing of concentrations of standards, use of in- 
appropriate calibration lines, measuring samples against a stan- 
dard curve incubated in a different assay-tube carrier, use of dif- 
ferent solvents for standards and samples, and use of degraded 
standards (high bias) or standards that increased in concentration 
(low bias of samples) because solvent evaporated during storage of 
the solution. These errors of operations affect results by influenc- 
ing the size of one or more elements of Eq. A l .  


APPENDIX 


General Equation-The fallacy of a single calibration line 
when applied to the particular automated system or to any other 
in which different assay tubes receive different concentrations of 
inoculum is easily explained. Antibiotic assays of concern here are 
really growth rate assays. The simplified explanation is that the 
antibiotic reduces growth rate for a time of incubation which is the 
same for all tubes in an assay. The effect of lag period and other 
variants was discussed elsewhere (6) and will be ignored here. The 
assumptions stated there also apply to this treatment. Turbidity at 
the end of the incubation period is the integrated effect of growth 
rate over time. 


The general equation can be written: 


(Es. Al) 


where Nt is the bacterial concentration after incubation time, t ,  for 
an initial concentration of bacteria of NO, at  a concentration, C ,  of 
antibiotic which has an inhibitory coefficient, k,, for the test orga- 
nism; ko is the generation rate constant in the absence of antibiotic 
(11); k ,  is the coefficient for menstruum effect; and f(u) is a func- 
tion of the volume of sample added to the assay tube. 


The f(u)k, was introduced to  recognize the influence of sub- 
stances other than the antibiotic upon growth of the test organism. 
The term can account for the effect of such inhibitory agents as 
acid methanol in chlortetracycline assays as well as the effect of 
growth-promoting substances in extracts of animal feeds and of 
excipients in pharmaceutical dosage forms. Equation A1 reduces 
to the form of Eq. A2, as does the equation (5, 6) derived for the 
special case of f(u)k, = 0. 


Strictly, Eq. A1 holds only so long as growth is in the log phase, 
a good first approximation in practice. Since Nt is proportional to  
No, anything that affects No changes Nt by the same proportion. 
As stated earlier, the diluter of the automated system dilutes each 
sample to 10 ml, causing one-half of the assay tubes to receive 9.9 
ml of inoculated broth and the other half 9.85 ml of broth. There- 
fore, one-half of the assay tubes has a concentration of inoculum of 
N o  and the other half has an inoculum concentration of 0.995 No. 
That difference of 0.5% in inoculum concentration is important 
when turbidity is as accurately measured as it  is in the system. The 
difference in inoculum concentration is the principal cause of the 
differences of turbidities in the tubes without erythromycin in 
Table I. The extreme sensitivity to inoculum concentration ex- 
plains failure of antibiotic assays inoculated, as in vitamin meth- 
ods, by adding a drop of inoculum to each tube. 


Other substances, in addition to antibiotic, can affect growth 
rate. If any inhibitory substance is added with the antibiotic, then 
one-half of the assay tubes in the automated system receives 50% 
more of it than the other half. The additional 0.05 ml of solution 
added by the 0.15-ml channels can have a profound influence upon 
growth rate. Examples are the acetone used as solvent in the mon- 
ensin assay (12), the methanol-pH 8 buffer (4060) in the tylosin 
assay (13), and the acid methanol used in the chlortetracycline 
assay (Fig. 2). 


In Eq. A l ,  the algebraic sign of k, is positive for growth-pro- 
moting substances such as amino acids, vitamins, purines, pyrimi- 
dines, other organic compounds, essential inorganic ions, and po- 


tentiating agents. The sign is negative when other inhibitory sub- 
stances are added with the antibiotic. The k ,  may be factored into 
at  least three parts: one for growth, one for effect of diluent, and 
one for interaction between ions in the sample and the antibiotic. 
In a particular assay, from none to all three kinds of k, may be in- 
volved. The numerical value of k, (growth) is a function of nutri- 
tional requirements of the test organism, nutritional completeness 
of the assay medium, and composition of the sample solution. 


For assays for penicillins, cephalexin, and erythromycin using S. 
aureus growing in antibiotic assay broth, k, (growth) is zero or 
nearly zero for samples dissolved in pH 7 phosphate buffer. This is 
not true for the monensin assay, which is done in nutritionally lim- 
iting assay broth (12). The value of k, (diluent) may be zero, as in 
the example above, a small number when acetone is the solvent, as 
in the monensin assay, or a much larger number, as in the chlor- 
tetracycline assay. If salts in the sample solution interfere with the 
activity of the antibiotic, then k, (interaction) is not zero. Exam- 
ples are reduction of activity of neomycin by aluminum, ferrous, 
and magnesium ions (141, potassium chloride, and potassium phos- 
phate (15) and reduction of activity of novobiocin by magnesium 
ion (16). Thus, there are a t  least three k, affecting an assay. 


The f(u) has at  least three forms, all unknown: one form for 
growth-promoting substances, one for such inhibitory products as 
acetone and acid methanol, and one for substances that reduce ac- 
tivity of the antibiotic such as certain inorganic ions interacting 
with aminoglycoside antibiotics. 


The apparent influence of the several f(u)k, depends upon the 
design of the assay. It is not apparent when one volume of stan- 
dard solution (or sample) is added to a constant volume of inocu- 
lated assay broth. The effect of f (u)k,  upon dose-response lines 
may be significant when more than one volume of sample is dilut- 
ed to a constant volume with inoculated assay broth, as is done by 
the automated system used in this work. The lines for Eq. 1 in Fig. 
2 illustrate this point (compare with equivalent lines in Fig. 1). 


Although an exact Eq. A1 cannot be written, enough is known of 
the general form to use it to explain observations and to make pre- 
dictions. Application of Eq. A1 will be made to tylosin and mon- 
ensin assays. In the tylosin assay, k, (growth) and k, (diluent) 
may not be zero. The sign of k, (growth) may be negative for some 
samples because of the presence of inhibiting concentrations of 
heavy metals. It was to remove such interferences that treatment 
with calcium phosphate was instituted (13). The methanol-pH 8 
buffer (4060) gave k, (diluent) a negative sign. There was no evi- 
dence for k, (interaction). The dose-response line for tylosin in 
feed extracts will always be affected by k, (diluent) but usually 
not by k, (growth). 


The monensin assay (12) is more complex. Acetone in the ex- 
tract reduced growth rate, fats in the extract increased growth 
rate,' and potassium 'ion reduced activity of monensin. Activity of 
the fats in the feed extracts was compensated so that, in effect, k, 
(growth) = 0. Problems with postassium ions were avoided by 
using acetone to extract monensin but not appreciable potassium 
ions. Thus, only k, (diluent) remained to affect the assay. 


Multiple-Factor Ant ib io t icsThe  logarithmic form of Eq. A1 
may be written as: 


l n N ,  = A - BC (Eq. A21 


where A = kot + f(u)k,t + In NO and B = tk,; A is the logarithm 
of the concentration of test organism obtained in the absence of 
antibiotic. The value of A is affected by the initial concentration of 
bacteria in the assay tube, growth rate of the organism, incubation 
time, and the assorted influences represented by f(u)k,. Tempera- 
ture of incubation affects growth rate and, consequently, the value 
of A. In a test (one carrier of the automated system), t and ko are 
the same for all tubes and No and f (u)k,  should be the same for all 
tubes receiving the same volume of sample. The size of A is not in- 
dependent of sample volume because NO is not and f(u)km may not 
be. 


Slope, B, of the line depends upon t and k,. If the antibiotic has 
a single active component, k. is the same in all tubes of an assay. If 
the antibiotic is a mixture, k,C has several components such as 
k , i C ~  + k,zCz + kn&3 . . . . Furthermore, the standard and sam- 
ple may be different mixtures. Usually one factor, say 1, will be 
present in the greatest concentration and the concentrations of the 
other components can be expressed as a fraction of factor 1 such 
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as: C2 = bC1, C3 = cC3, . . . . In the same way, the several specific 
inhibitory coefficients can be related to that of component 1 by koa 
= ek.1, k.3 = gk,l, . . . . Therefore, the components of k,C can be 
written as: 


k,,C, + ek,,bC, + gk,,cC, = (1 + eb + gc)k,,C, = 


Substitution in Eq. A2 leads to: 
hk,,C1 (Eq. A3) 


lnN, = A - hBC, (Eq. A4) 


Equation A4 differs from Eq. A2 written for a standard com- 
posed solely of factor 1 by the constant h. Therefore, Eq. A4 can be 
made identical with Eq. A2 by means of a change in the dose scale. 
This conclusion was tested by results from an assay containing re- 
sponses of chlortetracycline (0-1 bg/ml), erythromycin (2-3 pg/ 
ml), and tylosin (2-8 pg/ml). The agreement of the transformed 
erythromycin and tylosin doses with those of chlortetracycline 
(Fig. 3) giving the sake responses are as good as can be expected 
considering the graphical conversions required to obtain values of 
N (6). Chlortetracycline was about five times as active as erythro- 
mycin and about 10 times as active as tylosin in the assay. The 
values of A in Eq. A2 were 2.08 for chlortetracycline, 2.05 for 
erythromycin, and 2.11 for tylosin. A consequence of the slopes of 
the standard and sample being related by a constant multiplier is 
that any mathematical transformation keeps the relationship un- 
changed. No form of interpolation line causes bias attributable to 
form. Of course, a line that does not fit the calibration points caus- 
es bias. 


Differences in A (Eq. A2) between- the standard and sample 
cause bias. If the differences are large enough, the validity of the 
assay is questioned. Differences in A are most likely to be caused 
by differences in f(u)km because No, t ,  and ko should be the same 
for the standard and sample. If they and f(u)km are not, the assay 
should be considered invalid. Within a test, if A is the same for the 
standard and sample, responses of the sample even at  several doses 
cannot establish the identity of the sample with that of the stan- 
dard. 


Nothing written here should be considered a recommendation 
for assaying one antibiotic in terms of another. That always is a 
bad practice. 


The assumption made in deriving Eq. Al, that inhibition of the 
growth rate of the test organism was proportional to the concen- 
tration of antibiotic, may not always be true. Certain combinations 
of test bacteria and antibiotics seem to show inhibitions propor- 
tional to a higher power of concentration of antibiotic such as the 
square. When this is true, Eq. A2 should be written: 


logN, = M - PC2 (Eq. A5) 
Assays following Eq. A5 are exemplified by those employing 


Klebsiella pneumoniae (ATCC 10031). The response with chlor- 
tetracycline, oxytetraycline, hygromycin A, dihydrostreptomycin, 
and streptomycin was studied. Examples of published data are 
those on the latter two antibiotics (17) and chlortetracycline alone 
and mixed with a constant proportion of neomycin (18). For these 
systems, graphs in the form of Eqs. 1-3 and 5 are highly curved. 
Interpolation from a point-to-point straight-line version of Eq. 1 


causes a negative error in potency because of poor approximation 
to the highly curved calibration line. The size of the error depends 
upon the closeness of spacing of concentrations of antibiotic in the 
standard curve. The closer the spacing and the higher the concen- 
tration, the smaller is the error. Calculations from a model showed 
errors as large as 5% at the lower concentrations. 


Although use of an incorrect calibration line (Eq. 1) can cause 
significant error, the relative size of the errors change so slowly 
with concentration that invalidity probably will not be indicated 
by the test applied to the automated system. Even though use of 
an inappropriate calibration line might not cause substantial error, 
such systems should be identified and a more nearly straight line 
(Eq. A5) should be used. When K. pneumoniae is the test orga- 
nism in assays providing data required for calculating relative in- 
hibitory coefficients (19) of families of antibiotics, calculations 
should be based upon Eq. A5-not Eq. Al .  
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Conversion of Agroclavine to Setoclavine and 
Isosetoclavine in Cell-Free 
Extracts from Claviceps sp. SD 58 and in a 
Thioglycolate-Iron 111) System 


RAGHBIR S. BAJWA and JOHN A. ANDERSONx 


Abstract 0 Agroclavine was converted to setoclavine and isoseto- 
clavine in crude extracts from Clauiceps sp. SD 58. The ratio of se- 
toclavine to isosetoclavine was 0.95. The conversion with boiled 
crude extract was 68% of the conversion with unboiled extract. In a 
thioglycolate-iron (11) system at 40° for 5 hr, 45.5% of agroclavine 
was converted to setoclavine and isosetoclavine. At 70’ for 4 hr in 
the thioglycolate-iron (11) system, 4% of 4-dimethylallyltrypto- 
phan was converted to clavicipitic acid. 


Keyphrases Agroclavine-conversion to setoclavine and isose- 
toclavine, cell-free extracts from Clauiceps sp. SD 58 and thiogly- 
colate-iron (11) Setoclavine and isosetoclavine-converted from 
agroclavine, cell-free extracts from Clauiceps sp. SD 58 and thio- 
glycolate-iron (11) Thioglycolate-iron (11)-conversion of agro- 
clavine to setoclavine and isosetoclavine 0 Clauiceps sp. SD 58- 
conversion of agroclavine to setoclavine and isosetoclavine 


Clavine alkaloid-producing strains of ergot fungus 
produce setoclavine, isosetoclavine, penniclavine, and 
isopenniclavine. These alkaloids are derived from 
agroclavine and elymoclavine (1). Beliveau and Ram- 
stad (2) proposed that the hydroxylation was nonen- 
zymatic, since both isomers, i.e., setoclavine-isoseto- 
clavine and penniclavine-isopenniclavine, were 
formed in most fungal species that carried out the 
conversion. 


Shough and Taylor (3) showed that horseradish 
peroxidase in the presence of hydrogen peroxide 
could catalyze the 8-hydroxylation of agroclavine and 
elymoclavine. However, Jindra et al. ( 4 )  reported 
that Claviceps sp. SD 58 had high catalase activity 
but contained very little peroxidase. Wilson et al. (5) 
observed that mammalian cytochrome P-450 con- 
verted agroclavine to setoclavine and isosetoclavine 
in addition to other products, and NADPH was re- 
quired as a cofactor. 


This article reports the 8-hydroxylation of agrocla- 
vine and elymoclavine in a thioglycolate-iron (11) 
system, which may resemble the system for nonenzy- 
matic formation of setoclavine, isosetoclavine, penni- 
clavine, and isopenniclavine, in cultures of Claviceps 
sp. SD 58. 


EXPERIMENTAL‘ 


Materials-Radioactive agroclavine and elymoclavine were 
prepared by feeding 14C-methylene-tryptophan to Clauiceps pur- 
purea PRL 1980. After 5 days of growth in mannitol medium (6) 


’ Clauiceps sp. SD 58 was provided by Dr. J. E. Robbers and reference 
clavicipitic acid was provided by Dr. H. G. Floss of Purdue University, La- 
Fayette, Ind. Reference setoclavine, isosetoclavine, and penniclavine were 
gilts from Dr. Von Warthurg and Dr. Stadler, Sandoz Ltd., Basle, Switzer- 
land. 


supplemented with 400 mghiter L-tryptophan and 2.0 mM nia- 
cinamide, 100 pCi of 14C-tryptophan was added to 25 ml of culture. 
After 15 days, the culture was homogenized and filtered. The resi- 
due was washed with water, and washings and the filtrate were ex- 
tracted with ammonia-ether. 


The ether extract was extracted with 0.1 N sulfuric acid, and the 
aqueous extract was made basic with sodium carbonate and then 
extracted with ether. The ether extract was evaporated to dryness, 
and the residue was dissolved in ethanol. The extract was fraction- 
ated on TLC with ethyl acetate-acetone-dimethylformamide (5: 
5:l). 


Agroclavine and elymoclavine were further purified by prepara- 
tive TLC, using chloroform-methanol (4:l) and chloroform-di- 
ethylamine (91) solvents. Setoclavine and isosetoclavine were also 
separated from the alkaloid extract by preparative TLC as de- 
scribed for the incubated systems. 
4-Dimethylallyl-[3-14C]-tryptophan was synthesized according 


to procedures of Plieninger and coworkers (7-9). The decarboxyla- 
tion of 4-bromoindole-2-carboxylic acid was carried out as de- 
scribed by Kohler and Anderson (10). 14C-Formaldehyde was used 
in the conversion of 4-dimethylallylindole to the gramine. The spe- 
cific activity of the final product was 4.9 pCi/pmole. 


Procedures-Clauiceps sp. SD 58 was grown in yeast extract- 
mannitol medium NL-406 (11) for 10-16 days, and the culture was 
filtered on a buchner funnel. The cells were washed with 0.02 M 
phosphate buffer (pH 7.01, suspended in the same buffer, and ho- 
mogenizedz for 3-6 min a t  maximum speed. The mixture was cen- 
trifuged a t  10,000Xg for 20 min, and the supernate (crude extract) 
was collected. All operations for preparation of the crude extract 
were carried out a t  0-5’. 


The incubation mixture consisted of crude extract (7.0 mg/ml), 
1.9 X M agroclavine (8.4 PCi), and 1.0 mg streptomycin sul- 
fate in a final volume of 2.2 ml. Crude extract and chemically de- 
fined mixtures were incubated on a shaker“ at 25”, unless another 
temperature is indicated. 


After incubation, alkaloids were extracted as described for the 
preparation of labeled alkaloids, and preparative TLC was carried 
out with chloroform-triethylarnine (9:l). After elution of setocla- 
vine and isosetoclavine with 1.096 ammonium hydroxide in etha- 
nol, the samples were dried, dissolved in 0.5% 2,5-diphenyloxazole 
in toluene, and counted4. The percent conversion was the percent 
of radioactivity applied to the TLC plate recovered from the re- 
gion of the plate containing setoclavine or isosetoclavine. Radioac- 
tive penniclavine and isopenniclavine were fractionated by prepar- 
ative TLC with chloroform-methanol (4:l). 


Conversion of agroclavine to setoclavine and isosetoclavine in 
the chemically defined systems was also measured fluorometrical- 
ly. After incubation, 8 ml of methanol was added to 2 ml of incuba- 
tion mixture. The fluorescence was then measured5 with excitation 
at 325 nm and emission at 425 nm. These wavelengths corre- 
sponded to the excitation and emission maxima. Reference seto- 
clavine and isosetoclavine had excitation and emission maxima at 
the same wavelengths. The intensity of fluorescence correlated 
well with the amounts of setoclavine and isosetoclavine estimated 
visually by TLC. 


After reaction of dimethylallyl-[3-14C]-tryptophan in the thio- 
glycolate-iron (11) system, the incubation mixture was adjusted to 


* Virtis “45” homogenizer. 


4 Beckman model L 200 liquid scintillation counter. 
5 Aminco-Bowman spectrophotofluorometer. 


Dubnoff. 
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Table I-Effect of pH on Conversion of Agroclavine t o  
Setoclavine a n d  Isosetoclavine i n  
Thioglycolate-Iron (11) System" 


Conversion, % 


Setoclavine Isosetoclavine P H  


4.0 
4.5 
5.0 
5.5 
6.0 
7.0 
8.0 
9.0 
5.5* 


20.7 
22.8 
18.9 
15.1 
14.5 
9.1 
7.6 
7.2 
1.7 


19.7 
22.7 
18.3 
13.9 
14.6 
8.3 
6.6 
7.6 
3.6 


0 The incubation mixture contained 3.5 X 10-1 M '4C-agroclavine (0.064 
pCi), 4.0 X 10-4 M iron (11) sulfate, 0.02 M sodium thioglycolate, and 
buffer in final volume of 2.4 ml. Sodium acetate buffer (0.5 M )  was used for 
pH 4.0, 1.5, 5.0, and 5.5,0.2 M sodium phosphate buffer was used for pH 6.0. 
7.0, and 8.0, and 0.2 M tromethamine hydrochloride buffer was used for pH 
9.0. The reaction was carried out for 5 hr at  40'. b Buffer only. 


pH 5.0 with dilute hydrochloric acid and passed through a column 
of cation-exchange resin6. Alkaloids and amino acids were eluted 
from the resin with 5% ammonium hydroxide solution. The eluate 
was dried under vacuum on a rotary evaporator, and the residue 
was dissolved in 0.5 ml of 95% ethanol containing 1.0% ammonium 
hydroxide for TLC. 


RESULTS AND DISCUSSION 


The percent of setoclavine and isosetoclavine of the total alka- 
loid extract from cultures of Clauiceps sp. SD 58 was 1.42 and 
1.79%, respectively. The percent conversion of agroclavine to seto- 
clavine was 1.87% with crude extract and 1.12% with crude extract 
that  had been boiled for 10 min. The percent conversion of agro- 
clavine to isosetoclavine was 1.97% with crude extract and 1.48% 
with boiled crude extract. 


Several systems were tested for 8-hydroxylation of agroclavine, 
and the most effective system was thioglycolate7-iron (11). Under 
optimum conditions, conversion to setoclavine and isosetoclavine 
combined was 45.5% (Table I). The conversion was favored a t  low 
pH. The ratio of setoclavine-isosetoclavine was 1 throughout the 
pH range of 4.0-9.0. 14C-Elymoclavine was converted to pennicla- 
vine (5.8%) and isopenniclavine (6.0%) in this system. 


The efficient conversion of agroclavine to setoclavine and isose- 
toclavine in a nonenzymatic system, the ratio of setoclavine-isose- 
toclavine near 1 in the cultures as well as in crude extracts, and the 
stability of most activity to boiling indicate that the majority of 
the formation of setoclavine and isosetoclavine in cultures of C l a w  
iceps sp. SD 58 is nonenzymatic. 
Dimethylallyl-[3-'4C]-tryptophan was also incubated in the 


thioglycolate-iron (11) system. A t  40°, there was little conversion 
of dimethylallyltryptophan to Van Urk's positive products. The 
concentrations of thioglycolate and iron (11) were varied, and high- 
er temperatures were used to increase conversion. Conditions that 


Dowex 50(H+) (100-200 mesh), Dow Chemical Co. 
Sodium thioglycolate, Sigma Chemical Co. 


appeared to give the best conversion to Van Urk's positive prod- 
ucts were 4.0 X M iron 
(11) sulfate, 3.8 X M dimethylallyl-[3-14C]-tryptophan (0.2 
pCi), and 0.5 M sodium acetate (pH 4.0) in a final volume of 2.2 ml 
incubated for 4 hr at 70'. 


The products were fractionated on cation-exchange resin and on 
TLC with developing solvents of chloroform-methanol-acetic acid 
(70:20:5 and 84:l) and methyl acetate-isopropanol-ammonia (45 
35:20). A radioactive spot corresponded to  reference clavicipitic 
acid in these three solvents. The percent conversion to clavicipitic 
acid was 4.0%. Fifty percent of the radioactivity was recovered in a 
number of spots below dimethylallyltryptophan on TLC. 


The 8-hydroxylation of agroclavine and elymoclavine and the 
conversion of dimethylallyltryptophan to clavicipitic acid in the 
thioglycolate-iron (11) system probably proceed by similar mecha- 
nisms. A reasonable initial step would be radical formation 
through removal of the allylic hydrogen. Activation at the allylic 
carbon of dimethylallyltryptophan is consistent with the recently 
revised structure of clavicipitic acid, in which a C-N bond con- 
nects the a-amino nitrogen and the allylic carbon (12). Further 
studies are necessary to determine the reactions involved in forma- 
tion of the products in this system. 


In contrast to the failure to obtain significant enzymatic 8-hy- 
droxylation of agroclavine and elymoclavine, dimethylallyltrypto- 
phan is actively converted to clavicipitic acid in extracts from 
Clauiceps sp. SD 5@. The thioglycolate-iron (11) and related sys- 
tems should be useful models for the enzymatic reaction. 


M sodium thioglycolate, 2.0 X 
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Simple and Reliable Method for Serial Sampling of 
Blood from Rats 


R. A. UPTON 


Abstract 0 A technique for serial sampling of whole blood, plas- 
ma, or serum from unanesthetized, unrestrained rats is described. 
This technique is sufficiently rapid, reliable, and independent of 
the need for elaborate preparation, specialized equipment, or prac- 
ticed skills to appeal to a wide range of experimental and teaching 
situations requiring multiple sampling from many animals. A sim- 
ple surgical procedure implants a one-piece jugular cannula cut 
from a commercial coil of silicone polymer tubing. Multiple blood 
samples are almost immediately available for 5 weeks or more. 
Plasma or serum samples are readily obtainable from each blood 
sample without transfer from the syringe in which it is collected. 
Intravenous injection through the cannula does not prejudice later 
sampling protocol. 


Keyphrases Blood sampling, serial-simple and reliable meth- 
od, technique and equipment described, rats Serial sampling, 
blood-simple and reliable method, technique and equipment de- 
scribed, rats 


The size of the rat makes i t  a convenient laborato- 
ry animal for instructional classes and limited facility 
situations or where statistical treatment of data ne- 
cessitates a number of subjects. For pharmacokinetic 
studies in particular, a simple technique for serial 
sampling of blood from these animals would be most 
useful. 


The methods available, however, are unreliable, 
traumatic for the subject, difficult for the operator, 
or require elaborate preparation or specialized equip- 
ment. The following modification of the Popovic and 
Popovic (1) and Weeks and Davis (2) methods in- 
volves a simple, rapid surgical procedure, requiring 
neither elaborate preparation nor equipment more 
specialized than medical-grade tubing. Cardiac blood 
samples from the unanesthetized, unrestrained rat 
can then be taken repetitively and almost instanta- 
neously. Plasma or serum samples are available for 
very little extra outlay of time or effort. 


The modifications described thus eliminate prob- 
lems counter to the demands of those very situations 
that favor choice of the rat as a laboratory subject. 
The technique is well suited to a wide range of exper- 
imental and teaching situations requiring multiple 
samples from large numbers of animals. 


EXPERIMENTAL 


Surgical Procedure-The rat is lightly anesthetized with 
ether, and the hair is removed from about a 2-cm square of the 
skin on the back of the neck. The animal is then held on its back 
by taping the forelegs to a board with adhesive tape. Light anes- 
thesia is maintained for the rest of the surgical operation by apply- 
ing a small wad of tissue paper over both the rat’s nose and mouth 
and moistening the wad with ether occasionally. 


Hair is clipped from above the right jugular vein, and a 2-3-cm 
skin incision is made in an anterior direction from above the mid- 
point of the right collar bone. By blunt dissection, about 1 cm of 
the external jugular vein is exposed forward from its emergence 
from below the collar bone. A 14-gauge hypodermic needle, from 
which the hub has been removed, is inserted under the skin a t  a 
point in line with, and about 1 cm anterior to, the exposed section 
of the jugular vein. It is passed subcutaneously but directly ( i .e . ,  
over the right shoulder but under the ear) to pierce the skin in the 
center of the clipped area on the back of the neck and just above 
the shoulder blades. 


A 150-mm length of silicone polymer tubing is threaded through 
the needle, and the latter is removed through the back of the neck 
to leave the tubing lying subcutaneously. A syringe charged with 
heparinized saline is attached to the dorsal end of the tubing, and 
the tubing is rinsed with a little of the solution. 


The exposed section of the vein is ligated anteriorly, and the 
ends of the tie are left uncut. By taping these ends to the operating 
board beside the subject’s head, slight traction can be applied to 
the vein. A short oblique cut is made in the vein with a pair of fine 
scissors just below the ligature. By lifting the resultant flap with a 
pair of fine forceps and rotating the tubing, the ventral end of the 
tubing can easily be inserted into the vein. Thirty millimeters of 
tubing is passed toward the heart. 


The tubing is secured by tying firmly around the vein just above 
the collar bone and again closer to the point of insertion of the can- 
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Table I-Short Sampling Interval 
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Figure 1-Pharmacokinetic study. A 282-g rat was dosed 
intraperitoneally with 7.5 X 106 dpm W-antifolate Compound 
I ,  12 hr nftercannula implantation. 


HOURS AFTER DOSING 


nula. The ends of the anterior ligature are firmly tied around the 
exposed tube; another tie is made below the ligature but above the 
point of insertion, thus securing the exposed cannula to the deplet- 
ed section of the vein. Possible occlusion of the cannula can be 
monitored after each tie by movement of the plunger of the syringe 
still attached. 


Parted subcutaneous tissue and musculature are reunited by 
discontinuous sutures. Where possible, the sutures are passed 
around the tubing. Three or four usually suffice. The ventral skin 
incision can then be closed, also with discontinuous sutures (six to 
eight). A firm tie is made around the tubing and skin just before 
the tubing emerges at the back of the neck; the ends of the tie are 
left long and are used to form a small loop above the‘skin. After in- 
jection of 0.2 ml heparinized saline, the cannula can be cut with a 
bevel to a length of 10-20 mm and stoppered with a light plug 
fashioned from 24-gauge stainless steel wire. 


A translucent, seamless silicone tubing’ (0.51 mm i.d., 0.94 mm 
0.d.) was used. Sterilization was found to be unnecessary. The tub- 
ing was wiped free of visible lint prior to insertion into the vein. 
Vein wall obstruction of the cannula was never a problem if the 
tubing was beveled by trimming to an arrowhead and the tip of the 
arrowhead was removed by a transverse cut. Correct location of 
the cannula in the vein was assisted by marking the tubing, e.g., 40 
mm from the bevel. The heparinized saline used was normal saline 
containing heparin, 10 units/ml. 


While not expensive, the cannula could be cleaned without diffi- 
culty and reused indefinitely. 


Cannulated subjects were individually housed. All animals sur- 
vived surgery, regained consciousness within minutes after the op- 
erations described, and moved apparently unencumbered after 
about 0.5 hr. Presence of the cannula caused no obvious discom- 
fort. Where possible after effects of light ether anesthesia present- 
ed no objections, animals could be used for sampling procedures 
almost immediately. 


Sampling Procedure-The following technique was employed 
for obtaining blood samples for pharmacokinetic studies from can- 
nulated male Wistar rats, 250-300 g, approximately 4 months old. 
Each was housed individually in a urine-feces separating appara- 
tus, having a cage of 25-cm diameter horizontal cross section. (Any 
similarly sized, shallow roofless cage would be suitable.) Handling 
of the animal was found to be unnecessary. Rather, movement of 
the animal (rare) during the withdrawal procedure was followed by 
a complementary movement of the hands manipulating the cannu- 
la or attached equipment. 


A small clip was positioned a t  the back of the neck, both to 
clamp the suture loop and occlude the exposed tubing. The plug 
was removed from the cannula. A syringe fitted with a 23-gauge 
needle and containing 0.2 ml heparinized saline was inserted into 
the cannula. The cannula was released from the clip, which was al- 
lowed to hang from the suture loop. Then 0.2 ml of blood was with- 


~~ 


Silastic 602-135, Dow Corning International Ltd. 


~~~~~ ~~ 


Sampling Time, Weight of Blood 
min a f t e r  Samples,  g Content ,  d p m  
D0singa.b Whole Blood Wc/g Blood 


60.0 
61.0 
62.0 
63.0 
64.0 
64.5 
65.0 
65.5 
66.0 
66.5 


0.2068 
0.1988 
0.2006 
0.1962 
0.1930 
0.1953 
0.2017 
0.2043 
0.2100 
0.2058 


5851 
5864 
5728 
5461 
5231 
4957 _. . 


4754 
4571 
4527 
4323 


a A 282-g rat was dosed intraperitoneally with 7.5 X 106 dpm “C-anti- 
folate Compound 1 , l O  days after cannula implantation. * Standard procedure 
(withdrawal of 0.2 ml of blood prior to each sample and return with 0.2 ml of 
beparinized saline after each sample) was omitted after 64.0 rnin for 30- 
sec sampling. 


drawn into the syringe, held vertically to minimize mixing of blood 
and saline. 


The syringe was removed from the needle and stored vertically 
in a needle scabbard taped to a wall, and a fresh syringe was fixed 
to the needle still attached to the cannula. The sample of blood was 
withdrawn and the syringe was removed. The first syringe was 
then returned to the needle, and the blood followed by the upper 
layer of heparinized saline was injected into the animal. The can- 
nula was then reguided between the jaws of the clip, and the nee- 
dle was removed. 


Use of the clip enabled rapid access to samples without excessive 
blood loss or introduction of air. Entry of air could be further min- 
imized by additional application of the clip between syringe ma- 
nipulations. Use of the loop of suture material prevented drag on 
the cannula. Subjects wore the clip arrangement for up to 12 hr 
when sampling was frequent. When sampling intervals were long- 
er, e.g., overnight, the lighter plug replaced the clip and the loop 
was not necessary. Hold-up volume of the cannula and attached 
needle plus dead space between the needle and syringe was 20-25 
PI. Removal of the needle bevel aided preservation of the tubing 
material. 


During one pharmacokinetic study, each rat  provided 15 sam- 
ples of 0.2 ml blood at 10, 20, 30, 5, and 60 min and thereafter 


study, 17 samples were removed from each subject with the same 
regimen to 1 hr  but with the remainder of the samples spaced to 48 
hr2 (Fig. 1). In all cases, samples could be taken within seconds of 
the nominated times. 


Sampling could be comfortably achieved every minute. For more 
frequent sampling, the advantages of rinsing the cannula disap- 
peared. By omission of rinsing and blood volume replacement, 
samples could be withdrawn every 30 sec without rush (Table I). 
These samples contained the contents of the dead space, giving for 
each 0.2 ml sample about 10% contamination from the previous 
sample. This contamination could be reduced by skillful use of the 
air introduced when syringes were changed without application of 
the clip. 


Two rats were retained for 5 weeks, after which time blood sam- 
ples could still be freely removed. Both subjects continued to show 
no patent ill effects. For these longer term animals, a loose rather 
than firm tie was made at the back of the neck with a fairly coarse 
sewing silk and the loop was constructed as before. A small piece 
of adhesive tape was folded over the cannula and loop such that 
both were fixed between the two adhesive surfaces. The resulting 
protective sheath was trimmed. 


Where the cannula was used as frequently as daily, no special 
rinse-out precautions were necessary. For the first use of the can- 
nula after more than 24 hr, initial withdrawal of a small blood sam- 
ple was advisable. Cannulas not undergoing use were rinsed week- 
ly, a t  which time clots may have formed in the line. These clots 


every 30 min up to and including 6 I? r after dosing. In another such 


Whole blood samples were digested with Soluene (Packard Instrument 
Co.) and isopropanol in preweighed vials, bleached with hydrogen peroxide, 
and counted in acidified Instagel (Packard Instrument Co.). Correction for 
counting efficiency was made by external standard. 
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could often be withdrawn before injection of 0.2 ml heparinized sa- 
line. Occasionally they had to be reinjected into the animal with 
the saline. 


Preparation of Plasma or  Serum Samples-Whole blood 
samples collected in the described manner were nonhemolyzed. 
Plasma or serum could be obtained from each blood sample with- 
out transfer from the syringe in which it was collected. The syringe 
itself was centrifuged in an inverted position after provision was 
made to prevent depression of the plunger by centrifugal force. 
This was very simply achieved by slipping over the plunger a short 
piece of beverage tubing whose lumen diameter did not allow pas- 
sage of the body of the syringe. It was even more simply achieved 
with syringes of the plastic disposable type by shortening the 
plunger with a large pair of scissors. 


After centrifugation, hematocrit values could be conveniently 
obtained from the syringe scale before removal of each plasma 
sample. Plasma or serum was removed either by aspiration from 
the top or by depression of the plunger (reinsertion of the severed 
end of the plunger). 


Intravenous Injection-The cannula described also was used 
successfully as a site for intravenous injection, where the injection 
was followed by 0.2 ml of heparinized saline. This procedure did 
not influence blood samples later obtained from the same site. In- 
jection of liquids as viscous as dimethyl sulfoxide presented no dif- 
ficulty, and even pure glycerin could be injected (0.5 ml within 1 
min). 


DISCUSSION 


Cannula implantation techniques appear to have been largely 
avoided for pharmacokinetic studies in the rat, probably because 
of elaborate preparation, requisite surgical skill, or unreliability of 
repeated blood sampling associated with this approach. Because 
alternative techniques do not offer great control or facility for 
blood sampling, use of the rat as a pharmacokinetic subject has 
been more limited than its use elsewhere. 


The techniques described here are designed for pharmacokinetic 
studies and are based on the properties (3 ,4)  of a silicone polymer 
cannula rather than polyethylene, which has been used in almost 
all reported instances of implantation of blood-collecting cannulas 
in rats. The installation of the silicone cannula is simple and rapid, 
and its use is convenient and reliable. 


The advantages of a one-piece cannula are achieved by utilizing 
the greater softness and flexibility of silicone polymer tubing to 
fulfill both internal and external requirements. Laborious cannula 
manufacture is avoided, since the tubing is used virtually as sup- 
plied commercially. 


Exteriorization of the cannula by previously described circuitous 
and difficult routes and the provision of elaborate anchors for the 
cannula are bypassed since the cannula is sufficiently secured by 
the firmly tied sutures, which partially embed into the outer wall 
of the soft tubing. Furthermore, without the rigid curves present in 
previously described cannulas it is possible to rotate the tubing 
after it is placed subcutaneously, thereby facilitating i ts  insertion 
into the vein. Since exposition of the jugular vein and suture after 
insertion of the cannula are not complex tasks, the simplifications 


described in both inserting and exteriorizing the tubing render the 
surgical procedure sufficiently undemanding for untrained person- 
nel to perform. 


Use of a clip to regulate flow during frequent sampling is far 
more convenient and effective than use of plugs and is without the 
expense, unavailability, and dead volume problems of taps. These 
advantages, significant for pharmacokinetic work, could not have 
been realized with polyethylene tubing, which does not recover 
clamping. 


Failure of previous cannulas to allow repeated sampling has aris- 
en from three main areas: 


1. Tendency for removal by the subject or operator. Attempted 
removal of the silicone tubing by the subject has rarely been ob- 
served. Less discomfort was a probable consequence of its greater 
softness and flexibility and also of the direct route of exterioriza- 
tion. The elasticity of the tubing also allowed a certain degree of 
tension to be applied to the cannula without detrimental effects. 


2. Obstruction of the orifice by intravascular structures (u iz . ,  
vein wall) under negative pressure. This has not been a problem 
since use of the bevel design described. With the ability to rotate 
the tubing, even this more complex bevel could be inserted into the 
vein without difficulty. 


3. Blockage within the cannula. The use of a one-piece cannula 
has eliminated connecting sites with their tendency to  promote 
blockage and resist flow of viscous fluids. Furthermore, permanent 
surfaces in contact with blood were solely of silicone polymer, 
which has been reported to be free of the tendency to effect throm- 
bus formation. Blockage has not been a problem with frequently 
used cannulas nor with properly maintained, longer term cannulas. 


The sampling techniques described have been combined with 
urine collection procedures (5) and the technique of Light et al. (6) 
for bile collection in the unanesthetized rat. These combinations 
have enabled the establishment of statistically well-defined phar- 
macokinetic models for certain antifolate drugs, including a close 
investigation into the contribution made by enterohepatic cycling. 
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The world population explosion has pointed out 
the need for new and effective contraceptive agents 
andlor methods, having a minimum of side effects 
and giving a maximum protective effect. To date, the 
most effective and widely used contraceptives have 
been steroids, but these are not without side effects 
(112). 


Practically all major research to date involved with 
the search for new oral contraceptives has been of the 
synthetic type, particularly the preparation of steroid 
derivatives. Very little attention has been directed to 
the plant kingdom. There are those who continue to 
argue that plant products are of little importance as 
drugs. However, an analysis of some 1.05 billion new 
and refilled prescriptions dispensed from community 
pharmacies during 1967 showed that 25% contained 
one or more active principles derived from higher 
plants (3). Only three of the higher plant products 
(papaverine, ephedrine-pseudoephedrine, and caf- 
feine) are produced commercially by synthesis, the 
remainder still being produced by extraction from 
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plants. Practically every pharmacological category of 
drug has as its prototype a substance of natural ori- 
gin; thus it is not unreasonable to believe that the 
plant kingdom should yield an effective antifertility 
drug. 


The problem underlying the search for natural an- 
tifertility drugs basically concerns deciding which of 
the approximately 750,000 species of higher plants 
should be examined in an animal system for their po- 
tential antifertility effects. There appear to be only 
three paths to follow, i.e., (a) test plants that have 
folkloric reputation as having been used by primitive 
women as oral contraceptives, (b) test plants that are 
known to contain constituents that theoretically 
could affect the female cycle to produce antifertility 
effects (estrogenic sterols, . coumestrols, and isofla- 
vones) or that have a potential to contract the uterus, 
and (c) make a random collection-mass screening of 
all available plants for antifertility effects. The first 
two of these methods appear to be the most practical 
and realistic. 


The tables in this article list those plants that have 
a folkloric reputation as having been used as oral 
contraceptives or that have been tested for antifertil- 
ity effects in animals but may or may not have shown 
activity. We hope to point out that even though cer- 
tain plants have been tested in animals for antifertil- 
ity effects, the negative results presented may or may 
not be valid. Different species can vary in their re- 
sponse to different types of compounds. Further- 
more, the antifertility tests used have not always 
been designed to test for all types of antifertility ef- 
fects; that is, by using a too restricted dosing period 
(giving the extract only prior to mating or for only a 
few days after mating), for example, antifertility ef- 
fects produced by some mechanisms will be identi- 
fied but not those produced by others. 


Because of the importance of the selection of the 
proper biological test to detect antifertility effects in 
plant extracts, the various mechanisms whereby com- 
pounds can exert an antifertility effect in various 
common laboratory animal species will also be re- 
viewed. 


ANTIFERTILITY MECHANISMS IN LABORATORY 
ANIMALS 


Reproductive Cycles of Commonly Used Laboratory 
Species-There are a number of areas within the female mammal 
where substances having antifertility effects may exert their ac- 
tion(s); these areas are the hypothalamus, anterior pituitary, 
ovary, oviduct, uterus (including the endometrium, myometrium, 
and cervix), and vagina. A given compound may exert its antifertil- 
ity effects in more than one of these areas and not necessarily by 
the same pharmacological mechanism. Conversely, different com- 
pounds may act in the same area to inhibit fertility but in some 
cases by different mechanisms. 


Much information concerning the mechanisms by which chemi- 
cals may inhibit fertility has been obtained from studies carried 
out in commonly used laboratory species such as the rat, mouse, 
hamster, guinea pig, and rabbit. The reproductive cycles of these 
species differ among themselves as well as from those of the 
human and other primates. Such differences can explain, in part, 
the varying effects sometimes exhibited by a given antifertility 
substance when tested in different speeies; i.e., antifertility agents 
interrupt reproductive function a t  some point, and if endogenous 


control at this point varies among species, different results with a 
given compound are possible. Consequently, and also since an un- 
derstanding of antifertility mechanisms requires an understanding 
of reproductive function, a brief comparison of the latter in the 
commonly studied species will be made first. Additional compari- 
sons among species will be made where pertinent during discussion 
of specific antifertility mechanisms. 


Table I summarizes the major similarities and differences in the 
reproductive cycle function among the rat, mouse, hamster, guinea 
pig, and rabbit; the first four species are spontaneous ovulators, 
and the fifth is a coitus-induced ovulator. Schwartz (4) recently 
compared the ovulation-controlling systems in these two types of 
ovulators. In spontaneous ovulators, folliculotrophic hormone (fol- 
licle-stimulating hormone and luteinizing hormone) stimulates 
ovarian follicles to grow and secrete estrogen, the latter serving as 
a feedback signal to the hypothalamic-pituitary axis that  follicles 
have matured. The estrogen acts with an environmental facilitat- 
ing signal, e g., the time of day, to induce the ovulatory surge of lu- 
teinizing hormone. The latter also causes progesterone secretion 
which, in turn, acting on a background of estrogen, causes mating 
behavior. In induced ovulators, folliculotrophin also stimulates fol- 
licle growth and estrogen secretion. However, besides signaling the 
hypothalamic-pituitary axis that  follicles have become ovulable, 
the estrogen, centrally, also induces mating behavior and hypotha- 
lamic sensitivity to feedback from coital stimulation. The latter 
triggers the luteinizing hormone surge which, in turn, causes pro- 
gesterone secretion and ovulation. 


As can be seen in Table I, complex hormonal interrelationships 
are involved also in the induction and maintenance of pregnancy. 


Antifertility Mechanisms Classified by Anatomical Site In- 
volved-The disruption and/or desynchronization of integrated 
preovulatory and preimplantational events are the means by which 
many kinds of compounds can impair fertility. A discussion of the 
mechanisms involved follows. Antifertility mechanisms involving 
other stages (e.g.. postimplantational) of the reproductive cycle 
also will be considered. The mechanisms will be presented accord- 
ing to the site in the animal a t  which the antifertility action is ex- 
erted. 


H3?pothalamus-Pituitary-These two areas are considered to- 
gether for two reasons. First of all, functioning of the pituitary is 
under intimate control of the hypothalamus by means of hormone- 
specific releasing factors, e.g. ,  follicle-stimulating hormone and lu- 
teinizing hormone releasing factors (10). Secondly, the question as 
to whether certain substances might act on the hypothalamus and/ 
or on the pituitary has been controversial. While steroids, for ex- 
ample, may exert some effect directly on the pituitary (lo), evi- 
dence suggests that their major site of antifertility action is in the 
hypothalamus (8). Other drugs appear to act in the brain outside 
the hypothalamus; i.e., certain central nervous system (CNS) de- 
pressants and autonomic blocking agents apparently block neural 
pathways to the hypothalamus (8,10). 


Therefore, two  basic mechanisms can be considered: fa) disrup- 
tion of the normal humoral and hormonal functions of the hypo- 
thalamus and/or pituitary, respectively, by steroids, by nonster- 
oidal agents ( e . g . ,  methallibure’) having antigonadotrophic activi- 
ty, and by steroid antagonists (8); and (b) disruption of neural 
input to the hypothalamus, e g . ,  from the environment (10) and 
from the postulated “clock” that controls the release of gonadotro- 
phin-releasing factor(s) in spontaneous ovulators (8). 


With respect to (a), antigonadotrophic activity of estrogenic ste- 
roids can be demonstrated, for example, by their ability to block 
compensatory hypertrophy of the remaining ovary in unilaterally 
ovariectomized rats (1 1);  in women, decreased follicle-stimulating 
hormone excretion can be measured during usage of contraceptive 
doses of estrogens (12). Progestagens in women (11, 12) and pre- 
sumably also in laboratory animals (13) are able to inhibit the ovu- 
latory surge of luteinizing hormone. 


Demonstrating both ovulation-inhibiting and antifertility ef- 
fects of estrogens and progestagens in laboratory animals could 
present a problem, however, since spontaneous ovulators may be- 
come coitus-induced ovulators under certain circumstances (4). 
The occurrence of such a phenomenon could explain the less than 


~~ 


1 -1r-Methylallylthiocarbamoyl-2-methylthiocarbamoylhydrazine (ICI 
:3:1.8“8). 
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100% inhibition of ovulation produced by a norethynodrel-mestra- 
no1 combination in rats (14). Nevertheless, the achievement of sat- 
isfactory contraception in women, in the absence of consistent in- 
hibition of ovulation by contraceptive steroids (12), implies that 
additional antifertility mechanisms may be at work. The latter 
possibility is of special significance since it has been suggested that 
external stimuli may also be able to induce women to ovulate (8). 


Nonsteroidal antigonadotrophic agents and steroid antagonists 
may present even further difficulties with respect t o  the demon- 
stration of ovulation-inhibiting and antifertility (before fertiliza- 
tion) effects. As shown in Table I, estrogen and progesterone are 
necessary for normal mating behavior in the spontaneous ovula- 
tors, while estrogen is necessary for such behavior in coitus-in- 
duced ovulators such as the rabbit. Compounds given chronically 
to inhibit gonadotrophin secretion directly would indirectly inhibit 
ovarian secretion; if such compounds themselves had no estrogenic 
and/or progestagenic activity, animals treated with them possibly 
might not mate. Furthermore, estrogen antagonists such as 1- 
(p-diethylaminoethoxypheny1)-1 -phenyl-2-p- methoxyphenyletha- 
noI2 and trans-l-(p-a-dimethylaminoethoxyphenyl)-1,2-diphen- 
ylbut-1-ene3, which apparently block the estrogen feedback on the 
hypothalamus that is necessary for the ovulatory surge of luteiniz- 
ing hormone, also can block mating behavior, a t  least in the rat 
(15, 16). 


With respect to (bj ,  since the hypothalamus is subject to neural 
input from other areas of the brain, substances having CNS de- 
pressant activity and/or effects on neurohumoral transmission 
could be expected to alter gonadotrophin secretion. Pentobarbital, 
morphine, and atropine have been shown to block the ovulatory 
surge of luteinizing hormone in laboratory animals, apparently by 
elevating an arousal threshold in the midbrain reticular formation 
(17). Tranquilizers such as reserpine and chlorpromazine, anes- 
thetics such as ether (diethyl) and halothane, and adrenergic (as 
well as cholinergic) blocking agents also have been shown to exert 
inhibitory effects (directly or indirectly) on the hypothalamus (8, 
10, 18,19). The antifertility usefulness of drugs having such effects 
is questionable, partly because of their other pharmacological ef- 
fects but also because i t  has been shown that rats, a t  least, have 
sometimes become coitus-induced ovulators following blockade of 
their gonadotrophin surge by pentobarbital or chlorpromazine (4). 


I t  is apparent from Table I that interference with gonadotrophin 
secretion may have postovulatory antifertility effects. The secre- 
tion of estrogen and/or progesterone needed for implantation in 
some species is under pituitary control. Luteal function also re- 
mains directly under pituitary control for half the length of preg- 
nancy in the rat and mouse and for the entire duration of pregnan- 
cy in the hamster; it remains indirectly under pituitary control 
throughout pregnancy in the rabbit since estrogen is the ultimate 
luteotrophin in this species (5). 


In contrast, in the guinea pig, the pituitary is unnecessary after 
the 3rd day of pregnancy (5); and hypophysectomized women, 
caused to ovulate by the sequential administration of follicle-stim- 
dating hormone and human chorionic gonadotrophin, have be- 
come pregnant without further gonadotrophin replacement thera- 
py (20). I t  is not surprising, therefore, that ergocornine, which has 
been shown to inhibit prolactin secretion in rats (211, has also been 
shown to inhibit progesterone secretion in pseudopregnant rats 
(22) and to interrupt pregnancy in rats (23), the latter two effects 
presumably mediated by the former. Ergocornine did not interrupt 
pregnancy in rabbits (12) or guinea pigs (13) nor interfere with lu- 
teal function in nonpregnant women (24). 


Ovary-Substances having antifertility properties may exert 
their effects a t  the ovarian level by inhibiting ovulation and/or ste- 
roidogenesis. Although the actual intraovarian mechanisms caus- 
ing ovulation are still unclear, it appears that protein synthesis 
may be involved; actinomycin D, which inhibits DNA-dependent 
RNA synthesis, has been shown to block pregnant mare serum go- 
nadotrophin- and human chorionic gonadotrophin-induced ovula- 
tion in hamsters (25). 


Although the mechanism(s) involved have not been elucidated, 
the results of work by other investigators suggest that  phenoxy- 
benzamine (26), an a-adrenergic blocking drug, and CNS depres- 


MER-25. etharnoxytriphetol. 
ICI 46,474. 
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sant drugs, particularly reserpine (S), may inhibit spontaneous and 
pregnant mare serum gonadotrophin-human chorionic gonadotro- 
phin-induced ovulation, respectively, by acting directly on the 
ovary. Experimental evidence suggests that contraceptive steroids 
also may act directly on the ovary to inhibit ovulation and/or some 
aspect of steroidogenesis (12). 


Steroidogenesis, itself, may be involved in the process of ovula- 
tion. 2~-Cyano-4,4,17a-trimethylandrost-5-en-l7~-ol-3-one (cy- 
anoketone), a compound that inhibits the conversion of A5-preg- 
nenolone to progesterone, of 1701-hydroxypregnenolone to 17a- 
hydroxyprogesterone, and of dehydroepiandrosterone to A4-andro- 
stenedione, has been shown to inhibit ovulation, possibly by inter- 
fering with steroidogenesis in the ovary (27). 


As can be deduced from Table I, steroidogenesis is important for 
the induction and/or maintenance of pregnancy. The specific re- 
quirements vary among species, however; in the hamster and guin- 
ea pig, estrogen actually is luteolytic. The steroidogenic function of 
the ovaries is taken over by the placenta or the fetoplacental unit 
in the guinea pig by Day 20 of pregnancy (5), in the monkey by 
Day 25 (201, and in the human by Day 41 (28). Drugs having a di- 
rect inhibitory effect on ovarian steroidogenesis, particularly on lu- 
teal function, have the potential for interrupting pregnancy in the 
latter three organisms if given early enough and in the rat, mouse, 
hamster, and rabbit if given a t  any time during pregnancy. De- 
pending on the species considered, estrogens and prostaglandins 
are two such classes of compounds. 


As already indicated, estrogen is luteolytic in the hamster and 
guinea pig (Table I). In the monkey, estrogen administration early 
in the luteal phase has been shown to decrease progesterone secre- 
tion and to hasten the onset of menstruation (20); similar effects 
have been produced by estrogens in women (20, 29). The lowering 
of postovulatory plasma progesterone levels may be a t  least one 
mechanism by which postcoitally administered high dose estrogen 
exerts its antifertility effect in women (29). In contrast, in species 
such as the rabbit and rat in which estrogen is needed for normal 
luteal function, estrogen antagonists such as trans-l-(p-a-di- 
methylaminoethoxypheny1)- 1,2-diphenylbut-l -ene are likely to in- 
terfere with luteal function (30). 


Prostaglandins can interrupt pregnancy in many species, but the 
mechanisms of action are still unclear (31); in some cases, the ac- 
tions are at site(s) other than in the ovary (uide infra). Adminis- 
tration of PGF2,, has been shown to shorten the lifespan of the cor- 
pus luteum and/or to decrease the ovarian secretion of progester- 
one in the rat, hamster, guinea pig, rabbit, mouse, and sheep (32); 
in the primate, however, effects of prostaglandins on corpus lu- 
teum function have been inconsistent (31). Even in the rat (31) 
and rabbit (33), susceptibility of the corpora lutea to the luteolytic 
effects of PGF;!,, varies with the stage of pregnancy. 


All species in which prostaglandins have been shown to be luteo- 
lytic are those in which the uterus influences the lifespan of the 
corpus luteum. The uterus in these species apparently secretes a 
luteolytic factor which is believed to be a prostaglandin(s) (31). In 
the guinea pig, hamster, and rat, a t  least, the endogenous luteolytic 
effect has been shown to be produced locally (5). 


Ouiduct-Since normal implantation depends on the correct 
timing of the arrival of the blastocyst in the uterus, disturbances of 
tubal transport may be accompanied by failure of implantation 
(8). Substances having the ability to alter oviductal motility may 
thereby be able to inhibit fertility. However, although ovarian hor- 
mones have been shown to influence the motility of the human ov- 
iduct in uitro, what effect, if any, contraceptive steroids may have 
on the latter in the in uiuo situation is unknown (12). It is possible, 
however, that  postcoitally administered, high dose estrogen may 
act in part by this means in the human (29, 34). The effects of 
some other substances on the human oviduct in uiuo have been 
studied. For example, PGE;! has been shown to inhibit tubal motil- 
ity whereas PGFz,,, at the same dose, has been shown to stimulate 
it (35). 


The oviducts of rats, rabbits, and humans possess a rich sympa- 
thetic innervation, especially in the region of the isthmus, main- 
taining the tone of the isthmic sphincter and causing retention of 
fertilized ova in the oviducts. Administration of autonomic drugs, 
at least to these species, can influence the rate of ovum transport, 
although their ability to do so may be modified by estrogens and 
progesterone (25). 


It has long been thought that  luteal progestagen regulates the 







relatively slow rate of passage of preimplantation ova through the 
oviducts (36) and that the smooth muscle of the reproductive tract 
exhibits maximal contractility only under the influence of estro- 
gens (37). Recent evidence, however, suggests that  smooth muscle 
(at  least of the rabbit oviduct) is minimally active in the presence 
of physiological concentrations of estrogens; that  its activity in- 
creases as estrogen content decreases; and that, when i t  is subject 
to the influence of estrogen, it will become increasingly active if 
progestagens are introduced (37). Megestrol acetate, a progestagen 
without estrogenic effects (38), has been shown to accelerate ova 
transport in the rabbit, which mechanism might contribute in part 
to its antifertility effect in that  species (39). Nevertheless, since 
both estrogens and antiestrogens have been shown to alter ova 
transport and simultaneously to impair fertility, it would appear 
that  a critical balance of estrogen and progesterone may be neces- 
sary for normal postovulatory events to occur (8). However, addi- 
tional postovulatory antifertility mechanisms (uide infra) may also 
be playing a role in a t  least some cases; this possibility should not 
be ruled out. 


Exogenous estrogen administered to many species during early 
pregnancy results in rapid passage of ova through the oviducts and 
expulsion of the ova from the uterus (36). However, a t  certain dos- 
ages (36) and/or when given at very specific times (40). estrogen al- 
ternatively may cause the retention of ova in the oviducts. For ex- 
ample, treatment of mice with 1.6 f ig  of estradiol on Day 1 of preg- 
nancy, when the ova were still in the ampulla of the oviduct, re- 
sulted in retention of the ova in the oviduct (largely in the ampul- 
la) until Day 4, presumably due to prolonged closure of the am- 
pulla-isthmus junction. In contrast, treatment with 0.4 fig on Day 
2, when the ova already were in the isthmus of the oviduct, re- 
sulted in premature entry of the ova into the uterus and a decrease 
in the recovery of ova by 50% (40). 


A number of compounds having estrogenic activity (vide infra) 
and representing several different chemical classes have been 
shown to accelerate ova transport, e.g., two nitriles, 2,3-bis(4-hy- 
droxyphenyl)valeronitrile4 and 2,3-bis(4-methoxyphenyl)pent-2- 
enenitrile5, in rats (41); dienestrol [4,4’-(diethylideneethylene)di- 
phenol] in rats (42); and nafoxidine6 [1-[2-b-(3,4-dihydro-6-me- 
thoxy-2-phenyl-l-naphthyl)phenoxy]ethyl]pyrrolidine] in mice (8, 
43). 


That accelerated transport of ova results in decreased fertility 
is, of course, partly due simply to the expulsion of the fertilized 
ova from the reproductive tract (36). However, i t  has been shown 
(34) that fertilized ova degenerate when transplanted into the 
uterus too early; an inability of the ova to survive in the uterus ap- 
parently contributes to  the impaired fertility observed following 
accelerated ova transport from the oviducts. The decreased fertili- 
ty, however, is thought to be due to the uterine environment and 
not to the rapid transport per se (8). 


Nafoxidine also has been referred to as an antiestrogen (vide 
infra) , as has a structurally related compound, l-[2-[p-(3-hydro- 
5-methoxy-2-phenylindyl)phenoxy]ethyl]diethylamine7 (44). It is 
to the antiestrogenic property of these compounds and to that of 
erythro-ethyl-cu’-methyl-4,4’-dihydroxybibenzyl that the investi- 
gators attribute their findings that these three compounds can 
cause tube locking of ova in mice. 


Tube locking of ova, of course, obviously impairs fertility by pre- 
venting the fertilized ova from getting to the uterus, the normal 
site for implantation. The fertility of tube-locked ova per  se may 
not be impaired, however, as suggested by observations made in 
one study in the mouse (40). Although tubal retention of ova, in- 
duced by estradiol, was associated with delayed development of 
the blastocele, the ova implanted normally following transfer to 
vehicle-treated recipients. 


That the antifertility activity of a compound such as nafoxidine 
has been attributed to estrogenicity of the compound in some 
studies ( 8 )  and to its antiestrogenic activity in others (44) may 
seem confusing a t  first, but it has been difficult to determine 
whether many compounds have antifertility activity by virtue of 
their being estrogenic, their being antiestrogenic, or their having 
some other property (8). Certain compounds, in fact, are antiestro- 


genic a t  lower doses and estrogenic a t  higher doses. Furthermore, 
some evidence (45) suggests that  there may be species differences, 
a t  least between the rat and the hamster, with respect to whether a 
given compound exerts antifertility activity, estrogenic activity, 
and/or antiestrogenic activity, differences not entirely explicable 
by differences in hormonal requirements between the two species 
(Table I). 


The estrogenicity of a compound is defined most specifically as 
the latter’s ability to produce vaginal cornification (keratinization) 
in ovariectomized rats or mice (the Allen-Doisy test) (11); andro- 
gens and progestagens may produce vaginal mucification, but they 
are incapable of producing keratinization (46). Alternatively, in- 
vestigators may employ a uterotrophic bioassay in immature and/ 
or ovariectomized rats or mice to determine estrogenicity. This 
test is less specific, however, since a small degree of uterine growth 
can be produced by androgens and progestagens (11). The latter 
test does have the advantage that a dose-response curve for a 
given compound can be obtained more objectively (47). 


Antiestrogenicity similarly may be defined as the ability of a 
compound to inhibit the effects of standard estrogens such as es- 
trone ( l l ) ,  estriol ( l l ) ,  and estradiol (48) when the test compound 
is administered with the known estrogen in one and/or both of the 
tests for estrogenicity. Androgens and progestagens may show an- 
tiestrogenic activity in these tests (11); the weak plant estrogens, 
coumestrol and genistein, also have been shown to have inhibitory 
effects in such tests (49). Antiestrogenicity in an antifertility test 
could be manifested by the blocking of a step in the reproductive 
cycle that requires estrogen (Table I). 


Uterus-Antifertility agents that prevent ovulation and/or fer- 
tilization commonly are referred to as contraceptive agents, where- 
as those that act after implantation has taken place usually are 
called abortifacients. The term interceptive has been used by some 
workers (50) to refer to compounds that act after the occurrence of 
fertilization but prevent implantation from taking place. By this 
definition, then, compounds interfering with the secretion of the 
proper amounts of steroids needed during this time period, wheth- 
er acting directly on the ovaries or indirectly by inhibiting gonado- 
trophin or prolactin secretion, can be referred to as interceptives, 
although their earlier or later administration might render some of 
them contraceptive or abortifacient, respectively. Drugs altering 
ova transport (uide supra) also can be considered interceptives, as 
ran those that destroy the fertilized ova or blastocysts and those 
that act on the trophoblast or uterus to prevent implantation. 


Experimental designs may not always be sufficient to distin- 
guish among these specific mechanisms for given compounds. It is 
quite possible, furthermore, that  agents exhibiting antifertility ef- 
fects when given to experimental animals during the first several 
days postcoitum may actually be acting in more than one of these 
ways. Experiments in which the test compound is administered 
from Days 1 to 7 of pregnancy and in which only the number of im- 
plantation sites and/or litter size is determined do not elucidate 
which interceptive mechanisms might be involved and/or if indeed 
an early abortifacient action might be involved (51, 52). With addi- 
tional techniques and/or more restricted dosing periods, one or 
more of these effects can be identified. 


Although blastocyst transfer experiments (8, 53) seem to have 
ruled out a direct zygotoxic effect as a possible mechanism by 
which a number of compounds inhibiting implantation may act, 
observations made in a few other studies suggest the contrary. De- 
generating morulae, for example, have been found in rats treated 
with medroxyprogesterone acetates on Day 1 of pregnancy fol- 
lowed by estrone on Day 3 (54). and degenerating blastocysts have 
been found in mice treated with ethinyl estradiol on Day 1 of preg- 
nancy (55); tubal transport appeared to be altered in the latter 
study as well. Inhibited growth of blastocysts, as indicated by com- 
puted blastocyst volume, together with accelerated ova transport 
has been demonstrated in rabbits administered the progestagen, 
chlormadinone acetate, for 3 days preceding the occurrence of in- 
duced ovulation (56). A mixed copolymer of phenylmethylcyclosil- 
oxane that was administered to rabbits on Days 4 and 5 of preg- 
nancy subsequently was found to have been taken up by the &day- 
old trophoblasts, resulting in degenerative changes in the tropho- 
blasts (57); there was no effect on the embryonic cells. Implanta- 
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tion did not occur; neither did changes in the uterine cells that  
normally accompany implantation. 


That implantation per se can be inhibited has been shown in a 
number of studies. Neuraminidase in the mouse was most effective 
when given on Days 4 and 6 or 5 and 7 of pregnancy, times a t  
which ova had begun implanting or had just implanted in the con- 
trols (58). The results suggested that the compound might have in- 
terfered with the development of already implanted ova as well as 
with the implantation of ova. N-(2-Chloro-l-naphthylidene)-3- 
amino-2,6-lutidene was more effective in preventing implantation 
in rats when given on Days 3-5 of pregnancy (59), while the ef- 
fectiveness of 5-[l(cu,cu,n-trifluoro-m- tolyl)oxy]methyl]-2-oxazolin- 
dinethioneg in rats required that its administration be continued 
beyond Day 3 of pregnancy or be begun before Day 7 (60). 


Observations reported in two studies (61, 62) suggest a centrally 
mediated anti-implantational effect for D-6-methyl-8-cyanometh- 
ylergolinel”, a compound structurally related to the naturally oc- 
curring alkaloid agroclavine, which has been reported to inhibit 
implantation in mice and rats (63). D-6-Methyl-8-cyanomethyl- 
ergoline was effective in rats when given orally up to Day 7 of preg- 
nancy (61). In mice, there was failure of implantation as well as 
failure of occurrence of the progesterone-influenced uterine cellu- 
lar changes characteristic of Day 4 of pregnancy when D-6-methyl- 
8-cyanomethylergoline was given on the first 2 or 3 days of preg- 
nancy hut not when given only on Day 1 (62). Treatment on Days 6 
and 7 resulted in resorption of fetuses in some mice by Day 9, 
whereas treatment beginning on Day 7 had no effect. D-&Methyl- 
8-cyanomethylergoline probably acts by suppressing prolactin re- 
lease oia stimulation of prolactin-inhibiting factor release from the 
hypothalamus (61); prolactin from the pituitary apparently is nec- 
essary until Day 7 of pregnancy, a t  which time the placenta begins 
secreting a luteotrophic substance for corpora lutea maintenance 
(62). 


It has already been pointed out (uide supra) that  a certain hor- 
monal balance in the internal milieu of the reproductive tract ap- 
pears to be important for postovulatory events t o  occur normally. 
However, although estrogen is necessary during early pregnancy in 
some species (Table I), it is not necessary for implantation in the 
rabbit, guinea pig, and hamster; furthermore, the requirements are 
not known for the larger domestic animals or for the primates (8), 
including the human (12). Nevertheless, it appears possible that 
nonphysiological treatment of the endometrium with hormones 
may impair fertility in the human. 


Klopper (641, for example, pointed out that  some progestagens, 
such as those found in oral contraceptives, produce an asynchron- 
ism between the development of the endometrial stroma and that 
of the endometrial glands. He suggested that an endometrium so 
treated might resist implantation. On an acute treatment basis, it 
has been suggested (60) that  an excess amount of estrogen present 
shortly after ovulation (in mammals) might prematurely sensitize 
the uterus so that the latter would be in a refractory state a t  the 
time of arrival of the blastocyst. 


On the other hand, it has been suggested (65) that, by virtue of 
their antiestrogenic properties, compounds such as trans-1-(p-a- 
dimethylaminoethoxyphenyl)-1,2-diphenylbut-l-ene, 1-[2-10-(3- 
hydro-5-methoxy-2-phenylindyl~phenoxy]ethyl]diethylamine, naf- 
oxidine, and clomiphene prevent implantation, a t  least in the rat, 
by counteracting the estrogen needed for implantation; this estro- 
gen is thought to be secreted on Day 4 of pregnancy. trans-l-(p-cy- 
Dimethylaminoethoxyphenyl)-1,2-diphenylbut-1-ene appeared to 
be maximally effective when given on Day 4 and inactive when 
given on Day 5. Estriol, a so-called “impeding” estrogen, inhibited 
pregnancy completely when administered at a dose of 12.5 pg for 
the first 4 days of pregnancy but not when administered for only 
the first 3 days (66). Its presumably anti-implantational effect was 
inhibited when 0.05 pg of estradiol was administered on Day 4 to- 
gether with the estriol (67). 


Certain substances instilled locally into the uterus can impair 
fertility by affecting the endometrium in such a way that obstruc- 
tion of the lumen occurs. Intrauterine instillation of a suspension 
of quinacrine in the rat, for example, induced a giant cell foreign 
body reaction in the endometrium and a consequent obstruction of 
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the lumen, resulting in infertility for several months (68). Quina- 
crine instillation into the oviducts has been used as a nonsurgical 
means of inducing sterility in women (69). 


Some compounds have postimplantational antifertility effects in 
nonprimate mammals but apparently not in the primate (70, 71). 
Demecolcine, for example, produced fetal death in rabbits and rats 
by means of a direct effect on the fetus; the placentae and implan- 
tation sites were not damaged. This compound had no effect on 
pregnancy in the macaque monkey. Clomiphene also was effective 
postimplantationally in the rabbit but again not in the macaque 
monkey. This drug, in contrast to demecolcine, affected the im- 
plantation site but exerted no effect on the fetus. 


An abortifacient type of antifertility effect can be produced by 
compounds that stimulate uterine contractility. Sulman (72) sug- 
gested the latter as being the ultimate means by which monoamine 
oxidase inhibitors might induce abortion when injected into the 
human amnion. He reasoned that an inhibition of the amniotic 
monoamine oxidase enzyme system would result in serotonin’s not 
being metabolized to 5-hydroxyindolylacetic acid. Therefore, sero- 
tonin would accumulate in the uterus and promote uterine con- 
tractility and eventually abortion. Monoamine oxidase inhibitors 
have been reported to  interrupt pregnancy in several species, and 
intrauterine instillation of pargyline hydrochloride has been used 
successfully to induce abortion in the human (12). 


The hormone, oxytocin, can be used close to term to induce 
labor but is ineffective as an abortifacient agent if used earlier in 
pregnancy (73). Prostaglandins, however, are now widely being 
used for the latter purpose. Observations made in humans (74), 
rabbits (74), and rats (75) suggest the following as the means by 
which prostaglandins induce abortion. 


Prostaglandins appear to promote myometrial contractility 
which, in turn, generates internal shortening and stretch of the 
myometrial wall. As a result, cyclic intrauterine pressure is pro- 
moted which, together with vasoconstriction contracture, reduces 
uterine blood flow. The degree of this effect apparently is suffi- 
cient to compromise the endocrine function of the fetoplacental 
unit; as a result, estradiol and progesterone levels in the blood de- 
crease. Following steroid withdrawal, the uterus, relieved from 
suppression, becomes converted into a spontaneously active, phar- 
macologically reactive organ, such as is normally seen only near 
term. The endogenous stimulatory mechanism a t  this time may be 
sufficient to complete the abortion; if not, additional prostaglan- 
din or oxytocin may be used. 


This hypothesis is supported indirectly by the results of another 
study (76). Three of nine women less than 4 weeks pregnant abort- 
ed completely following intravaginal administration of PGF?,. 
Only these three showed a significant fall in serum human chorion- 
ic gonadotrophin level, which was followed by a decrease in serum 
steroid level. Unfortunately, no measurements of uterine contrac- 
tility were made. 


Antifertility activity exerted at  the level of the cervix (the neck 
of the uterus) or a t  the level of the vagina (vide infra) once more 
involves a discussion of prefertilization events. For example, the 
production of a cervical mucus that is “hostile” to sperm penetra- 
tion is thought to be the major mechanism by which low dose pro- 
gestagen-only contraceptives exert their antifertility effect in the 
human (77); it also has been suggested that progestagens in the 
human may inhibit further transport of the sperm that are able to 
reach the uterus (8). Testing for such activity in laboratory species, 
however, presents some difficulty. In the rat, mouse, hamster, and 
guinea pig, sperm are deposited in the uterine horns immediately 
after copulation (78). The rabbit, however, may be used as a model 
for investigating substances for contraceptive activity based on in- 
hibition of sperm transport through the cervix; in this species, the 
ejaculate is deposited merely deeply within the vagina. One study 
did indeed show that relatively few sperm reached the anterior 
uterus and oviduct in rabbits pretreated for 7 days with progester- 
one, as compared with the number of sperm reaching these sites in 
the oil-treated controls (79). 


Vagina-spermicidal preparations, of course, are available for 
local application within the vagina. Their mechanisms of action 
are not well understood, and the effectiveness of many is poor (80). 
The five preparations that appear to have the highest rate of use 
effectiveness all contain polyethoxy derivatives, and four of the 
five contain compounds derived from phenoxypolyethoxyethanol. 
The results of recent experiments suggest that  the effectiveness of 







vaginal contraceptives might be able to be improved by means of 
the incorporation of an acrosin inhibitor into the preparation. 


Acrosin is a proteolytic enzyme extractable from sperm acro- 
somes and is essential for penetration of the zona pellucida of the 
ovum by the spermatozooh during the process of fertilization (81). 
This trypsin-like protease has been found in sperm from a number 
of species: dog, rabbit, ram, bull, monkey, man, rooster (821, boar, 
stallion, guinea pig, hamster, and rat (83). Ejaculated sperm tend 
to have lower acrosin activity than do epididymal sperm, appar- 
ently due to adsorption by the sperm of an inhibitor substance 
present in the seminal plasma (83). This natural inhibitor is re- 
moved from the sperm during their residence in the female repro- 
ductive tract (84). Other substances that inhibit human and boar 
acrosin include trypsin-plasmin inhibitor bdellin B-3 from leeches, 
trypsin inhibitor and trypsin-plasmin inhibitor from guinea pig 
seminal vesicles, and the pancreatic trypsin inhibitors of pig, 
sheep, and dog (85). Human acrosin also is inhibited by soybean 
trypsin inhibitor and l-chloro-3-tosylamido-7-amino-2-heptanone 
(86), a synthetic proteinase inhibitor that forms an irreversible 
complex with acrosin (84). Rabbit acrosin is inhibited by lima bean 
trypsin inhibitor, ovomucoid (87), diisopropylfluorophosphate, 1- 
chloro-3-tosylamido-7-amino-2-heptanone, and soybean trypsin 
inhibitor (81). 


Of greater significance is that a number of these acrosin inhibi- 
tors have been shown to inhibit fertilization. Crystalline ovomu- 
coid and soybean trypsin inhibitors inhibited the in uitro fertiliza- 
tion of rabbit ova by capacitated rabbit sperm (87), capacitation 
being defined as the physiological and biochemical change that al- 
lows for penetration and fertilization of ova (88). I n  uiuo fertiliza- 
tion of rabbit ova was inhibited by rabbit seminal plasma trypsin 
inhibitor and pancreatic trypsin inhibitor, following placement 
into rabbits’ oviducts of capacitated sperm treated with one of 
these inhibitors (89). In  uiuo fertilization of hen ova also was de- 
creased in birds inseminated with rooster sperm that had been in- 
cubated with l-chloro-3-tosylamido-7-amino-2-heptanone (82). In- 
hibition of fertilization following intravaginal deposition of syn- 
thetic trypsin inhibitors also has been reported (81). 


This discussion has been an attempt to outline the mechanisms 
by which compounds having antifertility properties may exert 
their effects; it has been noted that different effects may be seen in 
different species. Only a small number of compounds showing an- 
tifertility effects have been indicated. Additional examples (pre- 
dominantly synthetic compounds) can be found in Refs. 8, 10-12, 
17,34,36-38,44-50,59-61,64,65,68,70,71, and 80. 


CONTRACEPTIVE AND INTERCEPTIVE PLANTS 


The review of the literature in this and subsequent sections has 
included plants having folkloric reputations as well as those ex- 
tracts shown to be active in animals or humans as antifertility 
agents, abortifacients, uterine stimulants, estrogenic agents, or cy- 
totoxic agents (as applied only to antifertility effects). The search 
of the literature extends through 1973. Sources of references in- 
cluded Chemical Abstracts, Biological Abstracts, Index Medicus, 
and Pharrnacognosy Titles. 


Folkloric references can be obtained by an intensive study of an- 
cient herbals and/or books on medical botany or by referral to re- 
view articles for which others have supposedly gleaned the older 
literature. Most folkloric references were obtained from the latter 
source, since a rather substantial number of articles and books 
have been acquired on medicinal folklore. No literature search of 
the medicinal folklore can ever be considered as complete, but we 
have done the best possible with available resources. Many refer- 
ences to books and articles on medicinal folklore could not be ob- 
tained by library personnel, even after exhaustive source searches. 
Such articles may or may not have contained information perti- 
nent to the current effort. 


In this section, we shall refer only to plants that  have a folkloric 
reputation as preventing conception or that  have been tested in 
animals or humans for the ability to prevent conception. Concep- 
tion is being defined here as the successful implantation of a blas- 
tocyst in the uterine lining. Plants owing their activity to an estro- 
genic effect will be considered later in this review. Abortifacients 
and cytotoxic agents will not be considered in this section, since 
they do not prevent conception. 


The most helpful references to plants alleged to have contracep- 


tive (and/or interceptive) properties were the reviews of de Laszlo 
and Henshaw (go), Malhi and Trivedi (91), and Brondegaard (92). 
Many articles were encountered in which the titles implied that 
contraceptive plants were to be considered; however, the major 
thrust of such articles was an enumeration of folkloric abortifa- 
cient and/or emmenagogue plants. These will be considered in a 
subsequent section. 


A total of 225 species of plants was found to be used as folkloric 
contraceptives and/or interceptives. These plants are classified 
into 181 genera and 76 plant families. The names of these plants, 
together with other pertinent data, are presented in Table 11. 


Another source of information on contraceptive and/or intercep- 
tive plants was a compilation of papers from the current literature 
in which, for one reason or another, certain plants were screened 
for their antifertility effects in laboratory animals. The names of 
these plants, together with other data such as the plant part used, 
the type of solvent used for preparing the extract to be tested, the 
test animal, and comments relative to the results, are presented in 
Table 111. There are 145 species of plants tabulated in Table 111, 
and these are classified into 132 genera and 57 families. 


Active Contraceptive Agents-Only a few purified active an- 
tifertility principles from higher plants have been isolated. A brief 
summary will be made concerning each of these principles. 


m-Xylohydroquinone-In his review of studies leading up to 
the isolation of rn-xylohydroquinone (I), Sanyal (174) indicated 
that a study involving the vitamin contents of different cereals in 
India had led to the observation that male and female rats fed on a 
restricted diet consisting entirely of “matar” or peas (Pisurn sati- 
uurn) did not produce offspring. Sanyal (143) also cited a study in 
which litter production in mice was decreased when the animals 
were fed P. satiuurn a t  a level of 20% in the diet; litter production 
was completely abolished when the level was raised to 30%. He 
noted that the population of Tibet had remained stationary for the 
previous 200 years and, coincidentally, that  the staple diet of the 
Tibetians consisted of barley and peas. 


OH 


OH 


The active principle of peas was finally isolated from pea oil and 
characterized as I (174). The compound produced fetal resorption 
in pregnant rats when given during the first 8 or 10 days of preg- 
nancy but had no effect when given later. Further observations in 
rats suggested that I might be acting as a vitamin E antagonist. 


Sanyal (174) cited a clinical trial of 1. The pregnancy rate in In- 
dian women was reduced by about one-half in those receiving this 
compound as compared with those receiving a placebo. Compound 
I appeared to be nontoxic in women treated twice monthly with 
150-300- (147) or 300-350- (146) mg doses. 


Price (175), without citing references, more recently reported 
that later workers had not been able to substantiate the earlier 
claims for the antifertility effects of I. 


Lithospermic Acid-One of the most intriguing of the antifertil- 
ity plants is Lithosperrnurn ruderale. I t  was first used hy the Na- 
vajo Indians as a contraceptive, as reported in 1941 (97). This 
plant is an herb indigenous to some of the Rocky Mountain states 
and is commonly known as “stoneweed.” In 1945, Cranston (176) 
reported that when this plant was fed to adult female mice with 
previously regular estrous cycles, the mice developed prolonged 
periods of diestrus. This finding was confirmed later (177, 178). In 
1949, Cranston and Rohinson (179) demonstrated that extracts of 
L. ruderale decreased the gonadotrophic activity of the pituitary 
glands of adult female mice without producing irreversible or his- 
tological damage to the pituitary. In 1952, Kleber and Gisvold 
(180) confirmed that anestrus was produced in mice fed L. rudkr- 
ale, but a phytochemical study failed to yield active principles. 


Plunkett et  al. (181) and Plunkett and Noble (182) studied the 
effects of Lithosperrnurn extracts on rats and demonstrated that: 
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Table 11-Folkloric Antifertility Plants 


Plant Name Part“ Method of Use Country Reference 


Aizoaceae 


Amaranthaceae 


Amaryllidaceae 


Anacardiaceae 


Triantherna pentandrab 
Triantherna portulacastrurnb 


Achyranthes aspera* 
Arnaranthus spinosusb 


Stenornesson variegaturn 


Rhus trilobata 
Semecarpus anacardiurn 


Semecarpus stellata 


Annona squamosab 


Apocynum androsaemifoliurn 


Cerbera manghasb 
Nerium indicumb 
Rauvolfia serpentinab 
Thevetia peruvianab 


Acorus calarnus 


Annonaceae 


Apocynaceae 


Araceae 


Anthurium tessrnannii 


Arisaerna atrorubens 


Arisaema triphyllurn 


Caladium seguinium 


Dieffenbachia seguine 


Philodendron dyscarpium 


Urospatha antisylleptica 


Hedera helix 
Araliaceae 


Aristolochiaceae 
Aristolochia clematitis 
Aristolochia indicab 
Asarurn canadense 


Asclepiadaceae 
Asclepias hallii 
Asclepias syriaca 


Calotropis giganteab 
Calotropis procera 
Marsdenia tenacissirna 


Basellaceae 
Basella alba 


Berberidaceae 
Berberis aristata 
Epirnedium alpinum 


Podophyllurn hexandrumb 


Betula bhojpattra 


Dolichandrone jalcatab 


Cordia dichotorna 


Betulaceae 


Bignoniaceae 


Boraginaceae 


- 
- 


- 
- 


- 


LF 
RT 


RT 


- 


RT 
- 
- 
- 
- 


RT 


IF 


RZ 


RT 


PL 


LF, ST 


IF 


SP 


FR 


FL 


SD 


RT, RZ 
- 


PL 
RT, RZ 


RT 
RT 


RT 


EX 
LF, RT 


- 


- 


SB 


- 


FR 


- 


Decoction is drunk 
Root is cooked in sour rice 
water; taken for 3 days at 
end of menstruation; 
produces sterility 
Decoction is drunk in sour 
rice mucilage 


Boiled in water and drunk 
once weekly 
- 
- 
- 
- 


Water decoction is drunk 
with milk after 
menstruation 
Powdered and added to 
food eaten by women 
Infusion is drunk with 
Asclepias syriaca 
Decoction is taken to pre- 
vent conception for 1 year 
Juice is used by women to 
achieve temporary or 
permanent sterility; added 
to diet in prisoner-of-war 
camps 
Chewed by both sexes 


Powder is added to food 
eaten by women 
Powder is added to food 
eaten by women 


Decoction of dried berries 
is drunk after “purifica- 
tion”; 1 dram causes 
sterility 
Infusion is drunk 


Used to prevent conception 


Boiled slowly over a long 
period; decoction is drunk 
by women 


Infusion is drunk after birth 
Infusion is drunk to 
produce temporary sterility 


Water decoction is drunk 
Water decoction is drunk 


Water decoction is drunk 


Water decoction is drunk 
Taken in wine after 
menstruation to prevent 
conception for 5 days; 
root causes sterility 


Water decoction is drunk 


- 


- 


- 


Water decoction is drunk 


India 
India 


India 
India 


South America 


United States 
India 


India 


India 


North America 


India 
India 
India 
India 


India 


Columbia 


Canada 


United States 


South America, 
Germany 


Puerto Rico, 
Guadeloupe, Cuba, 
Dominican Republic, 
Santa Lucia 
Colombia 


Colombia 


Mediterranean 


Iran 


Hungary 
India 
North America 


United States 
Canada 


India 
India 
India 


India 


India 
Europe 


India 


India 


India 


India 


192 
192 


192 
17 1 


92 


92 
90, 192 


92 


192 


90 


171 
171 
192 
17 1 


91 


92,93 


92 


90,92 


90,94,95,175 


92,94,95 


92,93 


92,93 


90,92 


92 


90,92 
192 
90,92 


.SO, 92 
90,92 


192 
91 
91 


91 


91,192 
90 


171 


91 


192 


91 
~~ 
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Table 11--( Continued) 


Reference Plant Name Parta Method of Use Country 


Cordia quarensis 
Lithospermum arvense 
Lithospermum officinale 
Lithospermum ruderale 


Ananas comosus 
Ananas sativa 
Tillandsia decomposita 


Buddleja asiatica 


Crataeva nurvalah 


Lonicera ciliosa 
Viburnum prunifolium 


Bromeliaceae 


Buddlejaceae 


Capparidaceae 


Caprifoliaceae 


Caricaceae 


Celastraceae 


C henopodiaceae 


Salsola sp. 
Commelinaceae 


Carica papayab 


Celastrus paniculatusb 


Chenopodium album 


Aneilema conspicuumb 
Aneilema scapiflorumb 


Achillea millefolium 


Artemisia siversianab 
Artemisia uulgarisb 
Atractylis gummifera 
Bahia dissecta 


Compositae 


Chrysanthemum indicumb 
Cnicus benedictus 
Echinops echinatusb 
Eupatorium odoratum 
Franseria artemisioides 
Stevia rebaudiana 
Tanacetum umbelliferum 


Cuscuta sp. 
Cuscuta reflexah 


Crassula a byssinica 


Convolvulaceae 


Crassulaceae 


Cruciferae 
Anastatica hierochunticab 
Brassica campestrisb 
Brassica nigra 
Capsella bursa-pastoris 
Lepidium sativumb 


Citrullus colocynthisb 
Cucumis satiuusb 
Cucumis trigonusb 
Lagenaria siceraria 
Luffa acutangulab 
Luffa echinatab 
Momordica charantiab 
Mornordica tuberosab . 
Trichosanthes bracteatab 
Trichosanthes cucumerina 


Dioscorea sativa 
var. rotunda 


Cucurbitaceae 


Dioscoreaceae 


Ericaceae 


Euphorbiaceae 
Rhododendron anthopogonb 


Croton tigliumb 
Euphorbia atotob 
Euphorbia neriifolia 
Euphorbia resiniferab 
Euphorbia tirucallrb 


RT 
PL 
RT 
RT 


FJ 
FJ 
FS 


- 


SB 


LF 
- 


- 


- 


PL 
LF 


- 
- 


PL 


- 
- 


RT 
RT 


- 


PL 


RT 
PL 
LF, ST 


PL 


- 


- 


- 


PL 


- 
- 


SD 
PL 
- 


- 
- 
- 


FR, SD 
- 
- 
- 
- 
- 
- 


TU 


- 


- 
- 
RT 
- 
- 


Chewed by young women 
Mixed with food 
Infusion of root is drunk 
Infusion of root is taken 
daily for 6 months 


Fresh juice is taken raw 
Fresh juice is taken raw 
Decoction is drunk 


Water decoction is drunk 


Infusion is drunk 
Hot decoction is taken 
before menstrual period; 
relieves dysmenorrhea and 
controls fertility 


Africa 
Europe 
United States 
United States 


Malaya 
Malaya 
South America 


India 


India 


United States 
Italy 


Mixed with diet 
Infusion is drunk 


Hot infusion is drunk or 
mixed with food 
- 
- 


Decoction is drunk by men 
Boiled 30 min; drunk 
during menstruation; used 
also by men 


Taken a s  a tea 


Taken orally 
Decoction is drunk 
Infusion is drunk 


- 


- 


~ 


Used to reestablish the 
menstrual cycle in case of 
a late period 


- 


Water decoction is drunk 
Mixed with food 
- 


- 
- 
- 


Water decoction is drunk 
- 
- 
- 
- 
- 
- 


Eaten raw without water 


- 
- 


Water decoction is drunk 
- 
- 


India 


India 


Hungary 
Algiers 


India 
India 


Europe 


India 
India 
Arabia 
United States 


India 
North America 
India 
Central America 
Colombia 
Par a g u a y 
India 


United States 
India 


Africa 


India 
India 
India 
Europe 
India 


India 
India 
India 
India 
India 
India 
India 
India 
India 
India 


Australia 


India 


India 
India 
India 
India 
India 


90 
90 
92 
90,92,97 


90,192 
90 
92 


192 


91,92 


92 
90,92 


192 


192 


90 
92 


171 
171 


90 


171 
171 
92 
90,92 


171,192 
90 
171 
90 
92 
92 
171,192 


92 
171, 192 


98 


171, 192 
171 
91,171 
90 
171,192 


171, 192 
171 
171, 192 
91 
171,192 
171 
192 
192 
171 
171 


90 


171 


171,192 
171,192 
91 
192 
171, 192 
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Table I I - (Continued)  


Plant Name Part“ Method of Use Country Reference 


Excoecaria agallochah 
Mallotus sp. 


Mallotus philippinensis 
Ricinus communis  


Gentianaceae 
Frasera speciosa 


Gramineae 
Ramhusa  arundinacea 
Chusqurla ramosissima 
Dendrocalamus strictus* 
Echinochloa frurnentacea* 


Chrcinia marellah 
Garcinia pedunculata* 


JuClans regia 


Ocirnurn basilicurn 
Ocirnurn sanctum 
Origanurn rnajorana 
Rosmarinus officinalis 


Guttiferae 


Juglandaceae 


Labiatae 


S a  1 L’ in officina lid‘ 
SaIcia plebeia” 


Cinnarnornurn cassinh 


A brus prccatorius 
B u t  rn o nosperrn a 
Cassia lanceolata* 
Cicer arietinurnb 
Desmodium retroflexumh 
Entada scandcns 
E p t h r i n a  variegata 


var. occidentalish 
Piliosfigma thonningii 
Pisurn sativurn 
Prosopis algarobilla 
Rhynchosia minimah 
Sesbania aegypticah 
Seshanin sesbanh 
Trifoliu rn su bt rvaneum” 
liraria l a g o p o i d ~ s ~  
Vigna phaseohides  


Lauraceae 


Legu m inosae 


Liliaceae 
Aloe barbadcn.d’ 
Asparagus acutifolia 
Asparagus officinalis 
Gloriosa supcrha” 
Srnilacina stellata 


Veratrurn californicu rn 


Phoradendron flauescens 


Lycopodium annotinurn 


Lauwnia  inerrnis 


Michelia charnpaca” 


Gossspiurn herbaceum 


Hibiscus ahclrnoschus 
Hibiscus manihot* 
Hibiscus rosa-sinensis 
Hibiscus tiliaccdus 


Sphaeralcea inunronna 
l l r m a  lobata 


Loranthaceae 


Lycopodiaceae 


Lythraceae 


Magnoliaceae 


Malvaceae 


- 


RT 


FH 
SI) 
SD 


PI, 


RT 
YS 
- 
- 


~ 


~ 


LF 


LY 
LF 
LF  
PL 


PI, 
~ 


- 


~ 


SD 
FL, SD 
- 
- 
~ 


SD 
~ 


RT 
SO 
RT 
- 
- 
~ 


~ 


~ 


RT 


- 


FR 
FR 


RT, LF 


RT 


LF 


PI, 


- 


- 


~ 


RT 


FL 


F T  
FL 


R’I‘ 
LF 


- 


Scrapings from root are 
chewed with betel and 
swallowed 
Water decoction is drunk 
Eaten 1 day after delivery 
Dipped in warm blood of 
rabbit 


Decoction; one-half cupful 
is taken occasionally 


Water decoction is drunk 
Chewed 
~ 


~ 


Infusion is drunk (with 
saffron) 


Chewed 
Taken orally 
Taken orally as a tea 
Decoction with “Ocean 
A rtern isia” 
Tea with “Ocean 
A rternisia” 


~ 


- 


Powder is eaten 
- 
- 
~ 


~ 


Eaten raw or roasted 
~ 


Infusion is drunk 


Decoction is drunk 
- 


- 


Infusion is drunk together 
with root of Piliostigma 
thonningii 


- 


Decoction is drunk 
Decoction is drunk 


Tea from leaves; one-half 
cupful is drunk daily 
for 1 week 
Decoction is drunk 


Taken orally as a tea 


Decoct ion is drunk 


~ 


Decoction is drunk 


Infusion is\$runk 


Taken orally 
Smoked with tobacco 


Decoction is drunk 
Leaves are chewed and 
juice is swallowed 


- 


India 
Oceania (Buka) 


India 
India 
Algiers 


United States 


India 
Paraguay 
India 
India 


India 
India 


Slovakia 


Gunantuna 
India 
Germany 
Central America 
(Opata Indians) 
Central America 
(Opata Indians) 
India 
India 


India 


India 
India 
India 
India 
India 
Australia 
India 


East Africa 
India 
South America 
India 
India 
India 
India 
India 
East Africa 


India 
Europe 
Europe 
India 
United States 


United States 


United States 


Soviet Union 


India 


India 


South America, 
India 
Viti Islands 
India 
India 
Melanesia, 
Gunantuna 
United States 
New Ireland, 
India 


192 
90,92 


91 
91 
92 


90,92 


91 
92 
192 
171 


192 
171 


92 


92 
99 
90 
92 


90 


192 
192 


192 


192 
91, 192 
192 
192 
192 
90, 92 
171, 192 


92 
171 
92 
192 
91, 192 
171 
171 
192 
92 


192 
90,92 
90,92 
192 
90, 92 


92 


90 


92 


192 


192 


90, 9’2, 192 


92 
192 
99, 192 
92 


92 
90,92, 192 
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Table 11-(Continued) 


Plant Name Parta Method of Use Country Reference 


Melastomataceae 


Menispermaceae 
Memecylon amplericauleb 


Cissampelos pareira 
Curarea tecunarum 


Moraceae 
Cannabis satiuab 


Moringaceae 
Moringa oleiferab 


Myristicaceae 
Myristica fragransb 
Virola sp.  


Myrsinaceae 
Embelia ribes 


Oleaceae 
Jasminum multiflorumb 


Palmae 
COCOS nucifera 


Licuala sp. 


Pandanaceae 
Pandanus tectoriush 


Papaveraceae 
Argemone mexicanab 
Chelidonium majus 


Phytolaccaceae 
Phytolacca decandrab 


Piperaceae 
Piper aurantiacumb 
Piper leptostachyumb 
Piper longumh 
Piper nigrumb 


Plantaginaceae 
Plantago lanceolata 


Plum baginaceae 
Plumbago indicab 
Plum bag0 roseab 
Plumbago zeylanica 


Phlox stansburyi 


Eriogonum jamesii 


Polemoniaceae 


Polygonaceae 


Polygonurn hydropiper 


Asplenium adianturn-nigrum 
Dqopteris filix-mas 


Polypodiaceae 


Punicaceae 


Ranunculaceae 
Punica granatumb 


Aconitum heterophyllum 


Paeonia officinalis 


Geum rnacrophyllum 
Hagenia a byssinicah 
Prunus emarginata 
Prunus mahale bb 
Sanguisorba officinalis 


Anthocephalus cadamba 
Anthocephalus zndzcus 
Randia spinosa 


Citrus maximah 
Citrus medica 


Populus alba 


Santalum albumb 


Sapindus trifoliatusb 


Rosaceae 


Rubiaceae 


Rutaceae 


Salicaceae 


Santalaceae 


Sapindaceae 


Water decoction is drunk 
Water extract of liana is 
drunk by male and female 
in gallon quantities 


- 
- 


Water decoction is drunk 


Milk is drunk 
Juice of ripe or unripe 
fruit is drunk 
Chewed and swallowed by 
males and females 


- 


Juice is drunk 


Powdered plant in diet 


- 
~ 


Water decoction is drunk 


Decoction is drunk 


Boiled 30 min; cupful is 
drunk during menstruation 
to prevent conception; also 
used by males 
Infusion is drunk 


- 
Infusion is drunk 
Used for sterility 


Water decoction is drunk 
daily 
Decoction is drunk 


Decoction is drunk 


Water decoction is drunk 


Mixed with normal diet 


- 


- 


- 


Water decoction is drunk 


Decoction of bark is drunk 


India 


India 
Brazil 


India 


India 


India 
Brazil 


India 


India 


Java 
Pacific Islands 


Solomon Islands 
(Buka) 


India 


India 
Soviet Union 


India 


India 
India 
India 
India 


Europe 


India 
India 
India 


United States 


United States 


Europe 


India 
India 
Tartarean women 
Europe 


India 


India 


Soviet Union 


United States 
India 
United States 
India 
Europe 


India 
India 
India 


India 
India 


Mediterranean 


India 


India 


171 


91 
172 


192 


192 


192 
101 


91 


171 


92 
90 


92 


171 


171 
92 


171 


192 
171 
171, 192 
171, 192 


90 


171 
192 
91, 192 


92 


90,92 


90 


90,92, 171, 192 
192 
92 
90 


171 


91 


92 


92 
192 
92 
192 
90 


171 
91 
91  


171 
91 


90,92 


192 


192 
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Table 11-(Continued) 


Plant Name ’ Parta Method of Use Country Reference 


Schizaeaceae 
Lygodium dichotomum 


Scrophulariaceae 
Castilleja angustifolia 


Solanaceae 
Datura metel 
Solanum nigrumb 
Withania somniferab 


A brorna agustab 


Triumfetta bartramiab 


Anethum sowa 
Apium graueolensb 
Carum carui 
Carum roxburghianum 
Cicuta maculata 


Cuminum cyminumb 
Ferula assa-foetida 
Trachyspermum rox burghianurn 


Callicarpa sp. 


Callicarpa macrophyllab 
Clerodendrum phlomidisb 
Clerodendrum serratum 
Gmelina asiaticab 
Stachytarpheta jamaicensis 


var. indica 
Vitex agnus-castus 
Vitex lagundi 


Vitex negundo 


Sterculiaceae 


Tiliaceae 


Umbelliferae 


Verbenaceae 


Vitex trifoliab 


Curcurna longab 
Curcurna zedoariab 
Globba marantia 


Zingiberaceae 


Root is chewed with betel 
and some is swallowed 


Decoction is drunk 


Water decoction is drunk 
- 
- 


Water decoction is drunk 


Water decoction is drunk 
Water decoction is drunk 
Women chew and swallow 
roots on 4 consecutive days 


- 


- 
- 


Leaves are chewed and 
juice swallowed 


Water decoction is drunk 


- 
- 


- 
- 


Root scrapings are chewed 
with betel and swallowed 
Water decoction is drunk 
- 


Solomon Islands 
(Buka) 


United States 


India 
India 
India 


India 


India 


India 
India 
India 
India 
United States 


India 
India 
India 


Torres-Straits 


India 
India 
India 
India 
India 


Europe 
North Bougainville, 
Kurtachi 
Solomon Islands 
(Buka) 
India 
India 


India 
India 
Melanesia, 
Gunantuna 


90,92 


92 


91 
192 
192 


192 


192 


91 
192 
91 
91 
90,92 


192 
192 
171 


90,92 


171 
171 
91 
171 
171, 192 


90 
92 


90 


91, 192 
192 


171, 192 
171, 192 
92 


~ ~~ 


EX = exudate, FJ = fruit juice. FL = flower, FR = fruit, FS = flower stems, IF = inflorescence. LF = leaf, PL = whole plant, PT = petals. RB = mot bark, Rl = root juice, RT = 
roots, RZ = rhizome, SB = stem bark. SD = seed, SO = seed oil, SP = spadix, ST = stem, TU = tuber. WD = w d .  and YS = young stems. These plants have been stated to have 
“antifertility” properties, but it is possible that they may be abortifacients or emmenagogues. 


(a) dried roots of the plant impaired development of the gonads 
and accessory sex organs of the immature male rat, and (b) injec- 
tions of root extracts were a t  least 10 times more effective than 
oral administration of such extracts. Furthermore, similar effects 
could be produced in the mature animal. Several other groups also 
demonstrated antigonadotrophic activity for L. ruderale extracts 
(183-186), and Zeller et a/. (187) showed that such extracts exert 
an anovulatory effect in hens. 


In 1955, Graham and Noble (169) surveyed a number of plants 
for antigonadotrophic activity and showed this activity to be pres- 
ent not only in L. ruderale but also in L. croccum, L. distichum, L. 
latifolium, L. aruense, L. officinale, Fatsia horrida, Arctostaphy- 
10s uua-ursi, Ambrosia artemisiifolia, Cnicus benedictus, Cheno- 
podium album, Chamaelirium luteum, Amaranthus retroflexus, 
Rorago officinalis, and Rubus idaeus. The Lithospermum activity 
was found to be concentrated in the roots and increased in 
amounts from June to September (169). Furthermore, root ex- 
tracts were highly active after a 4-year storage period, but extracts 


0 
II 
C-OH 


OH OH 
11 (’?): lithospermic acid 


kept a t  4’ and pH 7.5 lost 50% of their potency after 1 week (169). 
Other members of the Boraginaceae, i.e., Anchusa officinalis, Ech- 
iurn uulgare, and Symphytum officinale, have also been shown to 
elicit antigonadotrophic activity (170). 


In 1958, Kemper and Loeser (188) showed that extracts of L. of- 
ficinale in uitro and in uiuo were capable of blocking the effect of 
pituitary hormones, such as hypophyseal gonadotrophins and thy- 
rotrophin, as well as that  of chorionic gonadotrophin, pregnant 
mare serum gonadotrophin, and prolactin. 


In 1963, Johnson et al. (113) reported on a tentative structure 
for lithospermic acid (111, presumably the principal phenolic acid 
in members of the Boraginaceae eliciting antigonadotrophic activi- 
ty. In the same year, this research group presented evidence that a 
very active polyphenoloxidase present in L. ruderale polymerizes 
the inactive lithospermic acid to an active polymer of unknown 
structure (112). 


However, more recently Wagner et a/. (115) gave evidence that 
“lithospermic acid” (from S. officinale and Lycopus europaeus) 
was a mixture of a t  least three different substances, based on chro- 
matographic studies, thus refuting the structure work of Johnson 
et al. (113). They confirmed that a polyphenoloxidase preparation 
from the leaves of L. europaeus and L. officinale induced the 
lithospermic acid to acquire antigonadotrophic properties, and 
further showed that the addition of rutin or chlorogenic acid in- 
creased this activity. 


Coronaridine-Meyer et a/. (106) found that an aqueous etha- 
nol extract from the roots of Tabernaemontana heyneana pre- 
vented pregnancy in adult female rats when the extract was ad- 
ministered orally. Investigation of this plant led to the isolation of 
a number of indole alkaloids, of which coronaridine (111) was found 
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CH ,006 
1 I I .  co ro nar idi n e 


to be the active principle. Coronaridine, a t  a dose level of 5 mgl 
kg/day, prevented pregnancies and had a high degree of estrogenic 
activity. 


Rutin-Cutting et  al. (190) showed that a diet containing 0.1% 
of the flavonoid glycoside rutin impaired the fertility of female 
mice. But Wilson et al. (191) reported that a 1% rutin diet fed for 
28-400 days did not modify the estrous cycle of female rats nor im- 
pair the fertility of male or female rats. 


Rottlerin-The antifertility principle of Mallotus philippi- 
nensis has been identified as the chromene derivative rottlerin 
(IV) (168). At a dose level of 10 mg/kg, IV remained 100% effective 
for 10 days and 84% effective for 20 days; 20 mg/kg produced 100% 
infertility. Acetylrottlerin also was active, but isorottlerin was in- 
active (168). 


itsia horrida. One saponin was characterized as a triterpene a t -  
tached to a single hexose sugar. 


A new pyrone derivative of unknown structure, referred to as 
cirantin and isolated from Citrus aurantium, was reported to in- 
duce antifertility effects in two rabbits given oral doses of 0.75 
mg/kg for 7 days (162). No further work has been found concerning 
this agent. 


ABORTIFACIENTS, ECBOLICS, OXYTOCICS, AND 
EMMENAGOGUES 


In this section, the literature concerning abortifacients, ecbolics, 
oxytocics, and emmenagogues will be reviewed relative to folkloric 
history, in uitro and in oiuo animal studies (uterine stimulants), 
and human studies. When reviewing the folkloric uses of plants, it 
is often difficult to  interpret differences between the four men- 
tioned types of biological activities. For this review, any plant 
mentioned as being used to expel the fetus was considered an abor- 
tifacient. This definition groups together all ecbolics, oxytocics, 
and abortifacients simply as abortifacients. Also included in this 
category are plants said to be effective in “expelling the placenta,” 
‘‘useful in aiding childbirth,” etc. Emmenagogues, on the other 
hand, were most often stated as such, but it is apparent that  some 
authors consider the terms abortifacient and emmenagogue to be 
synonymous. We considered all plants mentioned to alter the men- 
strual cycle, unless specifically stated to be abortifacients, ecbolics, 
o r  oxytocics, to be emmenagogues. 


There are many important reviews from which folkloric data 
were obtained (90, 91, 192-197), but the majority of plant names 
were found in minor references in the literature. The  names of 
plants reported in the literature to  have abortifacient ( A )  and em- 
menagogue (E) applications are presented in Table IV, together 
with the names of the plant parts used when this information was 
cited. 


To determine whether or not plants having folkloric applica- 
tions as abortifacients and/or emmenagogues might be confirmed, 
the literature was searched for plants whose extracts were shown 
to stimulate uterine tissue by means of in uitro or in uiuo animal 
experiments. These data are presented in Table IV as (U)  nota- 
tions, together with the part of the plant from which the active ex- 
tracts were prepared when such data were given. 


I 
OH 


IV. rottlerin 
The  isoflavones of known structure, as well as the coumestans, 


sterols, and cytotoxic agents, will be discussed in subsequent sec- 
tions. 


Antifert i l i ty Agents of Unknown Structure-Chou et al. 
(137) isolated two saponins having antifertility activity from Gled- 


Table 111-Plants Evaluated in Animals or Humans for Antifertility Effects 


Part Type of Dose and Route of’ 
Plant Name Testeda Extract” Administration‘ Results Reference Species 


Acanthaceae 
Adhatoda vacica 


Amaranthaceae 
A maranthus retroflexus 


Sernecarpus anacardium 
Anacardiaceae 


Annonaceae 
Artabotys odoratissimus 


Apocynaceae 
Apocynurn androsaernifolium 
Apocynum cannabinurn 
Catharanthus roseus 


Sternmadenia galeottiana 


Ta bernaemontana heyneana 


Dieffenbachia seguzne 
Araceae 


LF  


PL(?) 


SD 


LF 


PL 
R T  
LF 


FR 


Rr 
SJ 


LF  


W 


ET, W 


PE, ET, W 


Fresh leaf 


- 
- 


Vinblastine 


AC 


Coronaridine 


Fresh stem 
sap, PO 


7 days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats, po 


100 mg/kg/day on 
Days 1-4. PO(?) 


0.5- 1 .0 g/day for 
3 days. PO 


~ 


- 


0.3-0.5 mg/kg, iv 


Twice daily for 5 
days, sc 
5 mg/kg/day, PO 


Mouse, rat 


Rat 


Rat 


Rat 


- 
~ 


Rabbit 


Mouse 


Rat 


Mouse 


Humans 


No activity 102 


Antigonadotrophic 169 
activity in citro 


No inhibition of 103 
implantation 


Diestrus prolonged; 104 
degenerative changes 
in follicles; no 
body weight changes 


Anovulatory effect 171 
Anovulatory effect 171 
66% reduction in 70 
normal fetuses 
Number of litters 105 
reduced 44% 
Antifertility effect 106 


Sterility in males 95 
40-90 days; 30-50 
days in females 
Experimental 94 
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Table 111-(Continued) 


Part Type of Dose and Route of 
Plant Name Testeda Extract* Administration‘ Species Results Reference 


Lysichiton arnericanum 


Fatsia horrida 
Araliaceae 


Asclepiadaceae 
Asclepias hallii 
Calotropis gigantea 


Calotropis procera 


Daemia extensa 


Marsdenia cundurango 


Berberis uulgaris 
Podophyllurn peltaturn 


Berberidaceae 


Boraginaceae 
Anchusa officinalis 


Borago officinalis 


Echium vulgare 


Lithosperrnum aruense 


Lithospermum croceurn 


Lithospermum distichum 


Lithospermum latifolium 


Lithospermum officinale 


Lithosperrnum ruderale 


Pulrnonaria officinalis 


Symphytum officinale 


Bromeliaceae 
Ananas comosus 


Caprifoliaceae 


Caricaceae 


Lonicera ciliosa 


Carica papaya 


RT 


PL(?) 


- 


RT 


LF 


LF  


BK 


- 


RT, RZ 


RT, RZ 


PL 


PL(?) 


PL 


PX 


PX,  RT 


PX, RT 


PX, R T  


PX 


LF  


PL 


PX, R T  


RT 


PX 


RT 


- 


PL 


PL 


RT 


RZ. FR 


FR 


LF 


FP 


SD 


ET/W 


W 


- 


PE, ET, W 


PE, ET, W 


In ration 


Podophyllin 


W 


W 


W 


W 


W 


W 


W 


W 


W 


W 


W 


- 


Oxidized 
lithospermic 
acid 


W 


W 


Oxidized 
lithospermic 
acid 


PE ,  ET, W 


Juice 


ETIW 


PE, ET, W 


In ration 


1-270 of diet, PO 


- 


100 mg/kg/day on 
Days 1-4, PO(?) 
100 mg/kg on 
Days 1-7, PO 
PO for 4 weeks; 
3 g/day for rats; 
9 g/day for 
guinea pigs 
- 


- 


0.25 mg, sc 


5 g ml in petroleum 
jel&, 0.; ml in- 
stilled in uterus 


PO 


sc or PO daily for 
6 days (rat);  daily 
injections for 7 days 
(hen) 
In ration, 15% of diet 


6-12 mg/kg, sc 


“Suitable amount,” 
PO 


50 ml/kg on 
Days 1-7 


Dry extract as 1-2’70 
of diet, PO 


100-500 mg/kg on 
Days 1-7, PO 
Ad libitum 


Mice 


Rat 


- 


Rat 


Rat 


Rat, 
guinea pig 


~ 


~ 


Mouse 


Rat 


Mouse 


Rat 


Mouse 


Rat 


Rat 


Rat 


Rat 


Rat 


Rat, 
guinea pig 


Mouse 


Rat 


Mouse 


Mouse 


Rat, hen 


Mouse 


Rat 


Rat 


Mouse 


Mouse 


Rat 


Mouse 


Rat 


Mouse 


Inactive 


Antigonadotrophic 
effect in uitro 


Anovulatory effect 
No inhibition of 
implantation 
No inhibition of 
implantation 
No effect on fertility 


Anovulatory effect 


Anovulatory effect 
No pregnancies when 
treated on Day 3 
or later 
No effect on im- 
plantation 


Antigonadotrophic 
activity 
Antigonadotrop hic 
activity in uitro 
Antigonadotrop hic 
activity 
Antigonadotrop hic 
activity in uitro 
Antigonadotrophic 
activity in uitro 
Antigonadotrophic 
activity in uitro 
Antigonadotrophic 
activity in uitro 
Antigonadotrophic 
activity in uitro 
Antigonadotrophic 
activity in uitro; 
diestrus in rats 
Inhibited vaginal 
cornification 
Antigonadotrop hic 
activity in uitro 
Cessation of estrous 
cycles 
Depressed estrous 
cycles 
Antigonadotrophic 
activity (rat);  
anovulatory activity 
(hen) 
Produced anestrus; 
nonestrogenic and 
nonandrogenic 
Antigonadotrophic 
activity in uitro 
Antigonadotrop hic 
activity in ilitro 
Antigonadotrophic 
activity increased 
by rutin or chloro- 
genic acid 


Antifertility activ- 
ity in PE  and ET 
extracts 
60% inhibition of 
implantation 


45% reduction in 
litters 


Variable inhibition 
of implantation 
Reduced fertility 
with toxicity 


11 I 


169 


171 
103 


108 


127 


171 


171 
109 


110 


170 


169 


170 


169 


169 


169 


169 


169 


188 


114 


169 


188 


180 


112 


111 


115 


115 


115 


102 


116 


117 


118 


119 
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Table III--(Continued) 


Part Type of Dose and Route of 
Plant Name Testeda Extract” Administration‘ Species Results Reference 


Caryophyllaceae 
Dianthus superbus 


Vaccaria pyramidata 


C henopodiaceae 
Chenopodium album 


Combretaceae 


Compositae 
Terminalia catappa 


Ambrosia artemisifolia 


Artemisia sp 


Arternisia maritima 


Cnicus benedictus 


Cnicus spicatus 


Grindelia sp. 
Solidago odora 
Steuia rebaudianad 


Cruciferae 
Capsella bursa-pastoris 


lsatis oblongata 


Raphnnus satiuus 


Ecballium elaterium 


Luffa cylindrica 


Momordica charantia 


Cucurbitaceae 


Cupressaceae 


Ericaceae 
Thuja occidentalis 


A rctos taphy los uva-ursi 


Eup hor bin la t hyris 
Euphorbiaceae 


Jatropha curcas 


Mallotus philippinensis 


Ricinus communis 


Stillinggia syluatica 
Gramineae 


PL  


PL  


PL 


LF 


LF  


PL(?) 


- 


PL(?) 


PL(?) 


-. 


PI,(?) 


PL  


PL  
LF  
PL  


PL 


PL  


PL  


PL, FR 


PL  


LF  


LF 


PL(?) 


PL 


FR, SD 


T R  


T R  
- 


SD 


SD 


RT 


W, AC 


W, AC 


W 


In ration 


In ration 


W 


- 


W 


Santonin 


- 


W 


W 
- 
- 


W 


In ration 


W (distilled 
with lime- 
stone) 
W 


Di hydro- 
elatericin A 
W 


W 


- 


W 


W 


In ration 


In ration 


Rottlerin 
- 


PE, ET, W 


PE, ET, W 
- 


0.1 ml twice daily 
for 5 days, sc 


0.05-0.2 ml twice 
daily for 5 days, sc 


0.05-0.2 ml twice 
daily for 5 days, sc 


3 g/day for 4 weeks, 
PO 
9 g/day for 4 weeks, 
PO 
- 


Added to ration, PO 


- 


0.05-0.2 ml twice 
daily for 5 days, sc 


10 ml of a 5% de- 
coction for 6 days 
during mating 


20-40% of ration 


0.05-0.2 ml twice 
daily for 5 days, sc 


0.05-0.2 ml twice 
daily for 5 days, sc 


20-100 mg/kg/day, 
PO 
0.05-0.2 ml twice 
daily for 5 days, sc 
250-500 mg/day on 
Days 1-7, PO 


~ 


- 


0.05-0.2 ml twice 
daily for 5 days, sc 


3.3% of ration for 
25 days, PO 
Daily for 4 weeks, 
PO; rat 0.75 g/day, 
guinea pig 3 g/day 
20-840 mg/kg, PO 


7 days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats, pa 
100-500 mg/kg on 
Days 1-7, PO 


- 


- 


Mouse 


Mouse 


Mouse 


Rat 


Guinea pig 


Rat 


- 


Rat 


Mouse 


- 


Rat 


Mouse 


- 
- 


Rat 


Mouse 


Mouse 


Mouse 


Mouse 


Mouse 


Rat 


- 


Rat 


Mouse 


Rat 


Rat, 
guinea pig 


Rat 
- 


Mouse, rat 


Rat 


- 


Interferes with 
early pregnancy; 
may be an  estrogenic 
effect 
Decreased number of 
litters; post- 
copulatory effect 
Decreased number of 
litters; no post- 
copulatory effect 


No effect on fertility 


No effect on fertility 


Antigonadotrophic 
effect in uitro 


Antifertility effect 


Antigonadotrophic 
activity in uitro 
Delay in estrus, 
ovulation, and onset 
of mating 
Anti-implantation 
effect 
Antigonadotrophic 
activity in vitro 
Decreased number 
of litters 
Anovulatory effect 
Anovulatory effect 
Fertility reduced 
57-79‘70 


40% in ration im- 
peded ovulation 
Decreased number 
of litters 


Decreased number 
of litters 


Inhibition of OVU- 
lation a t  100 mg/kg 
Decreased number 
of litters 
No activity 


Anovulatory effect 


Antigonadotrophic 
activity in uitro 


Decreased number of 
litters; no post- 
copulatory activity 
Complete inhibition 
of reproduction 
Decreased mating in 
rats and guinea pigs 


Prevented mating 
Anti-implantation 
effect 
No activity 


No inhibition of 
implantation 
Anovulatory effect 


120 


121 


121 


127 


127 


169 


171 


169 


119 


171 


169 


121 


17 1 
171 
122 


123 


121 


121 


124 


121 


125 


17 1 


169 


12 1 


126 


127 


168 
171 


102 


118 


17 1 
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Table 111-(Continued) 


- 
Plant Name 


Part Type of Dose and Route of 
Tested" Extractb Administration" Species Results Fbference 


Dendrocalarnus strictus 


Labiatae 
Hyssopus officinalis 
Lycopus europaeus 


Lycopus lucidus 


Majorana hortensis 
Marrubiurn officinalis 
Melissa off ic inal is 
Mentha piperita 
Ocirnurn sanctum 


Orthosiphon starnineus 
Rosmarinus officinalis 
Saluia officinalis 
Thymus serpyllurn 
Thymus oulgaris 


Corn bretodendron africanurn 
Lecythidaceae 


Leguminosae 
Abrus precatorius 


Acacia koa 


Astragalus glycyphyllus 


Butea frondosa 


Butea rnonosperrna 


Butea paroiflora 


Clitoria ternatea 


Gleditsia horrida 


Medicago satiua 


LF 


PL 
LF 


PL 


PL 
PL 
PL 
PL 
LF  


PL 
PL 
PL 
PL 
P L  


SB 


LF 


SD 


SD 


RT 


SD 


LF 


PL 


SD 


SD 


PT 
PT, SD 


SD 


FL 


SD 


FR 


FR 


IF 


PE, ET, W 100 mg/kg on 
Days 1-7, PO 


W 
Oxidized 
lithospermic 
acid 


W 


W 
W 
W 
W 
PE, BZ, E, AC 
ET 


W 
W 
W 
W 
W 


W 


PE, ET, W 


PE 


PE,  ET, W 


PE, ET 


P E  


ET, W 


W 


ET,  CH, W 


ET, CH, W 


E T  
E T  


ET 


PE, ET, W 


PE,  ET, W 


W 


ET 


E, CH, acid 


0.05-0.2 ml twice 
daily for 5 days, sc 


- 
- 
- 
- 
100-200 mg/kg, PO 


Various doses, iv 
and sc 


7 days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats, PO 
150 mg/rat for 20 
days before mating 
or on Days 1-5 
100 mg/kg, PO; 
PE, E T  = Days 1-4; 
W = Days 1-7 
100 mg/kg on 
Days 1-5, PO 


7 days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats, PO 
Twice daily for 5 
days, sc 


Continuous oral 
dosage 


10 mg-1 g/kg f day 
for 15 days, PO 


10-1500 mg/kg/day, 
PO; 100 mg/kg on 
Days 1-5, sc 
10-200 mg/kg 
Various doses, 
parenteral 
25-200 mg/kg for 
7 days, PO 
100 mg/kg/day on 
Days 1-7 
100 mg/kg on 
Days 1-7, PO 
0.05-0.2 ml twice 
daily for 5 days, sc 
Doses not stated, 
given for 5 days, sc 


Not stated 


Rat 


Rat 
Mouse 


Mouse 


Rat 
Rat 
Rat 
Rat 
Rat 


Rat 
Rat 
Rat 
Rat 
Rat 


Rat, rabbit 


Mouse, rat 


Rat, mouse 


Rat 


Rat 


Mouse, rat 


Mouse 


Rat 


Rat 


Mouse, rat 


Mouse, rat 
Mouse, rat 


Rat 


Rat 


Rat 


Mouse 


Mouse 


Rat 


No inhibition of 
implantation 


Antigonadotrophic 
Antigonadotrophic 
activity increased 
by rutin or chloro- 
genic acid 
Decreased number of 
litters; postcopula- 
tory activity 
Antigonadotrophic 
Antigonadotrophic 
Antigonadotrophic 
Antigonadotrophic 
80% antifertility 
for BZ extract, 60% 
for PE extract, 
others inactive 
Antigonadotrophic 
Antigonadotrophic 
Antigonadotrophic 
Antigonadotrophic 
Antigonadotrophic 


Tannins and sapo- 
nins inhibited 
estrous cycle, mat- 
ing, and pregnancy 


No antifertility 
activity 


Antifertility effects 


No significant inhi- 
bition of implantation 


Prevention of 
nidation; E T  extract 
has antiestrogenic 
activity 
Antifertility activ- 
ity but toxic 


Number of litters 
reduced 88-10070, 
but toxic 
Increased duration 
of estrous phase of 
cycle 
No change in estrous 
cycle; delayed mat- 
ing with higher doses 
Antifertility effect 


Antifertility effect 
No estrogenic 
activity 
No inhibition of 
implantation 
No inhibition of 
implantation 
No inhibition of 
implantation 
Decreased number 
of litters 
Two saponins and 
sugars produced 
antifertility effect 
E extract was estro- 
genic, CH extract 
was antiestrogenic, 
acid extract inter- 


lo8 


115 
115 


121 


115 
115 
115 
115 
99 


115 
115 
115 
115 
115 


130 


102 


131 


103 


100 


102 


105 


132 


133 


133 


134 
135 


136 


116 


108 


121 


137 


141 
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Table 111-(Continued) 


Part Type of Dose and Route of 
Plant Name Tested0 Extractb Administration< Results Reference Species 


fered with seminal 
vesicle growth and 
potentiated action of 
estrogens 
Antigonadotrophic 140 
Degenerative changes 142 
in ova after mating 
Decreased number of 121 
litters; postcopula- 


Rat 
Rabbits 
(male) 
Mouse 


Human 


Rat 


Rat 
Human 
Human 


Mouse 


Mouse, rat 


Mouse, rat 


Sheep 


Rat 


Mouse, rat 


Rat 


Rat 


Rabbit 


- 


Rat 


Rat 


Mouse 


Sheep 
- 


- 


Rat 


Rat 


Rat 


- 


- 
PL 


PL 


so 


SD 


SD so so 


SD 


FL 


LF 


- 
In ration 


W 


- 
PO 


0.05-0.2 ml twice 
daily for 5 days, sc 


On Days 16 and 21 
of cycle, PO 


20-3070 of diet 


Phaseolus aureus 


Pisum satiuum 
tory activity 
Reduction in rela- 143, 144, m-Xylohy- 


droquinone 


In ration 


tive number of 146 
pregnancies 
20% decreased and 148 
30% stopped litter 
formation 
Decreased fertility 147 
Postponed pregnancy 147 
Reduction in number 147, 148 
of pregnancies 


Fertility impaired; 149 
estrogenic effect 
Psoralen was not the 
active principle 
Antifertility effect 102 


nn r- 
im monthly 
300-350 mg on Days 
16 and 21 of cvcle. 


- 
m-Xylohy- 
droquinone 


In ration 
monthly, PO 
0.35 g/day for 
37-77 days, PO 


Psoralea corylifolia 


Sesbania sesban W 7 days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats, PO 
7 days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats, PO 
Ad libitum, PO 


W No activity 102 


Trifolium subterraneum PL In ration Impaired release 150-152 
of luteinizing hor- 
mone by isoflavones; 
morphological changes 


103 


102 


116 


17 1 
169 


70 


110 


108 


121 


171 
153 


171 
108 


116 


99 


17 1 


in cervix 
50% inhibition of 
implantation with 
W extract 


Antifertility activity 


Uraria lagopoides PL PE, ET, W 100 mg/kg on 
Days 1-7, PO 


Liliaceae 
Aloe barbadensis LF W 7 days before and 14 


days during cohabi- 
tation in mice and 
5 days after mating 
in rats, PO 
100-500 mg/kg on 
.Days 1-7 
- 
- 


0.1-5.0 mg/kg, sc 


No significant anti- 
implantation effect 
Anovulatory effect 
Antigonadotrophic 
activity in uitro 
Toxic to fetus when 
given after implan- 
tation 
Few fetuses both 
horns 


No inhibition of 
implantation; toxic 
Decreased number 
of litters 
Anovulatory effect 
Prolonged gestation 
associated with 
cyclopic fetuses 


Anovulatory effect 
No inhibition of 
implantation 


No significant anti- 
implantation effect 
8Oy0 inhibition of 
implantation by BZ 
extract 
Anovulatory effect 


FP 


SD 
PL(?) 


co 


W 


Asagraea officinalis 
Chamaelirium luteum 


Colchicum autumnale 


- 
W 


Demecolcine 


co Colchicine 0.5 mg/ml saline; 
0.2 ml instilled into 
one uterine horn 
10-100 mg/kg on 
Days 1-7, PO 
0.05-0.2 ml twice 
daily for 5 days, sc 


Ad libitum, PO 
- 


PE, ET, W 


W 


Gloriosa superba 


Paris polyphylla 


Smilax bona-nox 
Veratrum californicum 


TU 


PL 


RT 
PL 


- 
In ration 


Magnoliaceae 
Magnolia uirginiana 
Michelia champaca 


Gossypium herbaceum 


Hibiscus rosa-sinensis 


Malvaceae 


BK 
RT 


- 
PE, ET, W mg/kg on 


Days 1-7, PO 


100 mg/kg on 
Days 1-4 or 1-7 
100-200 mg/kg, PO 


SD, ST, 
SB, RE3 
PT 


PE, ET, W 


PE, BZ, E, 
E T  


FT 
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Table 111-(Continued) 


Part Type of Dose and Route of 
Plant Name Tested" Extractb Administrationc Species Results Reference 


Menispermaceae 
Chondodendron tomentosum RT 
Stephania hernundifolia RZ 


Anovulatory effect 
Antifertility effect 
with E T  extract; 
increased fertility 
with PE extract 


- 
PE, ET 


- 


7 days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats; PO 


Twice daily for 5 
days, sc 


I days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats; PO 


Various dosages for 
varying periods prior 
to and after mating, 
PO 


The following is 
taken in equally 
divided doses daily 
for 22 days while 
abstaining from 
intercourse: 4 drams 
active principle of 
Embelia ribes, 4 
drams Piper longum, 
2 drams assa- 
foetida, and 4 drams 
borax 


Twice daily for 5 
days, sc 


100-500 mg/kg on 
Days 1-7, PO 


0.05-0.2 ml twice 
daily for 5 days, sc 


Twice daily for 5 
days, sc 
0.05-0.2 ml twice 
daily for 5 days, sc 


In ration 


- 
Mouse, rat 


Mouse 


Mouse, rat 


Mouse, rat, 
hamster, 
rabbit, 
guinea pig 


Human 


Mouse 


Rat 


Mouse 


Mouse 


Mouse 


Mouse 


Mouse 


Mouse 


Mouse, rat 


- 
Human 


Mouse, rat 


Rat 


Mouse 


Guinea pig 


Rat 


Moraceae 
Ficus pumila LF W 


PE, ET, W 


61% reduction in 
litters 


No effect by any 
of the extracts 


105 


102 
Moringaceae 


Moringa pterygosperma SB 


Musaceae 
Ensete superbum SD 


PL 


AA 155 


138 


Anti-implantational 
and postimplanta- 
tional effects 


M yrsinaceae 
Embelia ribes Prevention of con- 


ception for 1 year 


Myrtaceae 


Palmae 


Metrosideros collina 


Areca catechu 


LF W 53% reduction in 
litters 


Inhibition of 
implantation with 
higher dose 
Inactive 


105 


FR PE, ET, W 118 


PL W 121 


Papaveraceae 
Argemone glauca IF 


PL 


E T  


W 


Reduced litters by 
78% 
Inactive 


105 


121 


Pinaceae 
F'inus ponderosa LF VO, W, AC Complete disruption 


of pregnancy with 
W extract 
See Footnote e 


43-5070 reduction of 
litters 
Inactive 


156 


LFe 


LF, ST 


LF, RT 


W 


W 


PE, ET, W 


In ration 


Twice daily for 5 
days, sc 
7 days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats, PO 


See Em belia ribes 
(Myrsinaceae) 
7 days before and 14 
days during cohabi- 
tation in mice and 
5 days after mating 
in rats, PO 


100 mg/kg on 
Days 1-7, PO 


- 


1 g / W  


9 g/day 


100 mg/kg on 
Days 1-7 


145 


105 


102 


Piperaceae 
Peperomia sp. 


Piper betle 


Piper latifolium 
Piper longum 


- 
- 


RT 
FR 


LF, RT PE, ET, W 


Anovulatory effect 
Prevents conception 
for 1 year 
Inactive 


17 1 
138 


102 


Plum baginaceae 


Polygonaceae 


Plum bago zeylanica 


Polygonum hydropiper 


RT PE,  ET, W No inhibition of 
implantation 


Impaired fertility 
in mice 
Sterility in female 
guinea pigs 
80% inhibition of 
implantation with 
PE fraction of ET 
extract 


108 


PL 


PL 


RT 


In ration 


In ration 


E T  


157 


157 


158 
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Table 111-( Continued) 


Part  Type of Dose and Route of 
Plant Name Tested" Extract" Administration' Species Results Reference 


Polygonum multiflorum 


Aspidium sp. 


Dlyopteris filir-mas 


Punica granatum 


Polypodiaceae 


Punicaceae 


Ranunculaceae 
Aconitum napellus 
Cimicifuga racemosa 
Paeonia sp. 


Paeonia moutan 


Rosaceae 
Hagenia a byssinica 


Prunus emarginata 


Pyrus communis 


Quillaja saponaria 
Rubus idaeus 
Sanguisorba officinalis 


Rubiaceae 
Adinu cordifolia 


Randia dumetorum 


Rubia cordifolia 


Citrus aurantium 


Euodia rutaecarpa 


Salicaceae 
Salix sp. 


Saxifragaceae 
Hydrangea arborescens 


Scrophulariaceae 
Rehmannia glutinosa 


Simaroubaceae 
Brucea amarissima 


Simarouba amara 


Nicotiana tabacum 


Rutaceae 


Solanaceae 


Solanum dulcamara 
Solanurn zanthocarpum 


Withania somnifera 


Stemonaceae 


Taxaceae 


Stemona japonica 


Taxus baccata 


P L  


LF, ST 
- 


PC 


PC 


R T  
R T  
P L  


PL  


LF, ST 


WD 


SB 


BK 
LF  
PL  


P L  


LF  


FR 


PL  


PC 


PL  


BK 


R T  


PL  


S D  


BK 


LF  
LF  


TW 
ST,  LF  


RT 


PL  


L F  


ST 


W 


In ration 


- 


In ration 


In ration 


- 
- 


W 


W 


In ration 


EW 


W 


W 
In ration 


W 


ET 


- 


PE, ET, W 


W 


Cirantin 


W 


- 


- 


W 


ET 
- 


Smoking 
Nicotine 


- 


In ration 


In ration 


W 


PE, ET, W 


PE, ET, W 


0.05-0.2 ml twice 
daily for 5 days, sc 


Ad libitum 


3 g/day for 4 
weeks, PO 
9 g/day for 4 
weeks, PO 


~ 


0.05-0.2 ml twice 
daily for 5 days, sc 
0.05-0.2 ml twice 
daily for 5 days, sc 


Ad libitum 


1-270 of ration, po 


PO and im 


- 
~ 


20-3070 of diet, po 


0.05-0.2 ml twice 
daily for 5 days, sc 


100 mg/day after 
copulation for 5 
days, PO 
100 mg/kg on 
Days 1-7, PO(?) 


0.05-0.2 ml twice 
daily for 5 days, sc 


0.75 mg/kg for 7 
days, PO 
0.05-0.2 ml twice 
daily for 5 days, sc 


0.05-0.2 ml twice 
daily for 6 days, sc 


Twice daily for 5 
days, sc 
- 


Smoking 
Implant in utero 


- 


Rats, 3 g(day; 
guinea pigs, 9 g/day 
for 4 weeks, PO 
25 mglday, PO 


0.05-0.2 ml twice 
daily for 5 days, sc 


5@100 mg/kg on 
Days 1-7 with W 
extract and on Days 
1-5 with PE  and 
ET extracts 
100 mg/kg on 
Days 1-4, PO(?) 


Mouse 


Mouse 


- 


Rat 


Guinea pig 


- 
- 


Mouse 


Mouse 


Mouse 


Mouse 


Mouse, 
rat, dog 


Rat 
Mouse 


Mouse 


- 


Rat 


Rat 


Mouse 


Rabbit 


Mouse 


- 


- 


Mouse 


Mouse 


~ 


Human 
Rat 


~ 


Rat, 
guinea pig 


Mouse 


Mouse 


Rat 


Rat 


Decreased number 
of litters 


Reduced fertility 
with high toxicity 
Anovulatory effect 


Infertile matings 


Infertile matings 


Anovulatory effect 
Anovulatory effect 
Decreased number 
of litters 
Inactive 


Reduced fertility 
with toxicity 
45% reduction of 
litters 
Pregnancy interrupted 
at all stages 
Anovulatory effect 
Antigonadotrophic 
Prolongation of 
diestrus 
Inactive 


No effect 


No significant 
inhibition of im- 
plantation 
Decreased number 
of litters 


No pregnancies 
after several matings 
Decreased number 
of litters 


Anovulatory effect 


Anovulatory effect 


Decreased number 
of litters 


10W0 reduction in 
litters 
Anovulatory effect 


Alters ovarian cycle 
Increase in number 
of stillborn 
Anovulatory effect 
No effect 


Reduction in fer- 
tility 


Decreased number 
of litters 


60% infertility 
with P E  and W 
extracts 


No significant anti- 
implantation effect 


121 


119 


171 


127 


127 


171 
171 
121 


121 


119 


117 


159 


171 
169 
160 


121 


161 


103 


121 


162 


12 1 


171 


171 


121 


105 


17 1 


163 
164 


171 
127 


165 


121 


166 


103 
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Table 111-( Continued) 


Part Type of Dose and Route of 
Plant Name Tested" Extractb Administration' Results Reference Species 


Thymelaeaceae 


Tiliaceae 


Umbelliferae 


Daphne genkwa 


Grewia asiatica 


Apium graveolens 


Carum carvi 


Daucus carota 


Ferula assa-foetida 


Leptotaenia reticulata 
Siler divaricatum 


Verbenaceae 
Clerodendrum uncinatum 
Verbena hastata 
Verbena officinalis 


Vitex agnus-castus 


LF 


LF 


PL 


SD 


SD 


SD 


SD 


SD 


R 


- 
PL 


PL 
PL 
PL 
PL 


SD 


PE, ET, W 


In ration 


W 


PE, ET, W 


PE, ET, W 


In ration 


PE, ET, W 


PE, ET, W 


Resin 


W 
- 


W 


W 
W 


In ration 


- 


100 mg/kg on 
Days 1-4, PO(?) 


guinea pig, 9 g f day, 
for 4 weeks, PO 


0.05-0.2 ml twice 
daily for 5 days, sc 


500 mg/kg on 
Days 1-7, PO 


100 mg/kg on 
Days 1-7 


daytguinea pig, 
for 4 weeks, PO 
100-5OO mg/kg on 
Days 1-7, PO 
20-100 mg/kg on 
Days 1-7, PO 


See Embelia ribes 
(Myrsinaceae) 


0.05-0.2 ml twice 
daily for 5 days, sc 


Rat, 3 g/day; 


3 g/day/rat; 9 g l  


- 


- 
0.05-0.2 ml twice 
daily for 5 days, sc 


daylguinea pig 
4 weeks. DO 


3 g/day/rat; 9 g l  


Rat 


Rat, 
guinea pig 


Mouse 


Rat 


Rat 


Rat, 
guinea pig 


Rat 


Rat 


Human 


- 


Mouse 


Rat 


Rat 
Mouse 


Rat, 
guinea pig 


- 


55% inhibition of 
implantation with 
W extract 
No infertility effect 


Decreased number 
of litters 


4046.6% inhibition 
of implantation 


No inhibition of 
implantation 
No effect 


Variable inhibition 
of implantation 
Various results with 
different chromato- 
graphic fractions 
Prevention of con- 
ception for 1 year 
Anovulatory effect 
Decreased number 
of litters 


Antigonadotrophic 
Anovulatory effect 
Antigonadotrophic 
Inactive 


No effect 


103 


127 


121 


118 


116 


127 


118 


52 


138 


171 
121 


115 
171 
115 
121 


127 


I .  


BK = bark, CO = corm, FL = flower, FP = fruit pulp, FR = fruit, IF = inflorescence, LF = leaf, PC = pericarp, PL = whole plant, = petals, PX = aerial parts, R = resin. RB 
= root bark, RT = mot, RZ = rhizome, SB = stem bark, SD = seed. SJ = stem juice, SO = seed oil. ST = stems, TR = trichomes. TU = tuber, TW = twigs. and WD = wood. b Extrac- 
tion solvents were: AA. absolute ethanol; AC, acetone; BZ. benzene; CH. chloroform; E. ether; ET, 95% ethanol; EW, ethanol-water (1: 1); ME, methanol; PE, petroleum ether; VO, vola- 
tile oil; and W, water. C Routes of administration were: im, intramuscular; ip, intraperitoneal; iv. intravenous; po, oral: and sc. subcutaneous. 6 This activity could not be confirmed in at 
least two laboratories (128, 129). Activity suspected to be due to mycotoxins produced by fungi parasitiziog the pine needles (145). 


Table IV-Emmenagogue, Abortifacient, and Uterine Stimulant Plants and Their Active Principles Where Known 


Typeof Plant 
Plant Name" Activityb Part' Reference Active Constituent(s) 


Acanthaceae 
Adhatoda vasica 
Dipteracanthus suffruticosa 
Ruellia suffruticosa 
Strobilanthes crispus 


Agave americana 
Agavaceae 


Agave lecheguilla 
Yucca gloriosa 


Carpobrotus edulis 
Trianthema decandra 
Trianthema monogyna 
Trianthema pentandra 
Trianthema portulacastrum 


Alangium lamarckii 


Sagittaria sagittifolia 


Achvranthes aspera 


Aizoaceae 


Alangiaceae 


Alismataceae 


Amaranthaceae 


A, E LF 192,193 
A RT 192, 193 
See Dipteracanthus suffruticosa 
U LF 199 


192 A 
E LJ 193 


PL, JU  194 
200 


E 


201 
U 
U 


A FR 194 
A PL 193 
See Triantherna portulacastrum 
See Trianthema decandra 


192 A 
A RT 193 


U LF 202 


- 


- 
- 


- 


- I 


A 


A 


- 


- 


LJ A 
Altemanthera sessilis A 
Amaranthus gangeticus E LF 


PL Amaranthus thunbergii A 
Bragantia tomentosa A 


- 


- 


203 


192 


204 
192, 193 
194 
193 
194 
192 


~ 


- 
- 


Crude saponin 
- 


Total alkaloids 
Emetine (CXXVIII) 


- 
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Table IV-( Continued) 


Type of Plant 
Plant NameR Activityb Part'' Reference Active Constituent(s) 


Amaryllidaceae 
Clivia miniata 


Crinum sp. 


Crinum asiaticum 


Pancratium sp. 


Pancratium sickenbergi 


Anacardium occidentale 
Lannea schimperi 
Rhus coriaria 
Rhus glaucescens 
Rhus incana 
Rhus incana var. 


cuneidoliolaya 
Rhus longipes 
Rhus ruzizensis 
Rhus succesanea 
Rhus toxicodendron 
Rhus villosa 
Semecarpus anacardium 


Anacardiaceae 


Spondias lutea 
Tapirira guianensis 


Annona muricata 
Annona squamosa 


Annonaceae 


Unona setigera 
Uuaria ridleyi 
Uvaria rufa 
Uvaria setigera 
Uvaria solanifolia 


Apocynaceae 
Aganosma marginata 


Alstonia constricta 


Alstonia scholaris 


Anodendron paniculatum 


Carissa edulis 
Catharanthus roseus 
Cerbera odollam 


Ervatamia coronaria 


Forsteronia floribunda 
Holarrhena antidysenterica 
Holarrhena febrifuga 


Nerium indicum 


Nerium odorum 
Nerium oleander 
Peschiera affinis 
Pleioceras barteri 


Plumeria acuminata 


Plumeria bracteata 
Plumeria rubra 


Plumeria rubra f .  acutifolia 
Rauvolfia serpentina 


E PL 


R T  A 
I 
I 
I 
A 
I 
I 
I 
U 
I 


- 
- 
- 
- 
- 
- 
- 


BU 
- 


U TE 
A BK 


- U 
See Rhus longipes 
See Rhus longipes 
See Rhus longipes 


A P L  
See Rhus longipes 
I 
U 
See Rhus longipes 
A 


- 
- 


- .. 


A SD 
E SD 
U SB 
U SB 


LS  U 
A 


SD A 
U 
See Uvaria rufa 
See Uvaria rufa 
A R T  
See Uvaria rufa 
See Uvaria rufa 


- 


- 


- A 
E PL, RT 
U BK 


A R T  
A RT 
A RT 
A SD, FR 


- 
- 


A 
A 
E RT 
U LS 
E SD 
A RT, LF 
E LF 
A RT 


R T  E 
U 
See Nerium indicum 
U 
U RB 
A FR, SD, 


RB. LF 


- 


- 


E FR,'SD, 
RB, LF 
- A 


U RB 
A FR 
E FR 


- A 
A 
A 


RT 
- 


193 


194 
204-210 
211 
205210,218 
192 
205-210, 218 
211.310 
2121217,312 
218 
205-210,218 


219 
220 
221 


222 


223 
224 


192 
193 
193 
219 
2 19 


225 
192 
193 
219 


195 


192 
193 
226, 227 


192 
193 
2 2 8 - 2 3 2 
192 
90 
233 
234 
193 
192 
192 
193 
225 
91 
194 
194 
193 
193 
201 


235, 236 
219 
196 


196 


193 


219 
194 
194 
193 
91, 193 
192 


228-232 


- 


Lycorine (CXXVII) 
Hordenine (VI) 
Lycorine 


Lycorine 
Hordenine 
Tyramine (IX) 


Lycorine 


- 


- 


Ellagic acid (CXXXIII) 
- 


Total alkaloids 
Reserpine (LXXXIX) 


See also Plumeria 
rubra f. acutifolia 
- 
- 
- 
- 
- 
- 


(continued) 
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Table IV-(Continued) 


Type of Plant 
Plant Namea Activity* Part" Reference Active Coqstituent(s) 


Rauuolfia uomitoria 


Strophanthus sp. 
Tabernanthe iboga 
Theuetia nereifolia 
Theuetia peruuiana 


Vallaris solanacea 
Vinca erecta 


Vinca major 


Araceae 
Acorus calamus 


Arnorphophallus carnpanulatus 


Cyrtosperma griffithii 
Cyrtosperma merkusii 
Dieffenbachia seguine 
Dracontiurn polyphyllum 


Dracunculus uulgaris 
Lasia merkusii 
Scindapsus officinalis 


Cussonia arborea 
Hedera arborea 
Hedera helix 


Aristolochiaceae 


Araliaceae 


Aristolochia sp. 
Aristolochia bracteata 


Aristolochia clematitis 


Aristolochia indica 


Aristolochia rotunda 


Asclepiadaceae 
Asclepias tuberosa 
Calotropis gigantea 


Calotropis procera 


Chlorocodon uihitrlii 
Daemia extensa 


Gymnema syluestre 


Omphalogonus nigritanus 
Pergularia extensa 


Tylophora asthmatica 
Xysmalobium undulaturn 


U RT 
I RT 
I RT 


- I 
A LF 
E LF 


- 
- I 


I 
I 
See Theuetia peruuiana 
A SD 
A SD, PL  
E SD 
U - 
I 


- 


- 


- I 
I 
A 
A 
I 


A 
E RZ 
A - 


- 
- 


R T  
- 


- 


_ _  
E RT 
See Cyrtosperma merkusii 
A SP 
U LS 
A 
E PL 
E PL 
See Cyrtosperma merkusii 
E FR 


- 


E RT 
See Hedera helix 
E EX 
E LF 


l 
- A 


E PL 
RZ E 


U - 
- I 
- A 


A RT, PL 
A RT 


- I 
E 
I 


U RT 
A LX 
A 
E LX 
U LX 
U T W  
A 
A PL 
E LX 
U RT 
A PL 
A 


LF E 
I 
A LF 
I 
A LF, RT 
A LF  
A 
E LF  
A 
A RT 


RT 
- 


- 


- 


- 


- 


- 


- 


- 


237 


238 
228-232 


239 
194 
194 
228-232 
240-244 
245,246 


192, 193 
194 
193 
247 
248 
249 
250 
257, 258 
25 1 
252,256 
251,254,255 
251 
194 
259 
228-232 


192 
193 
192 
193 


195 
225 
192 
193 
194 


91 


194 


194 
197 


260,261 
192 
193 
197 
262 
260,261 
192 
193 
91 
260,261 
197 
260, 261 


263,264 
2 65 
192 
193 
265,266 
204 
192,267 
192, 194 
193 
268 
194 
192 
90 
269 
194 
270 
196 
196 
192 
196 
192 
194 


Total alkaloids 
Reserpine 
Neoajmaline (ajmaline) 
(XCU 
Corynanthine (LXXXVIII) 
- 


Resemine 
Strophanthin (CXLIII) 
Ibogaine (LXXXIII) 


Thevetin (CXLIV) 
Crude glycosidic mixture 
Alkaloid mixture 
Vincamine (XC) 
Ervamine (LXXXV) 
Vincamine 
Vineridine (XCV) 
Vinervine (LXXXVI) 
- 
- 


Reserpine 


Aristolochic acid (CL) 
- 
- 
- 
- 


Aristolochic acid 
- 


- 


Aristolochic acid 


Aristolochic acid 
- 
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Table IV-(Continued) 


Type of Plant 
Plant Name0 Activityb PartC 


Berberidaceae 
Berberis sp. 


Berberis amurensis 


Berberis aristata 


Berberis lycium 


Berberis thunbergii 


Berberis vulgaris 


Caulophyllum thalictroides 


Caulophyllum thalictroides 
var. robustum 


Epimedium sempervirens 
Leontice alberti 
Nandina domestica 


Betulaceae 


Bignoniaceae 


Bombacaceae 


Betula paltyphylla 


Dolichandrone falcata 


Adansonia digitata 


Bombax malabaricum 


Cordia quarensis 
Heliotropium angiospermum 
Heliotropium indicum 


Boraginaceae 


Toumefortia hirsutissima 


Ananas comosus 
Bmmeliaceae 


Ananas sativus 


Buddlejaceae 


Burseraceae 


Buddleja asiatica 


Balsamodendron mukul 


Balsamodendron myrrha 
Boswellia glabra 


Boswellia serrata 


Commiphora mukul 


Commiphora myrrha 


U 


I 


U 
I 
A 
E 
I 
I 


I 
I 
U 
I 
I 


I 
I 
U 
U 
U 
U 
I 
I 
I 
I 
A 
E 
U 


U 
U 
I 
I 
I 


U 


A 
A 


A 
E 
U 


A 
U 
A 
A 
E 
U 
I 
U 


A 
A 
A 
E 
E 
A 
I 


A 
A 


A 
E 
A 
A 
E 
A 
E 
A 
E 
A 
E 


RT 
- 


RT 


RT, WD 


- 
- 


- 
- 


- 
- 
- 
- 
- 


- 
- 


SB 
LF 
BK 
PL 
- 
- 
- 
- 


RT 
RT 
- 


- 
- 
- 
- 
- 


- 


- 


FR, PL 


FS 
SD 


RT 
LS 
FL 


FL 
RT 


LS 


- 


- 


- 


- 
LF, FR 
FR, JU 
LF, FR 
FR 
LF, FR 
- 


PL 
- 


- 
- 
- 
- 


BA, RA 


VO, GU 


GU, RE 


GU 


- 


- 


- 


Reference Active Constituent(s) 


27 1 


272,274-280 


277 
273 
192 
193 
274-280 
280,281, 
597,599 
282 


283 
274,280 
284 


274-280 


273 
281 
278,285 
286 
287 
288 


284 
273 
28 1 
90 


274-280 


90,289 
283 


283 
290 
274-280 
273 
29 1 


283 


192 
193 


192 
193 
292,293 


194 
294 
193 
192 
193 
295 
296 
294 


192 
193 
194 
193 
194 
193 
297-309 


193 
192 


192 
193 
192 
192 
193 
192 
193 
192 
193 
192 
193 


Uzarine 


Berberine (umbellatine) 
(LII) 


Jatrorrhizine (LIV) 


Berberine 
Palmatine (LV) 


Berberine (umbellatine) 
Erysotrine (CXXm) 


Be r b e ri n e 
Columbamine 
(isocorwalmine) (LIII) 
Jatrorrhizine 
Palmatine 
Total alkaloids 


- 


- 
- 


- 


- 


- 


Berberine 
Columbamine 
Jatrorrhizine 
Palmatine 
- 


- 


Alkaloid mixture 
Berberine 
Jatrorrhizine 
Nandinine (XLIX) 


- 
- 
- 
- 
- 
- 


Retrornecine (LXXIII) 
- 


5-Hydroxytryptamine 
(LXXVII) 


See also Commiphora mukul 


See also Commiphora myrrha 
- 


- 
- 
- 
- 
- 
- 
- 
- 


(continued) 
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Table I V 4 C o n t i n u e d )  


Type of Plant 
Plant Name0 Activity* PartC Reference Active Constituent(s) 


Cactaceae 
Harrisia gracillis 
Lophophora williamsii 


Calycanthaceae 


Cannabaceae 
Calycanthus sp. 


Cannabis sativa 


Capparidaceae 
Cadaba farinosa 


Cadaba indica 
Cadaba trifoliata 


Capparis aphylla 
Capparis decidua 


Capparis spinosa 


Crataeva religiosa 
Crataeva tapia 
Gynandropsis gynandra 
Gynandropsis pentaphylla 


Viburnum foetidum 
Caprifoliaceae 


Caricaceae 
Carica papaya 


Caryophyllaceae 
Lychnis miqueliana 
Silene gallica var. 


quinquevulnesea 


Casuarina equisetifolia 


Celastrus paniculatus 


Casuarinaceae 


Celastraceae 


Euonymus cannabinum 
Maytenus senegalensis 


Chenopodiaceae 
Beta vulgaris 


Chenopodium am brosioides 


U LS 
PL I 


I 
I 


I 


- 
- 
- 


- A 
A SD 
E PL - 


- U 
I 


- A 
E LF, RT 
E LF 
See Cadaba farinosa - A 
E RT, LF 
See Capparis decidua 
A 
E 
I 


A 
E 
E 
U 
A 
A 


A 
E 
U 


A 


A 
E 


I 


U 
U 


A 


A 
A 
E 
A 
A 


A 
E 


E 
A 
A 
E 


- 
PL 


RB 
LF 
LF 
LF 


- 


- 


- 
PL 
LF 


FR, LX, 
SD 


FR, LX, 
SD 


- 


- 
- 
- 


BK 


BK, LF 


LF 


LF, RT 


SD, RT, 
LF 
LF, RT 
PL 


PL 
LF 


- 


- 


- 


- 


294 
211,310 
311 
212,217, 312 


313 


192 
193 
193 


317 
219,314-316 


192 
193 
194 


192 
193 


192 
193 
192 
193 
194 
219 
194 
3 18 


192 
193 
267 


193 


192 
193 


297-309 


201 
201 


195 


193 
192 
91, 193 
192 
220 


192 
193 


E 
Chenopodium vulvaria E LF 
Ma br im  a m  brosioides See Chenopodium ambrosioides 


AH 193 
- 319 


Salicornia brachiata E 
Salsola arbuscula I 


20 1 Chloranthus serratus U 


Cochlospermum insigne U SB 219 
Cochlospermum tinctorium E RT, ST 193 
Cochlospermum uitifolium U SB 219 


Combretum gueinzii A RT 194 
Terminalia bellerica U FR 320 
Terminalia catappa U LS 294 
Terminalia chebula U - 32 1 
Terminalia iuorensis I - 322 


Aneilema conspicuum A - 192 
E PL 193 


Aneilema lineolaturn A PL 193 


Chloranthaceae 


Cochlospermaceae 
- 


Combretaceae 


Commelinaceae 


194 
194 
192 
193 
194, 197 
194 


- 
Horde n i n e 
Mescaline (VII) 
Tyramine 


Calycanthine (CXIX) 


- 
- 
- 
- 
Nicotine (X) 


5-Hydroxytryptamine 


- 
Salsoline (XVII) 


- 
- 
- 
- 
Ellagic acid (CXXXIII) 


- 
- 


See also Murdannia elata 


558 1 Journal of Pharmaceutical Sciences 







Table IV-( Continued) 


Type of Plant 
Plant Namea Activityb Part' Fkference Active Constituent(s) 


Murdannia elata 


Achillea millefolium 
Compositae 


Anthemis nobilis 


Anthemis tinctoria 
Arctium lappa 
Arnica sp. 
Artemisia sp. 
Artemisia abrotanum 


Artemisia absinthium 


Artemisia pontica 
Artemisia siuersiana 


Artemisia vulgaris 


Atractylis lanatus 
Atractylodes lancea 
Baccharis articulata 
Balsamita major 
Balsamita suaveolens 
Balsamita uulgaris 
Bidens pilosa 
Blumea balsamifera 


Blumea eriantha 


Blumea lacera 


Calcitrapa stellata 
Calendula arvensis 


Calendula officinalis 


Carduus marianus 
Carduus stellatus 
Carthamus lanutus 
Carthamus maculatus 
Carthamus tinctorius 


Centaurea calcitrapa 
Centaurea centaurium 
Centaurea cyanus 


Centaurium majus 
Centipeda orbicularis 
Chamaemelum tinctorium 
Chamomilla mbilis 
Chrysanthemum indicum 


Chrysanthemum leucanthemum 
Chrysanthemum parthenium 
Chrysanthemum sinense 


Chrysanthemum tanacetum 
Chrysanthemum uulgare 
Cichorium intybus 


Conyza squarmsa 
Conyyza vulgaris 
Costus hortensis 
Cota tinctoria 


A 


A 
E 


E 
A 
E 
E 
E 
U 
U 
H 
E 


E 
H 
E 
A 
E 
A 
A 
E 


E 
E 


PL 


FL, PL, u 
FL, LF 


vo 
PL 
FL, LF 


- 


- 


- 
- 
- 
LF, FL, 
SD 
LF, FL 


LF, FL 


PL 
PL 


PL, LF, 
FL 
PL 
LF, RT, 
FL 


- 


- 


- 


- U 
See Carthamus lanutus 
U 
U 
See Tanucetum balsamita 
See Tanucetum balsamita 
See Tanaceturn balsamita 
A 
A 


LF E 
A 
E PL 


- 
- 


- 
- 
- 


- A 
E PL - 
See Centaurea calcitrapn 
A - _ _  
E FL 
E 
A 
E PL 


LF, FL 
- 


E FL - 
See Silybum marianum 
See Centaurea calcitrapa 
E LF, FL 
See Silvbum marianum - A I. 


E FL 
E RT, FL 
E RT 
~~ - A 
E FL 
See Centaurea centaurium 
A 
See Anthemis tinctoria 
See Anthemis nobilis 
A 


- 


- 
~~ 


E FL 
E PL 
E PL 
E PL 


- I 
See Tanaceturn vulgare 
See Tanucetum vulgare 
A 
E PL 
E SD 
E RT 
See h u l a  conyza 
See Znula conyza 
See Tanucetum balsamita 
See Anthemis tinctoria 


- 


193 


192 
193 


193 
192 
193 
197 
197 
201 
324 
325 
197 


197 
326 
197 
192 
193 
193 
192 
193 


323 
197 


265 


201 
327 


318 
192 
193 
192 
193 
192 
193 


192 
193 
197 
192 
197 
193,323 


197 


192 
193 
197 
197 
192 
193 


192 


192 
193 
197 
197 
194 
328 


192 
193 
194 
323 


- 
- 
- 
- 


Stachydrine (CXIV) 


~ _ _ _ _ _ _  


(continued) 
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Table IV-(Continued) 


Plant Nameo 


~~ 


Type of Plant 
Activity” Part“ Reference Active Constituent(s) 


Cotula sp. 


Dichrocephala 


Doronicum pardalianches 
Echinops echinatus 
Eriocoma floribunda 
Ethulia conyzoides 
Eupatoriurn cannabinum 


chrysanthemifolia 


Eupatoriurn odoraturn 
Gazania pinnata 
Glossocarida bosuallea 


Glossocardia l inearifoh 
Grangea maderaspatana 


Gutierrezia rnicrocephala 
Helianthus annuus 


Hentrophyllum lanatum 
Inula conyza 
h u l a  graueolens 
Znula squarrosa 
Leucanthernun partheniurn 
Leucanthemurn uulgare 
Leuzea cartharnoides 
Matricaria charnornilla 
Matricaria partheniurn 
Melanthera scandens 
Microglossa pyrifolia 
Montanoa tornentosa 


Ormenis nobilis 
Petasites sp.  


Pet asi t es officinal is 


Porophyllum lencosperrnum 
Pyrethrum indicurn 


Pyrethrum parthrnzum 
Pyrethrum tanacetum 
Pyrethrum urn belliferurn 


Pyrethrum uulgare 
Santolina chamaec.ypari.ssus 


Santolina incana 
Saussurea lappa 


Senecio sp. 


Senecio sceleratus 


Senecio spartioides 
Senecio uulgaris 


Sieges beckia orientalis 


Silyburn rnarianurn 


Sonchus asper 


E RZ 
A RT 
U 
A 
A 


RT 
- .. 


E PL 
E FL, RZ, 


LF 
- A 


E LF, FL 
- A 


E PL 
See Glossocardia bosuallea 
A 
E RT, LF 
U FR 
U LF 
U 
A 


- 


- 
- 


192 
193 
194 


197 
193 
329 
222 
192 
193 
197 


192 
194 
192 
193 


192 
193 
330 
267 
200 
192 
193 


197 
194 


- 
- 
- 
- 


Crude saponin mixture 
- 
- 


See Inula conyza 
See Chrysanthernurn partheniurn 
See Chrysanthernurn lwcanthernurn 
U 32 1 ~ 


E PL 197 
See ChrysanthPrnurn parthmiurn 
A LF 194 
A PL 194, 233 
A - 90, 332 


332 E 
See Anthcirnis nobilis 
I ~ 333 
I 333 
E RZ, LF, 197 


- 


~ 


FT . 
- I  


E RT 334 
A RT 193 


192 - A 
See Chrysanthcrnum parthcniurn 
See Tarzacctum balsarnita 
A 192 
A PL 193 
See Tanaceturn uulgare 
E LF, FL, 197 


See Santolina charnaec.yparissus 
192 A 


E RT 91,193 
I - 50 1-503 
I 333 


333 I 
333 I 


~ 


SD 
- 


- 


- 
- 
- 1 333, 335 


333 
333 
333 
333 


333 
333 
333 
333 
194, 197 
333 
333 
336 
333 
333 
192 


Platyphylline (LXVIII) 
Senecionine (LXX) 
- 


- 


Cytisine (XLII) 
Integerrimine (LXVI) 
Longilobine (LXX) 
Platyphylline (LXVIII) 


E PI. i93 


Pterophinee 
Retrornecine (LXXIII) 
Riddelliine (LXIX) 
Senecionine (LXX) 
Seneciphylline (jacobine) 
(LXXI) 
Spartioidine (LXXII) 
Isatidine (LXVII) 
Sceleratine (LXV) 
Spartioidine 


Jacobine (seneciphylline) 
Pla typhylline 
Senecinee 
Senecionine 
Seneciphylline (jacobine) 


- 


- 
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Table IV-(Continued) 


Typeol' Plant 
Plant Namec1 Activity" Part'' Rel'erence Active Constituent(s) 


Sphaeranthus sp.  
Sphaeranthus indicus 


Spilanthes acrnella 
Spina alba-hortensis 
Tagetes rninuta 
Tanaceturn sp. 
Tanaceturn balsarnita 
Tanaceturn uulgare 


Tithonia diuersifolia 
Tussilago farfara 


Tussilago hybrida 
Tussilago petasites 
Vernonia coryrn bosa 


Conuoluulus bidentatus 
Conuoluulus ulosepalus 
Cuscuta chinensis 
Cuscuta reflexa 


Convolvulaceae 


Exogoniurn purga 
Ipornoea violacea 


Operculina macrocarpa 
Riuea coryrn bosa 


Coriaria japonica 


Crassula sp. 


Anastatica hierochuntica 


Brassica alba 
Brassica cernua 
Brassica juncea 
Brassica nigra 
Capsella bursa-pastoris 


Coriariaceae 


Crassulaceae 


Cruciferae 


Cheiranthus cheiri 


Lepidiurn satiuum 


Matthiola incana 


Matthiola tristis 


Matthiola uaria 
Nasturtium fontanurn 
Nasturtium officinale 


Raphanus satiuus 


Sisym brium cardamirne 
Sisyrnbriurn nasturtium 


Citrullus colocynthis 
Cucurbitaceae 


Cucumis trigonus 


Cucurbita foetidissima 
Gymnopetalum cochinchinensia 


Luffa acutangula 
Luffa acutangula var. arnara 
Luffa cylindrica 


A PL 
A 
E PL 
IJ 


- 


- 
- A 


See Silybum rnarianurn 
E LF 


- A 
E LF, FL 
E - 


E PL 
E FL, LF  
U vo 
U LS 
A RT. LF 


- A 
See Petasites officinalis 
See Petasites officinalis 
A BU 
E BU 


A PL 
A PL 
A 
A 


- 
- 


U T 1 J  
U SI) 


I 


A RT 


A 
A PI, 
A 
U 
E 
A 
A PL 
A 
E PL 
E RT 
U 
I 
A 


FL E 
A 


SD A 
A 


LF E 
A 
E LF 
E LF 
See Nasturtium officinale 
A 
A PL 
E PI, 


- 


- 


- 
- 


- 
- 


- 


- 
- 
- 


- 


- 


- 


- 


A 
E SD, LF 
E SD 


- 


See Nasturtium olficinale 
See Nasturtium officinale 


- A 
A R T  
E RT 
A R T  
A 
U 
A PL 
A 
A 
A RE3 
U LS 


- 
- 


- 


- 


194 
192 
193 
337 
318 


194 
192 
197 
338 
193 
197 
339d 
294 
193 
192 


194 
194 


194 
194 
204 
192 
193 
193 
340 
84 1 


219 
34 1 


322 


194 


192 
193 
192 
20 1 
193 
192 
192 
194 
90, 194 
197 
342 
212,217,312 
192 
193 
192 
91, 193, 194 
192 
193 
192 
193 
193 


192 
90, 194 
90, 194, 197 
192 
323 
193. 194 


192 
193 
194 
193 
192 
343 
193 
192 
192 
193 
294 


Alkaloid fraction (ergonovine) 
(XCIII) 
- 


Alkaloid fraction (ergonovine) 


Ellagic acid 


- 


(continued) 
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Table IV-(Continued) 


Typeof Plant 
Activit9 Partr Reference Active Constituent(s) Plant Name" 


Luffu echinata 


Luffa operculata 
Momordica balsamina 


Momordica cabrei 


Momordica charantia 


193 
192 
219 
194 


344 


193 


192 
194 
193 


A RB 
- A 


U FR 
A RT, FR, 


SD 
U FR, BR, 


RT 
A PL, RT, 


JU 
- A 


A RT 
E PL, RT, 


See Momordica tuberosa 
JU 


Momordica cym balaria 
Momordica foetida 
Momordica tuberosa 


Tnchosanthes bracteata 
Trichosanthes cucumerina 


318 
193 
192 
193 
193 
192 
193 


219 


345 
193 
192 
193 


197 
346 


- A 
A TR 


- A 
A FR 


LS A 
A 
E LS 
See Trichosanthes bracteata 
U 


U vo vo A 
A 


- 


- 


- 


Trichosanthes palmata 
Wilbrandia sp. 


Juniperus sp. 
Juniperus communis 


Cupressaceae 


~~ 


E ST, VO, 


E 
U 
U 
H 


FR 
LF 


vo 
- 


- 


Juniperus sabina 


347-349,919 
350-353 
354 
355,356 
355 


Thuja occidentalis 


Cyperaceae 
Carex breuicollis 


Cyperus canesceus 
Cyperus longus 


Cyperus rotundus 


357-361 
362,398 
192 
192 
193 
192 
193 
194 
194 
192, 193 


197 


Brevicolline (LXXIX) 
Harman 
- 
- 
- 
- 
- 
- 
- 
- 


A Tu 
A Tu 
E RT, TU 
E RT Cyperus scariosus 


Scabiosa succisa 
Succisa pratensis 
Succisa scabiosa 


Dipterocarpaceae 
Vateria indica 


Ebenaceae 
Diospyros tricolor 


Ephedra uulgaris 


Dipsacaceae 


Ephedraceae 


E Rz, PX 
See Scabiosa succisa 
See Scabiosa succisa 


A 


U 
I 


U 
I 
I 


U 


A 


- 


- 
- 


- 
- 
- 


- 


- 


192 


363 
363 


- 


Uncharacterized quinonee 


Ephedrine 
Pseudoephedrine (VIII) 


- 364 
364-380 
381 


201 


192 
193 


317,798-800 


397 


382-396 


Ericaceae 


Erythroxylaceae 
Ledum palustre var. nipponicum 


Erythroxylum coca 
~~ 


E LF 
I LF 
I LF 


- 


Cocaine (XIII) 
Nicotine 


Lyonia oualifolia 
var. elliptila 


Acalypha indica 


Acalypha petiolaris 
Antidesma ghaesaem billa 


Croton linearis 
Croton tiglium 


Euphorbia atoto 


Euphorbiaceae 


- I Lyoniol A (lyoniatoxin) 
(CXL) 


- A 
E 
A RT 
A 
E WD 
U LS 
A RT, SO 
A 
A JU 


- 


- 


- 


192 
193 
194 
192 
193 
225 
193 
192 
193 
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Table IV-(Continued) 


Typeof Plant 
Plant Name0 Activityb PartC Reference Active Constituent(s) 


Euphorbia lathyris 
Euphorbia pilulifera 
Euphorbia resinifera 


Euphorbia restituta 
Euphorbia tirucalli 


Excoecaria agallocha 


Jatropha glandulifera 


Jatropha multifida 


Mildbraedia fallax 
Phyllanthus urinaria 


Ricinus communis 


Tragia inuolucrata 


Gentiana kurroa 
Gentianaceae 


Geraniaceae 
Erodium sp. 
Erodium cicutarium 


Pelargonium fumarioides 
Pelargonium reniforme 
Sarcocaulon sp. 


Andropogon iwarancusa 
Andropogon monticola 
Andropogon muricatus 
Andropogon schoenanthus 
Andropogon sorghum 
Arundo donax 


Gramineae 


Bam busa arundinacea 
Bambusa bambos 
Brachiaria purpurascens 
Coix lacryma-]obi var. 


frumentacea 
Cymbopogon citratus 
Cymbopogon iwarancusa 


Cymbopogon nardus 
Dendrocalamus strictus 


Eleusine indica 
Eriocoma floribunda 


Lolium temulentum 


Panicum sp. 
Panicum maximum 
Vetiveria zizanioides 


Garcinia morella 


Hypericum perforatum 


Guttiferae 


Mesua ferrea 


Ochrocarpus longifolius 
Halorrhagidaceae 


Gunnera perpensa 
Iridaceae 


Crocus sativus 


A 
I 
U 
A 
A 
A 
A 
A 
A 
A 
A 
E 
A 
E 
E 
A 
A 
E 
A 
E 


E 
U 
I 
H 
A 


A 
E 


I 
A 
U 
A 
E 
A 


A 
A 
A 
E 
I 
A 
E 
I 


E 
A 
U 
I 


U 
A 
E 
E 
A 
A 
A 
A 
U 
E 
U 
I 
U 
E 


A 
A 
A 
E 
U 
A 
E 
A 


A 


A 
E 


- 
- 
- 
PL 


JU 


LX 


LF 


so 
PL 


PL 
PL 


LF, SO, 
SD 
LF 
LS 


so 


- 
- 


- 


- 
- 


- 


- 


- 


- 


- 


- 
PL 


PL 


PL 
PL 
PL 


- 


- 


- 
- 
- 
PL 


RZ 


LF 


- 
- 


- 


- 
- 
- 


- 
- 
PL 
PL 
LF 


LF, JU  
PL 


FR 


LS 
RT, RZ 


GU, RE 


PL 
LF 


PL 


RT 


- 


- 
- 
- 


- 


- 


- 
- 


- 
- 


192 
398 
399 
193 
192 
194 
193 
192 
193 
192 
192 
193 
192 
193 
194 
192 
193,194 
194 
192 
193 


194 
294 
400 
401-409 
204 


192 
193 


212,217,312 
194 
410 
194 
194 
194 


192 
192 
192 
194 
211,310 
192 
193,197,411 
412,413 


193 
192 
414 
415 


201 
192 
193 
194 
193 
192 
194 
416 
416 
197 
201 
211,310 
294 
193 


192 
193 
192 
193,323 
267 
192 
193 
192 


194 


192 
323,417 


- 
- 
Ricine 
Castor oil - 


- 
- 


See also Vetiueria zizanioides 


Hordenine 
- 
- 
- 
Gramine (=  donaxine) 
(LXXVI) 


- 
Palmitic acid (CLIV) 


- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
Hordenine 
- 
- 


(continued) 
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Table IV-( Continued) 


Plant Namea 
Typeof Plant 


Activitv* PartC Reference 


Iris foetidissima 
Iris germanica 
Iris sisyrinchium 
Spatula foetida 


Ajuga geneuensis 
Ballota foetida 
Ballota nigra 
Calaminta climpodium 
Cataria vulgaris 
Ciinopodium uulgare 
Coleus sp. 
Coleus barbatus 
Coleus kilimandscharica 
Fuerstia africana 
Hedemoa pulegioides 


Hyptis pectinata 


Hyssopus officinalis 


Labiatae 


Hyssopus vulgaris 
Iboza riparia 
Lagochilus sp. 
Lagochilus inebrians 
Lamium sp. 
Lamiurn album 
Lauandula stoechas 


Leonotis nepetaefolia 


Leonurus cardiaca 


Leonurus rubiastrum 
Leonurus sibiricus 


Leucas cephalotes 


Leucas stelligera 


Marrubium nigrum 
Marrubium uulgare 


Melissa graueolens 
Melissa officinalis 
Mentha aruensis 


Mentha piperita 
Mentha pulegium 


Nepeta cataria 


Nepeta vulgaris 
Ocimum basilicum 


Ocimum sanctum 
Origanum amaracus 
Origanum dictamnus 
Origanum uulgare 


Orthosiphon pallidus 
Rosmarinus officinalis 


Salvia sp. 
Salvia officinalis 


Salvia plebeia 


Salvia sclarea 
Stachys aquatica 
Stachys betonicaefolia 
Stachys lanata 


Stachys palustris 


SG, SL 
- 


E 
H 
U 
E RZ 
U RT 
U SD 
See Iris foetidissima 


I 


- 


- 
See Ballota nigra 
E LF, FL 
See Clinopodium uulgare 
See Nepeta cataria 
E LF. FL 


See Ballota nigra 
E LF, FL 
See Clinopodium uulgare 
See Nepeta cataria 
E LF. FL 
A LF 
E PL 


194,423 
194 
424 
425d 


193 
410 
419 
197 
420 
421 


422 


197 


197 
194 
194 


- A 
E PL 
A 
E LF, PL 
E LF 
See Hyssopus officinalis 
U 
U 
I 
I 
E 
A 
E 
A 
E 
U 
I 
I 
U 


LF I 
I 
A 
E PL 


- 


- 
- 
- 
- 


PL 


PL 


PL 


- 


- 


- 
- 
- 
- 


- 
- 


- A 
E PL 
See Ballota nigra 
A - 
E PL 
U - 
See Melissa officinalis 
E LF, FL 


A - 
E LF, FL 
See Nepeta cataria 
A 
E PL 


- 


- A 
E 
E LF, FL 


- A 
PL E 


U 
A 
A FL 
E LF 


- 
- 


- A 
E LF 
A SD 


- A 
E LF, FL 
See Stachys palustris TJ - 


192 
193 
192 
193 
197,323 


201 
426 
328 
212.217.312 
197' 
192 
193 ~. . 


192 
193 
427 
428 
328 
427 
429 
420 
192 
193 
192 
193 


192 
197 
430 


197 
192 
193 
197 
194 
194 
318 
192, 193,197 


204 
192, 193 
204 
197 
197 
192 
193 
43 1 
192 
194 
323 
192 
193 
193 
192 
194 


432,433 
434 
328 


Active Constituent(s) 


- 
Stachydrine (CXIV) 
Tyramine - 


- 
K ions (?) 
Leonurinee 
Stachydrine 
K ions 
Uncharacterized alkaloid 
Leonurinee 
- 


- 
- 
Stachydrine 
- 192 
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Table IV-(Continued) 


Typeof Plant 
Plant Namea Activityb Partr Reference Active Constituent(s) 


Stachys sylvatica 


Teucrium polium 
Thymus  durius 
Thymus  serpyllum 


Thymus  vulgaris 
Ziziphora tenuior 


Cinnamomum camphora 
Lauraceae 


Cinnamomum cassia 


Cinnamomum tamala 
Cinnamomum zeylanicum 
Laurus nobilis 


Persea sp. 
Persea americana 


Persea gratissima 


Com bretodendron africanum 


A brus precatorius 


Lecythidaceae 


Leguminosae 


Acacia sp. 


Acacia nilotica 
Acacia rugata 
Aeschynomene leptophylla 
Albizia sp. 
Albizia adianthifolia 
Albizia chinensis 


Albizia grandibracteata 


Albizia gummifera 


Albizia lebbeck 
Anagyris foetida 


Astragalus hamosus 


Bauhinia gapini 
Bauhinia retusa 


Butea frondosa 
Butea monosperma 


Caesalpinia bonduc 
Caesalpinia crista 


Caesalpinia jayabo 


Caesalpinia nuga 
Caesalpinia pulcherrima 


Caesalpinia sappan 


E PL 
E LF, FL 


- I 
A - 
E PL 
U 
1 


- 
- 


A 
A 
E 
E 
A 
E 


A 
A 
E 
I 
A 
A 
E 
A 
E 
A 
E 
I 
E 
I 
E 
I 


U 


A 
A 
E 
A 
I 
I 
I 
E 
A 
A 
I 
U 
A 
U 
U 
U 
U 
U 
U 
I 
A 
E 
I 


A 
E 
U 


u - 
See Thymus  vulgaris 


PL 
- 


PL 
PL 


PL 


PL 


- 


- 
- 
- 
BK 


BK 


vo 
FR, LF 


FP 


LF 


- 


- 


- 


- 


- 


- 


- 


SD 


SD 
WD 


- 


- 
- 
- 
LF 


LF 


RT 
PL 


BK 


BK 


BK 


BK, SD m 


- 


- 


- 


- 


- 


- 


- 


- 


PL 
LS 
- A 


E GU 
See Butea monosperma 


- A 
E FL 


FL E 
A 
E LF, BK 


- 


- A 
E LF 
See Caesalpinia crista 


- A 
A LF, SD 
E LF, BK, 


PL 
- A 


193 
194 
328 
192 
193 
435 
328 
436 


194 
192 
193 
194, 197 
192 
193 


194 
192 
193 
437 
193 
192 
193 
192 
193 
192 
193 
212,217,312 
194 
297-309 
197 
297-309 


438 


193 
192 
91 
194 
211,310 


212,217,312 
317,798-800 


194 
192 
233 
439 
440 
194 
441 
440 
441 
440 
44 1 
440 
442,443 
91 
197 
250-2529 
381,385,444-493 
192 
193 
294 
192 
193 


192 
193 
194 
192 
193 
192 
193 


192 
194 
193 


192 


- 
- 


Stachydrine 
- 
- 
- 


Stachydrine 
- 


- 
Camphor (CXXXVII) 
- 


- 
Tyramine 


5-Hydroxytryptamine 


5-Hydroxytryptamine 


- 


- 


- 
Hordenine 
Nicotine 
Tyramine 
- 


- 


Albitocine 
Saponin glycoside (?) 


Saponin glycoside (?) 


Saponin glycoside (?) 


Saponin glycoside (?) 
Alhitocine 


- 
- 


- 


- 


- 
- 
Sparteine (XL) 


(continued) 
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Table IV-(Con.tinued) 


Typeof Plant 
Plant Namea Activity* Partc Reference Active Constituent(s) 


Caesalpinia sepiaria 
Cassia absus 


Cassia didymobotrya 
Cassia fistula 
Cassia lanceolata 


Cassia occidentalis 
Cassia tora 
Cicer arietinum 


Crotalaria incana 


Crotalaria juncea 


Crotalaria spectabilis 
Cytisus sp. 


Cytisus laburnum 


Cytisus scoparius 


Dalbergia ferruginea 


Erythrophleurn guineense 


Genista sp. 


Genista tinctoria 


Glycyrrhiza sp. 
Glycyrrhiza glabra 


Indigofera linifolia 
Indigofera suffruticosa 
Lespedeza bicolor var. 


laponica 


Leucaena glauca 


Lupinus sp. 


Lupinus albus 


Lupinus perennis 


Lupinus westianus 


E 
A 
I 
I 
A 
A 
A 
A 
U 
I 
A 
A 
A 
I 
A 
A 
E 
E 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 


I 
H 


A 
E 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


U 
I 
I 
I 
U 
A 
E 
A 
A 
U 
I 


I 


I 


A 
E 
I 
I 
I 
I 
I 


I 
U 
I 
I 
I 


I 


I 
I 


194 
192 
494-498 
499 
318 
91 
192 
193 
225 
500 
192 
193 
318 
333 
192 
91 
91 
193 
333 
333 
333 
501-503 
504 
212. 217.312 
501-503' 
250, 252, 361, 
385,444,493 


250, 252, 361, 


212,217,312 
250-252, 361, 
385,444-493 
90 
90 
869 
869,870 
869 
869,870 


501-503 


385,444-493 


869-872 
869,870 
F17n 
561-503 
867,868 
250,252, 361, 
385.444-493 
873' 
873 
501-503 
876,878,879 
20 1 
192 
193,323 
192 
332 
201 
874 


874 


874 


192 
194 
875 
875 
876 
504 
250, 252, 361, 


504 
877 
875 
876,878,879 
250, 252, 361, 


875 


875 
876,878,879 


385,444-493 


385,444-493 


- 
- 
Chaksine (CXW) 
Erysotrine (CXXIII) 
- 


- 
- 
Uncharacterized principle 
- 


- 


Integerrimine (LXVI) 
- 


- 
Riddelliine (LXIX) 
Senecionine 
Monocrotaline (LXIV) 
Cytisine (XLII) 
D-Lupanine (XXXVI) 
Tyramine 
Cytisine 
Sparteine 


Cytisine 
Sparteine 


Tyramine 
Sparteine 


- 
Coumingidine (CVI) 
Coumingine ( C W )  
Cassaidine (CIV) 
Cassaine (CV) 
Erythrophleinee 
Homophleinee 
Norcassaidine (CVIII) 
Cytisine 
Retamine (XXXIX) 
Sparteine 


Sugar-like principlee 
Cytisine 
D-Lupanine (XXXVI) 


N, N-Dimethyltryptamine 
N, ~JAXXIV) N-Dimethvltrwtamine 


N-oxide (LXXVj - 
5-Methoxy-N, N-dirnethyl- 
tryptamine - (LXXVIII) 


17-Hydroxylupanine (XXXV) 
Lupamine N-oxide (XXXVII) 
17-Oxolupanine (XXXVIII) 
Lupinine (XLIII) 
Sparteine 


Trilupine (XLI) 


17-Hydroxylupanine 
D-Lupanine (XXXVI) 
Sparteine 


- 


- 


13-Hydroxylupanine 
(XXXIV) 
17-Hydroxylupanine 
D-Lupanine 
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Table IV-(Continued) 


Typeof Plant 
Plant Namea Activitp Partc Reference Active Constituent(s) 


Maackia amurensis 


Medicago sativa var. italica 


Mucuna cylindrosperma 
Mucuna pruriens 


Mucunn prunta 


Physostigma venenosum 


Pisum satiuum 


Pithecellobiurn multiflorum 
Poinciana pulcherrima 
Rhynchosin minima 


Saraca indica 


Sarcococca saligna 
Sesbania aegyptiaca 


Ses bania ses ban 
Smirnovia turkestann 


Spartium junceum 


Sphaerophysa salsula 
Sutherlandia microphylla 
Swartzia madagascariensis 
Tamarindus indica 
Tephrosia lupinifolio 
Tephrosin piscatoria 
Trachylo bium hornemannianum 


Trigonella foenum-graecurn 


Urnria lagopoides 


Liliaceae 
Agapanthus africanus 
Aletns farinosa 
Allium cepa 


Allium fistulosum 
A llium kurrat 
Allium sativum 


A llium schoenoprasum 


Aloe sp. 
Aloe barbadensis 


Aloe capensis 
Aloe ferox 
Aloe littoralis 
Aloe pertyi 
Aloe Vera 
Asparagus acutifolia 
Asparagus officinalis 


I 


U 
I 
U 
I 
I 
A 
I 
I 


I 


I 


I 
A 
E 
I 
I 
U 
I 
U 
A 
A 
A 
A 
E 
I 
I 
A 
E 
E 
I 
I 
I 


U 
I 
I 
E 
A 
A 
A 
I 
A 
E 
A 
E 
E 
U 
A 
A 
U 


A 
U 
A 
E 
U 
U 
U 
A 
E 
U 
A 
E 
H 
A 
E 
U 
A 
E 
A 
See Aloe barbadensis 
E 
A 
E FR, PL 


- 
- 


- 


BK 
- 
- 
- 
- 
- 
LF 
LF 


LF 


LF 


- 
- 
RT 


SD 
SD 


GA, SB 


LF 


BK 


- 


- 
- 
- 


- 


- 
- 
- 
SD 
SD 
- 
- 
- 


- 
- 
- - 


LF 
SP 


RT 


GU 


PL, SD 
SD 
SD 
PL 


- 


- 
- 


- 


- 
- 
RT 
RZ, RT 


BU, JU 


LF 


BU 
BU 


BU 


PL 


LF 
PL 


- 


- 
- 


- 


- 


-- 
- 
- 


- 


250,252,361, 
385,444,493 
880 
876,818,879 
201 
328 
881,882 
883 
883 
883 


883 


883 


317,798-800 
192,883 
193 
Sai, 882 
881,882 
884 
212.217.312 
219 
192 
192 
193 
192 
193 
885.886 
499 
192 
91 
193 
505 


250, 252, 361, 
385,444-493 
869 
501-503 
505 
194 
194 
192 
194,920 
504 
192 
193 
192 
193 
91 
201,507 
193 
192 
508 


194 
509 
192 
193 
510 
201 
51 1 
192 
193 
510,512,513 
192 
193 
514 
192 
193 
515 
194 
193 
192 


90 
192 
90 


501-503 


Sparteine 


D-Lupanine 


Stachydrine 
Physostigmine (XCII) 
See also Mucunn prurita 
N, N-Dimethyltryptamine 
N, N-Dimethyltryptamine 
N-oxide 
5-Hydroxytryptamine 
(LXXW) 
5-Methoxy-N, N-dimethyl- 
tryptamine (LXXWI) 
Nicotine 


- 


- 


Physostigmine 
Physostigmine 


Tyramine 
- 


- 


- 


Phenolic glycoside 
Erysotrine 
See also Sesbania sesban 
- 


Sphaerophysine 
Cytisine 
Pachycarpine (sparteine) 


Cytisine 
Sphaerop - hysine 


- 


- 
- 


Rotenone 
Rotenone 
- 
- 
- 
- 
- 
- 
- 
- 
- 


(continued) 
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Table IV-(Continued) 


Typeof Plant 
Active Constituent(s) Plant N a m e  ActivitqP Partr Fkference 


Asparagus striatus 
Asphodelus sp. 
Chlorophytum comosum 
Colchicum sp. 
Dipcadi glaucum 
Eriospermum latifolium 
Fritillaria roylei 


Gloriosa superba 


Lilium candidurn 
Lomatophyllum reflexum 
Ornithogalum eckloni 
Urginea indica 


Veratrum sp. 


Linum witatissimum 
Linaceae 


Loganiaceae 
Gelsemium sempervirens 


Strychnos sp. 


Strychnos aculeata 
Strychnos nux-vomica 


Strychnos toxifera 


Otyctanthus occidentalis 
Phoradendron sp.  
Phoradendron rubrum 
Viscum album 


Viscum capense 


Lycopodium sp. 


Loranthaceae 


Lycopodiaceae 


Lycopodium annotinum 


Lycopodium selago 


Lawsonia alba 
Lawsonia inermis 


Lythraceae 


Woodfordia floribunda 


Michelia champaca 
Magnoliaceae 


Malpighiaceae 


Malvaceae 


Byrsonima crassifolia 
Byrsonima sericea 


A belmoschus manihot 
A butilon indicum 


A butilon zanzibaricum 
Gossypiurn sp. 
Gossypiurn arboreum 
Gossypiurn barbadense 


Gossypium herbaceurn 


E 
A 
U 
A 
I 
A 
E 
I 
I 
I 
A 
A 
A 
E 
E 
E 
A 
A 
E 
I 


A 
E 


I 
I 
I 
1 
A 
A 
E 
E 
I 
I 
I 


U 
I 
U 
I 
I 
E 


I 
I 


I 
I 
I 
I 
I 
I 
E 
I 


See Lawsonia inermis 
A - .~ 


A RT 
E BK. FR 
A PL 
E PL 


A - 
E RT, RB 
E RT, FL 


A BK, FL, FR 
U SB 


BK E 
A 
A PL 
A 


LS U 
A 
A 
E 
A 
A PL 
A RB, SD 


- 


- 


- 
- 
- 
- 


194 
194 
516 
194 
517,518 
194 
194 
519 
519 
520,521 
192 
194,204 
91,193 
91,193 
197 
90 
194 
192 
193 
522-524 


192 
193 


525-527 
528 
529-547 
548 
549 
192 
91 
193 
550 
551-558 
548 


225 
312 
225 
559 
312 
194 


560 
560 


560,561 
560 
560,561 
560,561 
317,798-800 
560 
197 
560,561 


192 
193 
193 
194 
194 


192 
193 
91 


90 
219 


193 
318 
194 
318 
225 
204 
562 
562 
192 
194,562 
193 


- 
- 
- 
- 


Colchicine (CXVIII) 
- 
- 


Peimine (verticine) (C) 
Fritillarine (CII) 
Fritiminee 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Veratrine (CI) 


Gelsemicine (XCVI) 
Gelsemine (XCVII) 
d-Tubocurarine (XXXIII) 
Macusine B (LXXXIV) 
- 
- 
- 
- 


Brucine (XCVIII) 
Strychnine (XCIX) 
Macusine B 
- 
Tyramine 


“Cardiac principle” 
Tyramine 


Complanatine (CXI) 
Lycopodium alkaloid L-9 
(lycofawcine) (CXIII) 
Lycopodine (CIX) 
Obscurine (CXII) 
Annotinine (CX) 
Lycopodine 
Nicotine 
Obscurine 


Lycopodine 


- 


- 


- 
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Table IV-(Continued) 


Plant Name0 
Type of Plant 


Activity Partc Reference Active Constituent(s) 


Gossypiwn hirsutum 


Hibiscus manihot 


Hibiscus rosa-sinensis 


Malva moschata 
Urena lobata 


Melastomataceae 


Meliaceae 
Memecylon amplexicaule 


Azadirachta indica 
Cedrela toona 


Melia azadirachta 


Melia azedarach 
Trichilia emetica 


Walsura piscidia 


Anamirta cocculus 
Arcangelisia flava 


Menispermaceae 


Chondodendron sp. 
Cissampelos mucronata 
Cissampelos pareira 


Jateorhiza colum ba 


Menispermum dauricum 


Pycnarrhena manilliensis 
Tinospora bakis 


Molluginaceae 


Moraceae 
Mollugo pentaphylla 


Antiaris toxicaria 
Cecropia carbonaria 
Ficus sycomorus 


Moringa oleifera 
Moringaceae 


Moringa pterygosperma 


Myristica fragrans 


Embelia robusta 
Embelia tsjeriam-cottam 


Myrtus communis 


Boerhaavia coccinea 


Liriosma ovata 


Jasminum multifida 
Jasminum multiflomm 
Jasminum officinale 


Myristicaceae 


Myrsinaceae 


Myrtaceae 


Nyctaginaceae 


Olacaceae 


Oleaceae 


A 
E 
E 
E 
A 
E 
E 
I 
A 


A 
E 
U 
A 
A 


A 


E 
A 
E 
A 


A 
A 
E 
A 
E 


I 
A 
I 
I 
I 
I 
I 
A 
A 
E 
I 
I 


I 
I 
I 
A 
E 
I 


I 


A 


U 
U 
A 


A 
A 
E 
A 
I 


A 
A 


A 
See Embelia robusta 


- A 
E FR 


U RT 


U BK 


A SD 
E RT 


- A 


91 
562 
193,197 
194 
192 
193,562 
562 
297-309 
192 


192 
91,193 
201 
193 
192 


193 


193 
192 
193 
192 


192 
192 
193 
192 
193 


563-566 
567 
224-280 
284 
280-281 
273 


96 
192 
193, 194 
273 
280, 281, 
597,599 
568 
569-574 
575-582 


529-547 


195 
196 
280, 281, 
597,599 
274-280 


192 


583,584 
219 
318 


192 
193 
193 
193,194 
583 


192 
193 


204 


192 
193 


219 


585 


193 
193 
192 


- 
- 
- 
- 
- 
- 
- 
5-Hydroxytryptamine 
See also A belmoschus 
manihot 
- 
- 
- 
- 
- 


- 
- 
- 
See also Azadirachta 
indica 
- 
- 
- 
- 
- 


Picrotoxin (CXXXIX) 


Berberine 
Columbamine 
Palmatine 
Jatrorrhizine 
d-Tu bocurarine 


- 


- 


Jatrorrhizine 
Palmatine 


Dauricine (XXXII) 
Parasinomeninee 
Sinomenine (LXII) 


Palmatine 


Berberine 


- 
- 


See also Moringa oleifera 
Uncharacterized alkaloid 


(continued) 
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Table IV-(Continued) 


Typeof Plant 
Plant Nameu Activity* PartC Reference Active Constituent(s) 


Jasminum ojjicinule var. E PL 


See Jasminum rnultiflorum Jasminum pubescens 
Jasminum sarnbac A 


RT E 
Olea cuspidata A 


E FR 
Phyllyrea latifolia See Phyllyrea media 
Phyllyrea media E LF 


Dendrobium sp. I 


Oxalis acetosella E 


Paeonia emodi U 
Paeonia officinalis E 


grandiflorurn 
- 


- 


Orchidaceae 


Oxalidaceae 


Paeoniaceae . 


Palmae 
Areca catechu 


Cocos nucifera 


Pandams odoratissimus 
Pandanus tectorius 


Adlumia fungosa 


Argemone rnexicana 


Pandanaceae 


Papaveraceae 


Chelidoniurn majus 


Corydalis sp. 


Corydalis arnbigua 


Corydalis incisa 


Corydalis ochotensis 


Corydalis tuberosa 


Furnaria micrantha 
Glauciurn flauurn 


A 
E 
U 
I 
A 


U 
A 


I 
I 
A 
E 
U 
U 
I 
I 
I 
U 
I 
I 
I 
I 
I 


I 
A 
E 
I 
I 
I 
I 


I 
I 
I 
I 
I 


I 


I 
I 
I 
I 
I 


I 
I 
I 


I 
I 


I 
I 
I 
I 


I 
U 
U 
I 


193 


192 
193 
192 
193 


197 


586 


194 


587 
197 


192 
193 
588,589 
590.591 
192 


592 
192 


593,594 
593 
195 
194 
595 
201 
274-280 
596-598 
201,597,599 
20 1 
274,280 
596-598 
597,918 
201,597,599 
250-252. 361. 
385,4441493' 
312 
192 
193 
274-280 
593 
600 
597 


597 
60 1 
597 
597 
280, 281, 
597,599 
602 


597 
602 
602 
602 
280, 281, 
597,599 
597 
597 
280, 281, 
597,599 
597 
603-605 


597 
201.597.599 
597 
597 


597 
848 
606 
596,598 


Dendrobine (CXX) 


- 


Tannin (?) 
Arecoline (XI) 
- 


Adlumine (XIX) 
Bicuculline (XX) 


Total alkaloids 


Berberine 
Chelerythrine (XLIV) 
Protopine (LWI) 


- 
- 


- 


- 


Berberine 
Chelerythrine 
Chelidonine (XLV) 
ProtoDine (LVIII) 
Spartkine 


Tyramine 


Berberine 
Bicuculline 


- 
- 


Corlumine (XXII) 
Capauridine [ ( f )-capaurine] 
(XLW 
Capnoidine (XXI) 
Cularine (CXXI) 
Ochotensine (CXXII) 
Ophiocarpine' (L) 
Palmatine 


Cowdalis alkaloid B 
(tetrahydropalmatine) (LI) 
Adlumine 
Corydalis alkaloid Je 
Corydalis alkaloid Le 
Corydalis alkaloid Me 
Palmatine 


Tetrahydropalmatine 
Adlumidine (XVm) 
Protopine 


Tetrahydropalmatine 
Cryptocavine (cryptopine) 
( L W  
Ochotensine 
Protopine 
Canadine (CXXV) 
Corydaline (XLVIII) 
(Corydalis alkaloid A)  
Tetrahydropalmatine 


Cheleryt hrine 


- 
- 
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Table IV-(Continued) 


Typeof Plant 
Plant Namea Activityb Part' Reference Active Constituent(s) 


Glaucium rubrum 
Hunnemannia fumariaefolia 


Macleaya cordata 


Papauer sp. 


Papauer somniferum 


Sanguinaria canadensis 


Passifloraceae 
Passiflora foetida 


Passiflora incarnata 


Dicerocaryum zangue baricum 
Pedalium murex 


Pedaliaceae 


Sesamum indicum 


Phytolaccaceae 
Petiueria alliaceae 
Phytolacca americana 
Phytolacca decandra 


Pinus longijolia 
Pinus ponderosa 
Pinus rox burghii 


Piper aurantiacum 


Pinaceae 


Piperaceae 


Piper auritum 
Piper betle 
Piper longum 


Piper nigrum 


Plantaginaceae 
Plantago sp . 


Plumbaginaceae 
Plum bag0 capensis 
Plumbago europaea 
Plumbago indica 
Plum bag0 rosea 


Plum bag0 viscosa 
Plumbago zeylanica 


Polygalaceae 
Polygala amara 
Polygala amarella 
Polygala senega 
Polygala teretifolia 
Polygala uliginosa 
Securidaca longepedunculata 


I 
I 
U 
I 
I 
I 
U 
I 
I 
I 
I 


I 
I 
I 


A 
U 
I 
I 
I 


A 
E 
I 
U 
U 
U 


A 
A 
A 
E 
E 
A 
A 
A 
E 
E 


U 
U 
A 
A 


A 
U 
E 


A 
A 
U 
U 
A 
A 
A 
E 
A 
A 


A 


U 
I 
A 
A 
U 
See Plum bag0 zeylanica 
A RT 
A PL 
A - 
I 


E RT 
See Polygala amara 
U 
A PL 
See Polygala amara 
A RB 


- 


- 


597,918 
201,597,599 
606 
274-280 
596-598 
603 
20 1 
596.598 
201; 597,599 
607,849 
607,849,851, 
852.864.865 
607; 865 


609,850,852, 
866 
603 
603 


608,848-863 


274-280 
596-598 
201,597,599 


192 
193 


610 
828 


297-309 


823-826 


194 
194 
192 
193 
194 
194 
193 
192 
193 
194 


294 
201 
611 
194 


192 
612 
193 


193 
192 
613 
225 
204 
91,193 
192 
91. 193 
192 
91, 193, 194 


318 


294 
614,615 
193 
193 
192,616 


193 
194,195 
192 
614,615 


197 


201 
194 


194 


Chelidonine (XLV) 
Protopine 


Berberine 
Chelerythrine 
Hunnemannine (LVII) 


Chelerythrine 
Protopine 
Narcotine (XXIV) 
Thebaine (LXIII) 


Codeine (LX) 
Morphine (LXI) 
Papaverine (XVI) 


Total alkaloids 
Berberine 
Chelerythrine 
Protopine 


- 


- 


- 


- 
5-Hydroxytryptamine 


Harman (LXXXI) 
Harmaline (LXXX) 


- 


See also Pinus rorburghii 
- 
- 


- 
Plumbagin (CXXXVI) 


See also Plumbago indica 
- 


- 


- 
- 
- 
Plumbagin 


(continued) 
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Table IV-(Continued) 


Typeof Plant 
Plant Name" Activity* Partr Reference Active Constituent(s) 


Pol ygonaceae 
Antigonon leptopus 
Fagopyrum cymosum 
Polygonum aviculare 
Polygonum bistorta 
Polygonum hydropiper 


Polygonum senegalense 
Rheum emodi 


Triplaris gardenriana 


Adiantum capillus-veneris 


Adiantum pedatum 


Adiantum uenustum 


Asplenium adiantum-nigrum 


Dryopteris filix-mas 


Pteridium aquilinum 


Portulaca oleracea 
Talinum cunefolium 


Androsale septentrionnlis 
Cyclamen europaeum 
Cyclamen persicum 


Punica granatum 


Polypodiaceae 


Portulacaceae 


Primulaceae 


Punicaceae 


Ranunculaceae 
Anemone obtusiloba 
Clematis hirsuta 
Coptis japonica 


Helleborus niger 


Hydrastis canadensis 


Jateorhiza palmata 


Melanthium sativum 
Nigella sativa 


Pulsatilla sp. 
Ranunculus sp. 
Ranunculus sceleratus 


Thalictrum sp. 


Thalictrum revolutum 


Zizyp hus a byssinica 
Zizyphus joazeiro 
Zizyphus mauritiana 
Zizyphus undulata 


Caryophyllata urbana 
Caryophyllum officinalis 
Geum caryophyllum 
Geum urbanum 
Hagenia abyssinica 


Rhamnaceae 


Rosaceae 


U 
U 
H 
U 
A 
A 
E 
A 
A 
E 
U 


A 
E 
A 
E 
A 
E 
A 
E 
A 
A 
E 


U 
A 


A 
E 
A 
E 


A 
A 
E 
U 


E 
A 
U 
I 
I 
I 


I 


A 
A 
E 
U 
I 
I 
I 
I 
U 
I 


See Nigella satiua 
A 
A SD 


SD E 
U 
I 
A 
E PL 
I 


U 


- 


- 
- 
- 


- 


- 


A RT 
U SB 
U LS 
U SB 


See Geum urbanum 
See Geum urbanum 
See Geum urbanum 
E RZ 
A - 


294 
201 
616 
201 
323 
192 
193 
233 
192 
193 
219 


192 
193 
192 
193 
192 
193 
192 
193 
90 
192 
194 


225 
3 18 


616 
197 
192 
193 


194 
193 
194 
616 


193 
617 
618 


284 
273 


280, 281, 
597,599 
192 
90 
193 
619 
274-280 
597 
620-627 
628-633 
618 
280, 281, 
597,599 


192 
91 
91, 193, 197 
634 


192 
193 
358, 361 


635,636 


220 
219 
294 
219 


274-280 


297-309 


197 
192 


- 


Crude alkaloids 
Berberine 
Columbamine 
Jateorrhizine 
(= jatrorrhizine) 
Palmatine 


Berberine 
Canadine 
Hydrastine (XXILI) 
Hydrastinine (XV) 
Alkaloid extract 
Palmatine 


- 
- 
- 
- 


5-Hydroxytryptamine 
- 
- 


Thalictrimine 
(P-allocryptopine) (LIX) 
Tertiary alkaloids 
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Table IV-(Continued) 


Typeof Plant 
Plant Name" Activity* Partc Reference Active Constituent(s) 


Prunus sp. 


Prunusmnygdalus var. amara 
Prunus amygdalus var. dulcis 
Prunus cerasus 
Prunus mahaleb 


Prunus persica 


b r a c a n t h a  angustifolia 
Rubus moluccanus 
Rubus rigidus 
Rubus rugosus 


Borreria uerticillata 


Cephaelis ipecachuana 
Cinchona calisaya 


Rubiaceae 


Cinchona ledgeriana 
Crossopteryx africanu 
Crossopteryx febrifuga 
Crossopteyx kotschyana 
Diodia barbeyana 
Guettarda angelica 
Mitragyna inermis 


Mitragyna stipulosa 


Dalbergia sisso 


Delonix regia 
Derris chinensis 
Derris elliptica 
Desm odiu m retro f lexu m 


Desmodium tiliaejolium 
Dolichos biflorus 


Dolichos lablab 


Elephantorrhiza sp. 
Entada africana 
Entada phaseoloides 
Eremosparton flaccidurn 
Erythrina indica 


Erythrina suberosa 
Erythrina uariegata 
Erythrina uariegata var. 


Erythrina oelutina 
Erythrophleum coumingo 
Morinda citrifolia 


Oldenlandia offinis 


Oldenlandia herbacea 
Paederia foetida 


Pentas purpurea 
Pseudocinchona africana 
Randia dumetorum 


Rondeletia africana 
Rondeletia febrifuga 
Rubia cordifolia 


occidentalis 


Rubia major 
Rubia tinctorum 


A PL 
I 
I 
E SD 
E SD 
E SD 
A 
E FR 
A 
E SD 
U - 
A 


- 
- 


- 


- 


- 


A RT 
A LF 
E LF 


U RT 
I 
I 
A - 
E - 
I 
I 
I 
I 
H 


I 
See Crossoptepx febrifuga 
A BK 
See Crossopteryx febrifuga 
U R T  


RB U 
I 


I 


A 
A 
U 
I 
I 
A 
E 
A 
A 
E SD 
A 
E LF 
A BK 
A BK 


SD A 
I 
A 


- 
- 


- 
- 
- 
- 
- 


- 


- 


- 


BK, WD 


SB 
- 


- 
- 
- 


RT 
- 
- 


- 


- 
- 


- 
- 


I 
A 
E LF 


SD 
- 


U 
I 
A - 


E FR 
U PL 
I - 


A PL 
- A 


E PL 
E RT 


- 
- 


I 
A 
A FP 
See Crossoptepx febrifuga 
See Crossopteryx febrifuga 
A - -. 


A PL 
E RT 
See Rubia tinctorum 


- A 


193 
297-309 
212-217 
194 
194 
194 
192 
193 
192 
193 
201 
192 
194 
193 
193 


219 
637 
637 
192 
193 
638 
638,639 
638, 640 
641,682 
347,402-404, 
408,409,683-767 
682 


222 


219 
2 19 
768,769 


768,769 


193 
192 
219 
194,920 
194,920 
192 
193 
192 
192 
193 
192 
193 
194 
194 
194 
505 
192 


499 
192 
193 


219 
869 
192 
193 
770 
771,772 
194 
192 
193 
194 
773,174 
192 
193 


192 
194 
193, 194 


192 


5-Hydroxytryptamine 
Tyramine 


- 


Emetine (CXXVIII) 
Emetine 
- 
- 
Cinchonidine (XXVII) 
Cinchonine ( X X W I )  
Quinidine (XXX) 
Quinine (XXXI) 
Quinine 


Hydroquinine (XXIX) 


- 
- 


Mitrinermine (XCIV) 
(rhynchophylline) 
Mitrinermine 
(rhynchophylline) 


Rotenone (CXLVIII) 
Rotenone 
- 
- 
- 
- 
- 
- 
- 
- 
- 


Ghaerophysine (CXVI) 
See also Erythrina uariegata 
var. occidentalis 
Erysotrine (CXXIII) 
- 
- 


- 
Coumingainee 
- 
- 
- 
Two polypeptidese 
- 


- 


Corynanthine (LXXXVIII) 
- 
- 


(continued) 
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Table IV-(ContinuPd) 


Typeof Plant 
Activityb Part‘ Reference Plant Namea Active Constituent(s) 


- 


193, 197 
219 
175 


775 


776 
2 12-2 17 
194 
192 
197 


Tocoyma formosa 
Uncaria sp.  


Uncaria gam bier 


Citrus sp. 


Clausena anisata 
Dictarnnus albus 


Hutaceae 


~ 


Mitrinermine 
(rhynchophylline) 
Gambirine (LXXXVII) 


Hesperidin (CXLV) 
Tyramine 
- 


- I 
A PL, LF 


- A 
E 
I 
1 


RT 
- 
- 


~ 


Dictamnine (XXV) 
Skimmianine (XXVI) 


177 
778 


Dtctarnnus fraxinplla 
Eiwdia hortensis f. hortpnsis 


Euodia inu-ankend 
Buodia rorhurghiana 
Euodia rutaecarpa 
Lunasio amara 
Pilocorpus j a  horandi 
Ruta graueolens 


See Dictamnus albus 
E BJ 779 


274,280 
193 


201 
780 


~ 


Berberine 
- 


- 1 
E FL. LF 
See Evodia inu-nnktnd 
I1 
I 
I LF 


~ 


- Lunamarine (CXXIV) 
Pilocarpine (CXXVI) 
- 


781,186 
192 
90, 194, 3‘23 


- A 
A PL 
A RT 
E PL 


E RT 
E LF 
U 
H 
1 
U PL 


- 


~ 


Y 1  
90, 193, 
194,323 
91 
197 
787,789,790 
326 
778 
791 
197 


Huta hortensis 
Kuta montana 
Ruta syluestris-major 


Santnlum album 
Thrsirtrn hystrix 


Cardiospermum halicaca bum 


Santalaceae 


Sapindaceae 


A LF 
See Huta graueolcns 


A 
A RT 


- 192, 193 
194 


192 
194 
193 
194 
91, 193 
193 
91 


192 


Sapindus emarginatus 


Sapindus trifoliatus 


~ 


- 
See also Sapindus 
emarginatus 


~ - A 
See Rhus longipes 


A FR 


E RT 


A PL 
A ~ 


I 
I 
I 


- 
- 
- 


Schmidclia affinis 


Mimusops elengi 


Ribes americanurn 


BuchnPra ciliata 
Celsis caucasica 
Herpestis rnonnieri 


Pedicularis palustris 
Picrorhiza kurroa 


Sapotaceae 


Saxifragaceae 


Scrophulariaceae 


195 


792 


793 
192 
794 
317,798-800 
795 
192 
193 
193 
91 
2 19 
194 
194 


201 
219 


- 
- 


Saponin glycoside 
Nicotine 
Uncharacterized glycoside 
- 
__ 


~ 


- 
- 
- 
- 


Scoparia dulccs 
Sutera atropurpurea 


Simaroubaceae 
Picrasma ailanthoides 
Simarouba versicolor 


Capsrcum frutescens 
Datura tatula 


Lycium barbaturn 


Mcotiana tabacurn 


I’hysalic minima 
Solanurn sp. 


Solanaceae 


A FL 
E FL 


IJ 
IJ RE3 


U LS 
U 
I 
A 
E FR 
A LF 


A PL 
A 
I 


- 


- 
- 
- 


- 1 


- 
- 


294 
201 
196, I91 
192 


- 


Scopolamine (XIV) 
- 


193 
194 
317,798-8OC 
194 
318 
212 -217 


- 


Nicotine (X) 
- 
- 


Tyramine 
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Table IV-(Continued) 


Type of Plant 
Plant Name0 Activityb Part" Reference Active Constituent(s) 


Solanum nigrum 


Solanum paniculatum 


Solanum variabile 
Solanum oerbascifolium 
Withania coagulam 


Withania somnifera 


Stemonaceae 
Stemonn sp. 
Stemom japonica 


A broma augusta 
Sterculiaceae 


Guazuma ulmifolia 
Helicteres isora 
Pentapetes phoenicea 
Theobmma cacao 
Waltheria indica 


Styrax japonica 


Taxus baccata 


Styracaceae 


Taxaceae 


Torreya nucifera 


Jacquinia pungens 


Arthrosolen polycephahs 
Daphne genkwa 
Gnidia chrysantha 
Lasiosiphon capitatus 
Lasiosiphon kraussianus 


Grewia asiatica 
Grewia barteri 


Theophrastaceae 


Thymelaeaceae 


Tiliaceae 


Grewia bicolor 
Grewia carpinifolia 


Grewia cissoides 


Grewia cyclopetala 
Grewia elyseoi 


Grewia hirsuta 


Grewia lasiodiscus 


Grewia malacocarpa 


Grewia occidentalis 
Grewia saloifolia 
Grewia uenusta 


Grewia oillosa 
Triumfetta bartramia 


I 
A 
A 
U 
U 
U 
U 
A 
E 
A 
A 
I 


I 
U 


A 
A 
E 
E 
E 
E 
U 
U 
U 
A 
A 
A 


U 


A 
A 
E 
E 
U 
H 
I 
U 


A 


A 
U 
A 
A 
A 


A 
U 
I 


U 
U 
I 


U 
I 


U 
U 
I 


A 
E 
U 
I 


U 
I 


- 
- 
Rl3 
LF, RT 
RT 


LS 


SD 


RT 


- 


- 


- 


- 


- 
- 


- 
BK 
RE3 
RT, RB 
PL 
RT 
ST, RT 
SB 
FR 


RT 
PL 


- 


- 


- 
LF 
LF 
LF, FR 
- 
- 
- 
SD 
- 


PL 


RT, FL 
PL 
RT 


- 


- 
- 
- 


- 
- 
- 


- 
- 


- 
- 
- 


~ 


LF, FR 
- 
- 


- 
- 


A PL 
See Grewia bicolor 


~ 


- 
U 
I 


U 
A 


- 
- 


297-309 
192 
193 
801 
219 
80 1 
294 
192 
193 
192 
193,194 
317,798-800 


802 
201 


192 
194 
193 
194 
803 
91 
804,805 
219 
267 
204 
195 
194 


20 1 


192 
194 
91, 197 
193, 194 
91,791,806 
807 
365,380 
808 


332 


194 
201 
194 
194 
220 


192 
809 
810 


809 
809 
810 


809 
810 


809,811 
809,812 
810 


192 
193 
809 
810 


809 
810 


194 


809 
810 


809 
192 


5-Hydroxytryptamine 
- 
- 
~ 


- 
~ 


- 
- 
- 
- 
- 


Nicotine 


Paipunipee 
- 


- 


Amine-imidazole type 
of compounde 
- 


Amine-imidazole type 
of compounde 


Amine-imidazole type 
of cornpounde 


- 


- 


Amine-imidazole type 
of compounde 
- 


- 


Amine-imidazole type 
of compounde 


Amine-imidazole type 
of compoundP 


- 


- 


- 
Amine-imidazole type 
of compounde 
- 
- 


(continued) 
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Table IV-(Continued) 


T y p e o f  Plant 
Plant Name" Activityb PartC 


Triumfetta rhomboidea 


Turnera sp. 


Typha capensis 


Celtis australis 


Ammi  visnaga 


Turneraceae 


Typhaceae 


Ulmaceae 


Umbelliferae 


Anethurn foeniculum 
Anethum graveolem 
Anethum sowa 
Angelica archangelica 
Angelica sylvestris 
Apiurn graueolens 


Athamanta cretensis 
Athamanta neumi 
Carurn copticum 


Carurn rox burghianum 


Centella asiatica 
Chaerefoliurn siluestre 
Cuminurn cyrninurn 


Daucus carota 


Daucus creticus 
Daucus visnaga 
Eryngium sp. 
Ferula assa-foetida 
Ferula caspica 
Ferula foetida 
Ferula nartex 


Ferula orientalis 


Foeniculurn capillaceurn 
Foeniculurn officinale 
Foeniculurn sylvestre 
Foeniculum uulgare 


Hydrocotyle asiatica 
Imperatoria ostruthurn 
Imperatoria sylvestris 
Meurn atharnanticum 
Meurn foeniculurn 
Petroselinurn crispurn 
Petroselinurn hortense 


Petroselinurn sativum 


Peucedanum galbanum 
Peucedanum graveolens 
Peucedanurn officinale 
Peucedanum ostruthurn 
Pimpinella saxifraga 


Prangospabularia 


Selinurn sylvestre 


A RT 
A RT 


U RT 


A RT, PL 


A 


E 
I 


See Foeniculum officinale 
E FR 
A - 
E PL 
E RT 
A - 


- 


FR 
- 


A RT, S D  
A VO 


E FR 
See Meurn atharnanticum 


- A 


E 
A 


SD 
- 


~~ 


E S D  
E PL 
U RT 
A FR 


- A 
E FR 
I 
A 


- 
- 


See Athamanta cretensis 
See A m m i  uisnaga 
A 
A 
U - 


E GU, RE 
E GU 
E ST, GU 
A 


- 
- 


- 


E S D ,  FR 
E FR 


- A 
See Peucedanum ostruthurn 
See Angelica 'syluestris 
E R T ,  S D  
See Foeniculurn officinale 
E FR 
A - 
U - 


A PL 
E FR 
I FR 
H FR 
A PL 
A - 


E RT 
E RZ 
E RT 
U - 


- A 
E FR, RT 
See Angelica sylvestris 


Reference Active Constituentls) 


193 
193, 194 


219 


194 


192 


197 
813 


193 
192 
323 
197 
192 
193 
194 
814 
176 


192 


193 
192 
193 
193 
814 
193 
192 
193, 197 
506,507 
192 
194 
193 
197 
194 
814 


332 
192 
815 
193 
91 
193 
192 
193 


197 


192 


193 
194 
192 


197 


194 
192 
816 
194 
194 
817-822 
823-844 
194 
192 
197 
197 
197 
814 
192 
193 


- 


See also Triumfetta 
bartrarnia 


Khellin (visarnmin) 
(CXXXV) 


See also Trachyspermum 
ammi 
- 
- 
- 
- 
- 
- 
- 
- 


Coumingine ( C W )  
- 


See also Foeniculurn 
officinale 


See also Centella asiatica 


- 
- 


- 


Apiol (CX'XIX) 
Apiol 
- 


See also Anethum graveolens 
- 
- 
- 
- 
- 
- 
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Table IV-(Continued) 


Type of Plant 
Plant Namea Activityb Part‘ Reference Active Constituent(s) 


Steganotaenia araliacea 
Trachyspermurn arnmi 


Urtica sp. 
Urtica dioica 


Urticaceae 


Urtica wens  


Valerianaceae 
Nardostachys jatamansai 


Valeriana wallichii 


Verbenaceae 
Clerodendrurn inerme 
Clerodendrurn serraturn 
Gmelina asiatica 
Slachytarphrta jamaicensis 


Verbena bonaoiensis 
Verbena officinalis 


Verbena stricta 
Vitex agnus-castus 
Vitex cannabifolia 
Vitex gardneriana 
Vitex negundo 


V i t a  trifolia 


Vitaceae 
Ampdopsis hederaceae 
Cissus quadrangularis 
Cissus sic.yoides 
Rhoicissus cuneifolia 
Vitis quadrangularis 
Vitis vinifera 


Alpinia speciosa 
Curcuma longa 


Zingiberaceae 


Curcuma zrdoaria 
Elettaria cardarnornum 


Hrdychiurn spicatum 


Zingiber officinak 


Fagonia arabica 
Fagonia cretica 


l’eganurn harmala 


Zygophyllaceae 


Tribulus alatus 


Tribulus trrrestris 


Zygophyllum coccineum 
Zygophyllum drcumbenh 


A 
E 


I 
A 
A 
E 
I 
A 
I 


A 
E 
A 
E 


U 
A 
A 
A 
A 
A 
A 
I 


I 
E 
U 
U 
A 
E 
A 
E 


I 
A 
U 
A 
A 
E 


U 
A 
A 
E 
U 
A 
A 
E 
A 
E 
A 


PL 
SD 
- 


PL 


PI, 


PL  


- 


- 


- 


- 
RT 


RT 


LF  


RT 


PL 
PL 


- 


- 


- 


- 


FR 


SB 


FR 


FR 


- 


- 


- 


- 
~ 


LS 
RT 


FL 


LF 


RZ. J U  
RZ 


- 


- 


- 
- 
- 


FR 


RT 
- 


- 


See Fagonia cwtica 
A 
E PL 
A 
A PL, SD 
A SD 
E PL, SD 
E 
I SD 
I SD 
A 
E FR 
A 


RT E 
I 
I 
U 
U 


- 


- 


- 


- 


~ 


- 
- 


~ 


- 


194 
193 


270 
194 
192 
193 
297-309 
194 
297-309 


192 
193 
192 
193 


887 
204 
193 
192 
193 
194 
192 
888,889 


888,889 
197 
20 1 
219 
192 
193 
192 
193 


890-892 
192 
294 
194 
192 
193 


219 
192 
194 
193 
20 1 
192 
192 
193 
i92 
193 
204 


192 
193 
192 
193 
91 
193 
91 
893-896 
893-897 
192 
193 
192 
193 
898 
89:3-897 
899 
900 


Betaine 
- 
- 
- 


5-Hydroxytryptarnine 


5-Hydroxytryptarnine 
- 


- 
- 
~ 


- 
- 


Verbenalin (verbenaloside) 
(CXLIX) 
Verbenalin (verbenaloside) 


- 
-~ 


- 
- 
~ 


- 


Catechol (CXXXI) 
- 
- 
- 
- 
- 


- 


Harrnaline 
Harrnine (LXXXII) 


- 


Harman 
Harmine 
- 


“ P l a n t  names are a s  stated in the  ~irtgl i iai  niliclei except tor corrections nt obvious apelnng errnrs. Arrangement is  alphahetical by family. genus, a n d  specws: assignment t r ,  1amilil.s is 
acrording t o  the  system of Engler (1672). A = abortifacient. ecbolic, oxytocic (folkloric); E = emmenagogue, affecting the menstrual cycle (folkloric); IJ = uterine st imulant as shown hy 
in i,itm or in uivo tests in animals;  H = ahortifacient effects a s  determined in humans ;  I = active substance isolated and  shown t o  st imulate uterine tissue either in v i l m  or In  L’WO ‘ A H  = 
ash, BA = balsam, &I = hark juice. BR = branches, BK = bark. Bli = bulb, E X  = exudate. FL = flower, FP = fruit  pulp. FR = fruit ,  FS = fruit  shell, GU = gum. . I l l  = juice. LF = leal. 
IJ = leaf juice. LS = leaf and  stem. LX = latex. OL = oil, PI. = whole plant, PIJ = pulp. P X  = aerial parts,  RB = root hark,  RE = resin, HS = root stalk. K’1’ = r w t .  R% = rhizome. 
SR = stem hark. SD = seed, SC = stigma. SL = style, SO = seed oil, SP = seed pod. SW = stern wood, TE = tegumen, T K  = tuberous root. TU = tuher.  T W  = twigh. VO = volatilz 
oil. W L )  = wood. and = plant part not stated in original article. d Although popularly hrlicved I(> exert an o x \ t o c ~  cIt~1.1. the e h w n t ~ ~ l  oil wah , h o s n  l o  ~lrlinl.~. olrrcnr II.\LI(’ t n  ['rim 


r a t h e r t h n n r a u w  a contraction.? Denotesthat nlthmtgh the material aaaohta incd  aha  rn.rtidlinr tmothrrwi*e puw t m t ~ t v ,  the  ~ l r u c t i i r e  15 no1 yet I\nm\n 


Vol. 64. No. .1. April 1975 1577 







K R, RL R! R4 R, It,, K; ~ R, - ~ ~ ~ ~ 


V: ephedrine H H H OH H CH 1 H H ('H 
VI: hordenine H OH H H H H H CHI C H :  


VII: mescaline OCH:; OC9 ,  OCH,, H H H H H H 
VIII: pseudoephedrine H H H H OH CH; H H CH 


IX: tyrarnine H OH H H H H H H 11 
Structures of Phenethylarnine Alkaloids Having Ilterine Stimulant Activity 


MTJ m-0cH3 
I 


0 'N CH3 C H  3 
X nicotine XI: arecolinr 


0 
II 
C - N H 2  


XII:  nicotinarnide 
Structures of Pyridine Alkaloids Having Iltcrinc, Stimulant 
Activity 


R. R, .. R2 R 
XIII. cocaine H H C E H ,  phenyl 


CH,OH 
I 


XIV: scopolamine -0- H, -CH- 
Structures of Tropane Alkaloids Having IJterine Stimulant 
Activity 


XV: hydrastinine 


XVI: papaverine 


XVII: salsoline 


R R,  ~ K. 
-O-CH.-O- OH 


OCH , OCH I CH ,O q$ 
OCH, 


OH OCH , CHI 
Structures of Quinoline Alkaloids Having Ilterine Stimulant Activity 


CH ~ 


ring B unsaturated 


H 
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XVIII: adlumidine 
XIX: adlumine 
XX: bicuculline 


XXI: capnoidine 
XXII: corlumine 


XXIII: hydrastine 
XXIV: narcotine 


R4 - Ri - R - R, - RL 
-O-CH2-O- H -0-CH,-0- 


OCH, H H -0-CH,-0- 
-O-CHL-O- H -O-CHL-O- 
-O-CHL-O- H -0-CH,-O- 


OCH OCH , H -0-CH--O- 
-0-CHL-0- H OCH ~ OCH 
--O-CH2-O- OCH OCH , OCH 


Phthalidisoquinoline Alkaloid Structures Havmg Uterine Stimulant Activity 


R ~ 3 
XXV: dictamnine H H 


XXVI: skimmianine OCH OCH 
Structures of Furoquinoline Alkaloids Having Uterine 
Stimulant Activity 


HO-C-H 
I 


R1 
CH=CHI XXVII: cinchonidine H 


XXVIII: cinchonine H CH=CHI 
OCH, CH,-CH, 


XXX: quinidine OCH CH=CH, 
CH = CHI 


Structures of Quinine Alkaloids Having Uterine Stimulant 
Activity 


~ - R 


XXIX: hydroquinine 


XXXI: quinine 0CH.i 


OH 
XXXII: dauricine XXXIII: d-tubocurarine 


Structures of Bisbenzylisoquinoline Alkaloids Having Uterine Stimulant Activity 
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XXXIV: 13-hydroxylupanine 
XXXV: 17-hydroxylupanine 


XXXVI: D-lUpaninc? 
XXXVII: lupanine N-oxide 


XXXVIII: 17-oxolupanine 
XXXIX: retaminc 


XL: sparteine 
XLI: trilupine 


R 
H 
OH 
H 
H 
=O 
H 
H 
H 


~ 


@'" 


Ri 
OH 
H 
H 
H 
H 
H 
H 
H 


~ 


R, ~ 


H 
H 
H 
H 
H 
OH 
H 
H 


YH 20H m 
0 


XLII: cytisine XLIII: lupinine 
Structures of Quinolizidine Alkaloids Having LJterine Stimulant Activity 


R R, RL other 
XLIV: chelerythrine OCH OEH; H unsa tura tedC ring 


Structures of Benzophenanthridine Alkaloids Having lJterine 
Stimulant Activity 


XLV: chelidonine -O-CH2-O- OH AI.? 


R - R, R, ~ RJ 
XLVI: capauridine OCH, O&j OH H 


- 


XLVII: capaurine OCH OCH ~ OH H 
XLVIII: corydaline OCH, OCH I H CH , 


XLIX: nandinine -O-CH2-O- H H 
L: ophiocarpine -O-CH2-O- H OH 


LI: tetrahydropalmatine OCH, OCH H H 
Structures of Protoberberine Alkaloids Having LJterine Stimulant Activity 


R4 
=O 
=O 
=O 
=O 
=O 
=O 
H 
=O 


- 


R, - 
OCH ~ 


OCH ~ 


OCH ~ 


OCH ~ 


OCH I 


OCH, 


other 


R, 
OFH ~ 


OCH, 
OCH I 


OH 
OCH, 
OCH ~ 
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R - R, 
LII: berberine -O-CH,--O-- 


LIII: columbamine OCH OH 
LIV: jatrorrhizine OH O W ,  
LV: palmatine OCH OCH., 


Structures of Protoberberine Alkaloids Having Uterine 
Stimulant Activity 


R Rl RL other - ~ 


- 
- 


LVI: cryptocavine H OCH,, OCH, 
LVII: hunnemannine CH! OCH,, OCH,, 


LVIII: protopine H -0-CHJ-0- - 
LIX: thalictimine H OCH, OCH,, desoxy 


Structures of Protopine Alkaloids Having Uterine Stimulant 
Activity 


R4 
R Ri - 5 5 


LX: codeine OCH -0- OH 
LXI: morphine OH -0- OH 


LXII: sinomenine OCH, OH H =O 


CH3 CH3 
I I 


CH I I c=o R2\ /CH\C\ 


I O H b  
I I 


o=c 
0 


W C H *  
R - R? 


LXIV: monocrotaline OH -CHI 


LXV: sceleratine H -CH -(CH,), 
I 
OH 


Structures of Pyrrolizidine Alkaloids Having Uterine 
Stimulant Activity 


R, o ther  
~~ 


R 
~ 


LXVI: integerrimine CHT OH A' - LXVII: isatidine CH,OH OH 
OH 


LXIX: riddelliine OH CHIOH 
- 


A12 I /  LXVIII: platyphylline CH i 


- LXX: senecionine OH CH., 
LXXI: senec iph ylline CH i OH AIL i . /  


LXXII: spartioidine OH CH AIL" 
C H P H  HO H 


I 


LXXIII: retrornecine 
Structures of Pyrrolizidine Alkaloids Having Uterine 
Stimulant Activity 


LXIII: thebaine 0CH.r -0- OCH, H 
Structures of Morphinan Alkaloids Having IJterine Stimulant 
Activity 


R3 
RL R, - - 


LXXIV: N,N-dimethyltryptamine H CHJ CH, 
LXXV: N ,  N-dimethyltryptamine N-oxide H CH 1 CH, 


LXXVII. 5-hydroxytryptamine OH H H 
LXXVIII: 5-methoxy-N,N-dimethyltryptamine OCH , CHI CH \ 


~ 


R 


Structures of Tryptamine Alkaloids Having Uterine Stimulant Activity 


Ri 
H 
H 
O 
H 


- 
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R 
~ 


other __ 


at 6-position 


U H 3  


LXXIX: brevicolline H 


- LXXX: harmaline OCH, 
LXXXI: harman H 


LXXXII: harmine OCH 
- 


A >  R 


Structures of P-Carbollne Alkaloids Havine Uterine Stimulant 
Activity 


H 
LXXVI: gramine 


H3c0pJ--& / H 


LXXXIII: ibogaine Qq3 CH20H 


LXXXIV: macusine B 


LXXXV: ervamine 


LXXXVI: vinervine 
Structures of Miscellaneous Indole Alkaloids Having Uterine 
Stimulant Activitv 


HO . 


XC: vincamine 


XCI: ajmaline 


0 
II C’NHCH, 
I 


I I 
CH3 CH, 


XCII: physostigmine 


HOH2CHCHNC f&yH 


I 
CH3 


XCIII: ergonovine 
Structures of Miscellaneous Indole Alkaloids Having Uterine 
Stimulant Activity 


During the literature search, some naturally occurring plant 
principles were found that were active as uterine stimulants, but 
the plants from which they were obtained were not noted. When- 
ever one of these active principles was known to occur in a plant 
previously noted under (A), (E), or (U), it was entered in Table IV 
as (I). 


Finally, Table IV lists those plants and/or constituents that  
have been shown to be abortifacient or to have uterine stimulant 
activity as judged from tests in humans. These entries are noted as 
(HI. 


Although it is not within the scope of this presentation to give 
detailed information on all animal and human studies, a few re- 
marks will be made concerning the abortifacient effects of some 
plant materials that  have been used over the years as abortifa- 
cients. 


Volatile Oils-The most commonly employed volatile oils used 
in the past to induce abortion are those derived from Tanaceturn 
vulgare (tansy), Hedeoma pulegioides (pennyroyal), Ruta graueo- 
lens (rue), Petroselinum satiuum (apiol), and Juniperus sabina 
(savin). The literature contains virtually nothing with regard to 
the proven abortifacient effects of these materials. In fact, the use 
of these materials for abortifacient effects has been deleted from 
most standard pharmacology textbooks published in the last two 
decades. I t  has been shown that the excised human uterus is not 
stimulated by the oils of pennyroyal, savin, or tansy (198). I t  is 
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LXXXVII: gambirine 


. N  


CH300C -0- . 
OCH 


LXXXIX: reserpine 
Structures of Miscellaneous Indole Alkaloids Having 


speculated that when abortion does occur after the use of these 
volatile oils, it occurs only following toxic doses (198); fatal doses 
are not always abortifacient. 


An interesting situation exists with apiol. There are two forms of 
this drug, “green apiol,” which is the oleoresin of P. satiuurn, and 
“apiol” proper or “crystallized apiol,” a compound of known struc- 
ture. Both of these materials have a long history as abortifacients, 
alone or in combination with such materials as ergot extract. Nu- 
merous toxicities to apiol following its use in attempted abortion, 
as evidenced by a polyneuritis, were reported in the 1930’s (823- 
832, 840, 841). It was eventually found that the toxicities were due 
to the presence of ortho-tricresyl phosphate in the apiol, presum- 
ably present as an adulterant (842,843). It is safe to conclude that 
these materials were never consistently effective as abortifacients 
in humans and that their use will always be attendent with varying 
degrees of toxicity and even death (844). 


Quinine a n d  Castor Oil-These two agents have been used ex- 
tensively in the past, alone or in combination with pituitary ex- 
tract, to induce abortion in humans. Quinine has been reported in 
many studies to contract uterine tissue in both in uitro and in uiuo 
experiments (641-682). Clinical studies are also numerous (347, 
402404, 408, 409, 683-767). I t  has been concluded (767) that  ex- 
cept in cases of idiosyncrasy, quinine does not act  to expel the pre- 
mature fetus. There is no doubt, however, that  quinine does help 
to promote uterine contractions after they have begun. The con- 
tractions produced by quinine in these cases are intermittent and 
not tetanic. 


Although studies involving the use of castor oil in human abor- 
tion are numerous (401409), one cannot find experimental studies 
to explain the rationale for its use. Presumably, it produces pelvic 
congestion as a result of intestinal irritation, as with the volatile 
oils (198). 


Sparteine-The only clinically useful abortifacient plant prod- 
uct known a t  present is sparteine (pachycarpine), which is an alka- 
loid derived from several Leguminosae species, especially those in 
the genera Ammodendron, Raptisia, Cytisus, Genista, Goebelia, 
Lupinus, Retama, Sarothamnus, Templetonia, and Thermopsis 
(845-847). Reports of the Occurrence of sparteine in the unexpect- 
ed Papaveraceae (Chelidonium majus) and Scrophulariaceae 
(Leptorhabdos paruiflora) species should be reexamined (845- 
847). 


Sparteine was first introduced into clinical practice as an oxyto- 
cic in 1939, and thousands of patients have been treated with i t  
(487489). Numerous reports confirm its in uitro and in uiuo uter- 
ine stimulant activity (250, 252, 361,385,444493). I t  has virtually 


OH 
LXXXVIII: corynanthine 


OCH 


Uterine Stimulant Activity 


all of the oxytocic properties of oxytocin and the ergot aikaloids. 
Untoward effects in humans almost always relate to overstimula- 
tion of the myometrium; thus, the dose of this alkaloid must be 
closely monitored. The latest review on the clinical use of sparteine 
as an oxytocic was published in 1966 (489). 


From the data presented in Tables IV and V, i t  can be seen that 
565 species of plants are known to have a folkloric reputation for 
use as abortifacients, ecbolics, or emmenagogues. These 565 
species are classified in 125 plant families. Of this 565 species, 225 
have been shown to elicit a stimulant response when tested against 
uterine muscle either in uitro or in uiuo, and active uterine stimu- 
lants have been isolated from 198 species. Of the isolated com- 
pounds, 148 are of known structure and 24 are of unknown struc- 
ture; 122 of the isolated active compounds are alkaloids. Table V 
lists a number of common and widespread plant constituents that  
have been reported to stimulate uterine tissue either in uiuo or in 
uitro. 


Table V-Plant Principles of Widespread Occurrence Reported 
to Stimulate Uterine Tissue 


Plant 
Reference Principle Type Constituent 


Simple amines Betaine (CXV) 
Hordenine (VI) 
5-Hydroxytryptamine 
Tyramine (IX) 


Fatty acid Arachidonic acid (CLI 
Linoleic acid (CLII) 
Linolenic acid (CLIII) 
Palmitic acid (CLIV) 


Flavonoids Hesperidin (CXLV) 
Quercetin (CXLVI) 
Rutin (CXLVII) 


Sterols Cholesterol (CXLI) 
8-Sitosterol (CXLII) 


Polyphenols Catechol (CXXXI) 
Pyrogallol (CXXXII) 


270 
310 


LXXVII) 297-309 
312 
901,902 
90 1 
90 1 
415 
776 
903 
904 
905 
906 
820,822 
906 


Ellagic acid (CXXXIII) 322 
Guaiazulene (CXXXVIII) 912 


Tannin 916,917 


Miscellaneous Ascorbic acid (CXXX) 907-911 


Nicotinamide (XII) 913-915 
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Soft Gelatin Capsules 11: Oxygen Permeability 
Study of Capsule Shells 


F. S .  HOM", S. A. VERESH, and W. R. EBERT 


Abstract 0 A method is reported for studying the effects of sever- 
al factors a t  room temperature on the oxygen permeability of soft 
gelatin capsule shell films. The method involves the use of a per- 
meability cell assembly and the spectrophotometric determination 
of oxygen with an alkaline pyrogallic acid solution. Factors investi- 
gated were relative humidity, plasticizers, equilibrium water, an 
insoluble additive, and film thickness. Results from the effects of 
film thickness and oxygen partial pressure correlated well with the 
permeability equation. For greatest stability of encapsulated oxy- 
gen-labile materials, it is recommended that the soft gelatin cap- 
sule shells be prepared with a low plasticizer concentration and 
that the finished capsules be stored a t  low relative humidity. 


Keyphrases Capsules, soft gelatid-oxygen permeability at 
room temperature, effects of relative humidity, plasticizers, equi- 
librium water, insoluble additives, and film thickness Soft gela- 
tin capsules-oxygen permeability at  room temperature, effects of 
relative humidity, plasticizers, equilibrium water, insoluble addi- 
tives, and film thickness Oxygen permeability of soft gelatin 
capsules-effects of relative humidity, plasticizers, equilibrium 
water, insoluble additives, and film thickness 


Information about capsule shell properties is of 
considerable importance to those concerned with the 
design and formulation of soft gelatin capsule dosage 
forms. In a previous paper (l), results and discussion 
of several factors affecting capsule shell dissolution 
rate were reported. Results from an investigation of 
the factors influencing the viscoelastic characteristics 
of soft gelatin films were presented by Castello and 
Goyan (2). The present study deals with oxygen per- 
meability behavior of capsule shells. Oxygen uptake 
by certain drug preparations while in storage or on 
shelves can lead to undesirable changes. 


An example is the USP vitamin A reference stan- 
dard in soft gelatin capsules. Vitamin A is relatively 
unstable in air and light; however, the encapsulated 
contents show no significant loss of potency for 3 
years or longer when stored and packaged under the 
prescribed conditions of temperature and humidity. 
Results are presented from investigations on factors 
that influence oxygen permeability of soft gelatin 
films that could be useful in the design and formula- 
tion of capsule shells for oxygen-labile drugs. 


A survey of the literature revealed several methods 
used to measure gas permeability. The usual ASTM 
method (3) and most commercially available appara- 
tus are not sufficiently sensitive. A commercially 
available one (4) and the method of Gilbert and 
Pegaz (5) lack the flexibility and simplicity demand- 
ed in the present study. The method developed by 
Williams et al. (6), which was used by Munden et al. 
(7) for their evaluation of polymeric materials, 
seemed applicable, but little experimental detail was 
given for the direct application of this procedure. 
The present study required a sensitive, simple, versa- 


tile, and leak-free technique. A method was devgl- 
oped with these criteria based on the method origi- 
nated by Williams et al. (6). 


THEORETICAL 


The application of Fick's laws for diffusion and Henry's laws for 
partial pressure relations for gas solubility (8, 9) provides useful 
equations for gas flux across an intact polymeric film. When per- 
meability occurs at  a steady state in the absence of any interaction 
between gas and film toward the area of decreasing concentration, 
these equations are: 


where P is a permeability coefficient, D is a diffusion coefficient, 
and S is a solubility coefficient or Henry's law constant. The quan- 
tity of gas (q) that passes through a given film a t  a given condition 
depends upon the area (A), thickness fh), partial pressure differ- 
ential across the film (p1 - pz) ,  and time (t) .  Conventionally, the 
gas permeability coefficient has dimensions of ml X cm/(cm2 X 24 
hr X atm). It may be evaluated from the slope of the linear portion 
of the curve where permeability occurs a t  a steady state in a plot of 
milliliters of gas permeated uersus time in hours. Extrapolation of 
the linear portion of the curve to the time axis yields the lag time 
(Lj. The lag time is related to the diffusion coefficient (10) as fol- 
lows: 


D = h2/6L (Eq. 3) 


Thus, all three terms in Eq. 1 may be evaluated. 


EXPERIMENTAL 


Materials-The following were used: gelatin' USP (Type B) 
with 195 Bloom gram gel strength (20-40 mesh size), glycerin USP, 
titanium dioxide USP, FD&C Yellow No. 5, Teflon film2, polyeth- 
ylene film2, mercury, nitrogen, oxygen, plaster of Paris, silicone 
rubber septum (as used in GC), and reagent grade pyrogallic acid 
and sodium hydroxide. 


Equipment-A permeability cell assembly3, a gas microsy- 
ringe4, a micrometer, a spectroph~tometer~, a vacuum pump, and 
vacuum desiccators were used. 


Preparation of Film-The method used to prepare the soft 
gelatin films was reported earlier (1). 


Relative Humidity Systems-The 31, 47, 58, 72, and 8096 sys- 
tems were saturated aqueous solutions of calcium chloride, potas- 
sium thiocyanate, sodium bromide, ammonium chloride-potassi- 
um nitrate, and ammonium chloride, respectively. 


Preparation of Alkaline Pyrogallic Acid Solution-To pre- 
pare 2 liters of solution, introduce a magnetic stirrer, 8.0 g of pyro- 
gallic acid, and 20.0 g of sodium hydroxide onto the bottom of the 
dry, 2-liter bottle without touching each other (Fig. 1). Pour 2 li- 
ters of freshly boiled distilled water into the separator on top of 
the bottle. Then flush the system with nitrogen until the boiled 
water is cooled to 30' without getting the reagents wet. 


Close the system and stop the nitrogen gas. Evacuate the nitro- 
gen gas trapped in the bottle by use of a vacuum pump. Close the 


Rousselot Corp., New York, N.Y. 
Cadillac Plastic and Chemical Co.. Hiehland Park. Mich. 
Quality Glass Apparatus, Ann A;bo< Mich.; other parts were made by 


the Machine Shop, R. P. Scherer Corp. 
Hamilton Co., Whittier. Calif. 
Beckman model B. 
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Figure 1-Schematic diagram showing the preparation of 
alkaline pyrogallic acid solution. Key: 1, 2-liter funnel; 2, 
rubber stopper; 3, 2-liter thick wall Pyrex bottle; 4, pyrogallic 
acid; 5, magnetic stirrer, 5 cm; 6, sodium hydroxide; 7, vacuum; 
8, moisture trap; 9, alkaline pyrogallic acid trap; and 10, 
nitrogen gas from tank. All connections are thick wall rubber 
hose. 


system and then allow water to enter the bottle slowly by control- 
ling the stopcock. Mix the solution well by turning on the magnetic 
stirrer when all of the water has been added without allowing any 
air to enter the bottle. In this manner, a water clear, colorless solu- 
tion will be obtained. 


Assembling and Filling Permeability Cell-Assemble the 


SAMPLE 6 'F 
7 '  


8 


- 7 - 6 4  


Figure 2-Diagrams of calibration and permeability cell as- 
sembly in  exploded side views with measurements i n  centimeters. 
Key: 1, bolt; 2, Plexiglas plate, 0.612 cm thick; 3, silicone 
rubber septum; 4, nut; 5, gelatin or lead gasket; 6, soft gelatin 
film; 7, Teflon film backing, 0.005 cm thick; 8, wide l ip  125-ml 
filtering flask; 9, cell made from 1.6-cm i.d. test tube-type cell; 
10, plaster of Par is  for leveling and height adjusting; and  11, 
magnetic stirrer, 2.54 cm. 


I 
10 
I 
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Figure 3-Schematic diagram showing permeability cell filling 
operation. Key: 1, mercury in cavity; 2, mercury valve trap; 3, 
assembled permeation cell; 4, magnetic stirrer, 2.54 cm; 5, alka- 
line pyrogallic acid solution; 6, magnetic stirrer, 5 cm; 7, rub- 
ber stopper; 8, drain; 9, pressure relief valve; and 10, nitrogen 
gas from tank. All connections are thick wall rubber hose. 


cells as shown in Fig. 2, with gelatin film overlapping the outer 
edge of the Teflon film backing by at least 0.1 cm to serve as a gas- 
ket. The permeability area is equal to that of the 2.62-cm diameter 
machined hole. Fasten, with nylon strings, the assembled films and 
plate to the top of the flask containing a magnetic stirrer. Fill the 
cavity on top of the gelatin film with mercury and tape seal to keep 
the mercury from spilling. Weigh the assembled cell and record its 
tare weight. Then insert the cell into the system as shown in Fig. 3. 


Flush out all traces of air with nitrogen gas by manipulating the 
several stopcocks. Fill the cell with alkaline pyrogallic acid solution 
to within 2 cm of the gelatin film. Weigh the filled cell to deter- 
mine the weight of the solution and allow the filled cell to stand 
overnight at room temperature. Make an initial absorbance read- 
ing of the filled cell at 425 nm uersus water after a thorough stir- 
ring with the magnetic stirrer. If the initial absorbance reading is 
less than 0.1, remove the mercury and then place the cell in a pure 
oxygen atmosphere until the cell solution reads between a 0.10 and 
0.15 absorbance value. Replace the mercury on the filled cell and 
reestablish constancy of the absorbance reading. The filled cell is 
now ready for the leak test. 


Leak Test-The absorbance of the solution in the filled cell was 
monitored at 425 nm for changes during a period of challenge by 
pure oxygen at  1 atm. The criterion for a leak-free system was no 
absorbance change after 2 days under such treatment. 


Calibration and Correction Factor-Assemble the calibra- 
tion cell with a silicone rubber septum between two Plexiglas 
plates. The hole in the middle of each plate is 0.2 cm in diameter. 
Fill the cavity on top of the septum with mercury and tape seal. 
Weigh the assembled cell and fill it with the solution as described 
in the filling procedure. Establish the weight and the initial ab- 
sorbance of the solution and ensure that the system is leak free. By 
use of a gas microsyringe, slowly inject small increments of either 
pure oxygen or air samples through the mercury and septum into 
the nitrogen gas phase of the cell. Mix well with the magnetic stir- 
rer until the color has reached equilibrium. 


Place the cell in the predetermined position (previously adjust- 
ed with plaster of Paris) in the spectrophotometer and read the ab- 
sorbance at 425 nm uersus water. A typical standard curve is 
shown in Fig. 4, in which the change in absorbance at 425 nm is 
plotted against volume of oxygen added. However, the use of a 
standard calibration curve required a correction factor because the 
cells were not matched. A correction factor for each sample cell in 
relation to the standard cell was obtained from absorbance read- 
ings of a common, air-stable, FD&C Yellow No. 5 dye solution. 


Permeability Study-After the weight, the absorbance of the 
solution a t  425 nm, and the leak-free condition of the system have 
'been established, remove the tape and mercury from the cell. Place 
the cell in a desiccator under controlled relative humidity condi- 
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Figure 4-Typical standard calibmtion curve in a plot of ab- 
sorbance at 425 nm for 150 g of alkaline pyrogallic acid solution 
versus oxygen added in microliters. 


tions. Flush the trapped air out of the mercury valve with oxygen 
from a tank that has been passed through a salt solution system 
used for adjusting the desired humidity. At appropriate time inter- 
vals, remove the cell and make absorbance readings of the solution 
at 425 nm. At the end of the readings, place the cell in the desicca- 
tor and flush the air out with oxygen as before. 


The volume of oxygen permeated across the intact film in t 
hours, Vt, may be calculated from the change in absorbance in t 
hours, At, the standard calibration curve, and the correction factor 
by use of Eq. 4: 


v, = A,V,W,F/A,W,  (Eq. 4) 
where A, is the change in absorbance of W, grams of standard so- 
lution as elicited by V, milliliters of pure oxygen at 1 atm, W, is 
the weight of the sample solution in grams, and F is the ratio of ab- 
sorbance readings of a common dye solution in the standard cell to 
that in the sample cell. Results are averages of duplicate runs. 


RESULTS AND DISCUSSION 


The permeabilities of dry gelatin or collagen films to dry oxygen 
are extremely low. Lieberman et al. (11) made experimental runs 
with oxygen that gave values consistently in the range of values as- 
sociated with the permeability cell leakage rates. Hence, to obtain 
meaningful measurements of oxygen permeability through gelatin, 
the method used must be leak free, sensitive, and stable. The indi- 
go carmine or FD&C Blue No. 2 method (12, 13) exhibited color 
instability over the period of an experiment. Preliminary work 
with the present method showed no indication of color instability 
but revealed a water vapor problem. Over time the water vapor 
from the alkaline pyrogallic acid solution rendered the study of the 
effect of relative humidity on permeation rate rather difficult. This 
problem was resolved by the use of a 0.005-cm thick Teflon film as 
a backing for the soft gelatin film. This complicated the determi- 
nation of the gelatin film permeability coefficient somewhat, be- 
cause it seemed that the observed value then had to be corrected 
for the Teflon contribution. 


One may rationalize that if the Teflon film were to have an ob- 
servable effect, it would manifest itself on the system with the 
highest permeation rate in a particular study. In line with this rea- 
soning, permeation rates were determined in triplicate for a gelatin 
film made with 5096 glycerin at 80% relative humidity with Teflon 
film thicknesses of 0.005 and 0.01 cm. There was no significant 
change in the observed oxygen permeation rates when the Teflon 
thickness was doubled. This observation is in agreement with re- 
sults calculated by use of Eq. 5, given by Rogers et al. (14) for the 
Teflon film effect. Thus, oxygen permeation through the soft gela- 
tin film is the rate-limiting factor. Hence, it is not necessary to cor- 
rect for the Teflon film effect in the observed permeation rates as 
obtained under the conditions of the present study. 


The present study demands that the permeation apparatus be 
leak free and requires such a test. The use of mercury as a seal ade- 


quately prevents oxygen from going through the permeation film. 
Therefore, there are three other possible sites for leakage: the gas- 
ket and the two stopcocks. Hand grinding of each individual stop- 
cock and the use of a small amount of high vacuum stopcock grease 
help solve this problem. Teflon, polyethylene, and rubber gaskets 
were found to be inadequate in preventing oxygen leakage. Sur- 
prisingly, soft gelatin films make good gaskets and prevent oxygen 
leakage. Lead gaskets also may be used for this purpose. 


Under the conditions of the experiments (film thickness used, 
etc.), the water permeability through the Teflon film is about 200 
times slower than through the soft gelatin films. With the use of 
Teflon backing at  the higher relative humidity conditions, the soft 
gelatin films swell to a measurable degree. For this reason, thick- 
ness measurements were made at  the beginning and at  the end of 
each run, but only the final thickness was used for permeability 
calculations. 


When the alkaline pyrogallic acid solution is stored in a leak- 
free system, i t  is stable; the change in absorbance is reproducible 
as shown by standard calibrations done at  the beginning and the 
end of an experiment that may last several weeks. For this reason, 
the cell systems were tested for leakage by mercury sealing the test 
film before each oxygen permeation study. 


An elaboration of the chemistry of the reaction between oxygen 
and alkaline pyrogallic acid is beyond the scope of this paper. Ap- 
parently, there are at least two possible reaction pathways. The 
reaction is rapid, but the color produced is dependent on the oxy- 
gen flux. Rapid introduction of a larger bolus of air or oxygen into 
the system gave erratic results, probably from the formation of ir- 
reversible, nonstoichiometric dark-brown colors. In contrast, slow 
injections from a gas syringe of 40-p1 increments of oxygen or an 
equivalent amount of air produced a reproducible yellow color; the 
results are typical of those shown in Fig. 4. Apparently, for a 150-g 
solution, about 80 pl of oxygen was expended before the color pro- 
duction was linear. Therefore, the absorbance of the filled cell was 
adjusted to between 0.10 and 0.15 before the cell was tested for 
leakage. 


Oxygen permeability studies with Teflon and polyethylene films 
were designed to test the applicability of the equations, the corre- 
lation of experimental results with those available in the literature 
(15), and the effect of repetitive use of a Teflon film on its oxygen 
permeability. In preliminary runs with Teflon films, the use of 
pure oxygen was too rapid for accurate determination of the lag 
time and the permeability coefficient. Consequently, air was used. 
When humidity is not a factor, as in this case, air is convenient to 
use since an experiment can be started and stopped by manipulat- 
ing the mercury seal on top of the film. However, the oxygen per- 
meability coefficients were calculated for 1 atm of pure oxygen. 


Figure 5 shows plots of milliliters of oxygen from air that has 
permeated through new and used Teflon films uersus time in 


2 4 6 8 
HOURS 


Figure 5-Effects of new (0) and used (0) Teflon films on 
oxygen permeability rate at room temperature in a plot of 
milliliters of oxygen at 1 atm permeated across film versus 
time in hours 
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Table I-Mean Oxygen Permeability Coefficients 
and Their Ranges from Duplicate R u n s  of Teflon 
and Polyethylene Films Along with Values 
Taken from Ref. 15 


Permeability Coefficient, 
ml  cm/(cm2 24 hr atm) 


x 10-3 


Litera- 


Film 10 -3 cm Present Method Value 


Thick- ture 
ness X (15) 


New Teflon 5.334 4 . 1 8  i 0 . 1 4  2 . 9 5  
Used Teflon 5.334 3 . 1 5  f 0 . 3 0  - 
Polyethylene 7.620 1 . 8 0  f 0 . 0 7  2 . 1 1  


hours a t  room temperature. The extrapolated lag time in both 
cases is about 1.5 hr. The mean oxygen permeability coefficients 
with their ranges from duplicate runs of Teflon and polyethylene 
films are given in Table I along with those available from the liter- 
ature (15). In consideration of the variability of the films and other 
parameters used, the results obtained with the present method 
agree well with the sparse data in the literature. However, the 
small difference between new and used Teflon film may be signifi- 
cant. It is reasonable to expect a slightly lower oxygen permeabili- 
ty coefficient value for a used film as compared to a new one. 


The present study was limited to films made from one sample of. 
gelatin, to a film thickness between 0.04 and 0.1 cm, to room tem- 
perature (21 f lo),  to 32-63% initial glycerin concentrations, and 
to 31-80% relative humidity. Oxygen permeability measurements 
on soft gelatin films made with less than a 30% initial glycerin con- 
centration and conditions of less than 30% relative humidity are 
extremely slow, time consuming, and inaccurate. Thus, the param- 
eters chosen are such that an experiment usually can be completed 
in 2-3 weeks. 


The mean results from duplicate runs are given in Table 11. A 
typical plot is shown in Fig. 6 of milliliters of pure oxygen at 1 atm 
that had permeated across the test films, made with 32-63% initial 
glycerin, versus time in hours under a 72% relative humidity. Fig- 
ures 5 and 6 resemble those pressure change versus time plots of 
Higuchi and Aguiar (10) from their study of permeability of fats, 
waxes, and other enteric coating materials to water vapor. They 
were able to obtain lag times precisely by extrapolation of the lin- 
ear portion of the curve to the time axis. Presently, this is the case 
with Teflon films as shown in Fig. 5; however, an examination of 
Fig. 6 reveals that the lag times are erratic as compared to those 
obtained by using Teflon films alone. The reason is that at the be- 
ginning of each run the desired relative humidity conditions were 
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Figure 6-Typical plot showing the rate a t  room temperature 
and 72% relative humidity of oxygen at 1 atm permeated across 
soft gelatin capsule shell films made with initial glycerin con- 
centrations of 32 (A), 43 @), 53 (0), and 63 (0) % versus 
time in hours. 


Table 11-Mean Values from Duplicate Runs  Showing 
Effects of Glycerin Concentration and Storage Relative 
Humidity on  Oxygen Permeability Coefficients of Soft 
Gelatin Films at Room Temperature 


Rela- 


Humid- 
ity, % 32 43 53 63 


tive Initial Glycerin, % 


Permeability Coefficient, 
ml cm/(cm2 24 hr atm) X l o - '  


- 0.14" - 1 .04a 31 
21 - - - 0 . 6 4  -- 
47 - 0 . 3 1  0 . 8 0  1 . 5 8  
58 0 . 5 1  1 . 0 5  1 . 9 2  3 . 9 8  
72 2 . 4 0  3 . 4 2  5 . 8 9  7 . 9 7  
80 4 . 0 0  6 . 5 5  9 . 3 7  13.35 


Data obtained by Ox-Tran 100 method (4). 


difficult to establish. In the leak test, the gelatin film was sealed 
with mercury for a number of days. During this time, the gelatin 
film was able to equilibrate with the water vapor from the solution 
that had permeated across the Teflon film. After mercury removal 
to commence the run, the gelatin film required several hours to 
reach equilibrium with the desired relative humidity conditions. 
The initial higher moisture gelatin film resulted in a shorter lag 
time, whereas the equilibrium process lengthened it. As a result, 
the lag time was neither reproducible nor accurate. However, this 
has no bearing on the permeability coefficient determination be- 
cause it is calculated from the slope of the linear portion of the line 
when the system is at equilibrium and oxygen permeation has 
reached steady state. 


Relative Humidity-Water is part of the composition of gela- 
tin and also is contained in the soft gelatin film. It is reasonable to 
expect that relative humidity will have an effect on the physical 
and chemical properties of soft gelatin films. This part of the study 
was to determine the effect of relative humidity (percent) on the 
oxygen permeability of soft gelatin films. Figure 7 shows this effect 
in a plot of the logarithm of the oxygen permeability coefficient of 
soft gelatin films made with different initial glycerin concentra- 
tions uersus relative humidity. The values obtained by two differ- 
ent methods correspond quite well. As can be seen, the logarithm 
of the oxygen permeability coefficient is a linear function of rela- 
tive humidity. The higher the relative humidity, the exponentially 
higher is the oxygen permeability for the several initial glycerin 
concentrations. However, it is surprising that the straight lines, 
when extrapolated to 100% relative humidity, seem to converge 
into a single value. 


In any event, soft gelatin capsules should be stored below 50% 
relative humidity in a cool place or a t  room temperature. Under 
such storage conditions, oxygen permeability across a soft gelatin 
capsule shell is limited to very low values under pure oxygen atmo- 
spheric conditions (Table 11). When stored in air a t  atmospheric 
pressure and in a cool, dry place, the oxygen permeability coeffi- 
cients are about one-fifth of these values or about 1 X ml 
cm/cm2 24 hr atm. 


Plasticizers-Glycerin is the most commonly used plasticizer 
in the manufacture of soft gelatin capsules. As part of the soft gela- 


Table 111-Mean Oxygen Permeability Coefficients 
f rom Duplicate Runs for Soft Gelatin Films Made with 
Several Different Plasticizers at a n  Initial 43% 
Concentration, 72% Relative Humidity, and at  Room 
Temperature Along with Their Corresponding 
Equilibrium Water  Concentration 


Permeability 
Coefficient, 


ml  cm/(cm2 24 hr  Water, 
Plasticizer a tm)  X % w/w 


Glycerin 3 . 4 2  f 0.00 2 3 . 6  
Sorbitol-glycerin (1: 1) 1 . 3 2  f 0 . 0 4  2 2 . 3  
Hexaglycerol 0 . 7 1  f 0 . 1 3  2 0 . 0  
Decaglycerol 0 . 6 7  + 0 . 0 7  20.0 
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Figure ?-Plot of the logarithm of the oxygen permeability 
coefficient, P, versus percent relative humidity at room tempera- 
ture for soft gelatin capsule shell films made with several initial 
percent glycerin concentrations (given in figure). Solid circle 
and solid squure data were obtained by a commercial method 
(4) .  Halved open circle data were obtained by extrapolating 
lines in Fig. 8 to 0% glycerin. Crossed solid circle data were 
taken from Ref. 11. 


tin composition, it could be expected to affect significantly the 
oxygen permeability behavior of the capsule shells. Figure 8 is a 
plot of the logarithm of the oxygen permeability coefficients of soft 
gelatin films as a function of the initial glycerin concentration 
(percent) at the several relative humidity conditions. Again, the 
straight lines indicate that the logarithm of the oxygen permeabili- 
ty coefficients is a linear function of glycerin concentration in soft 
gelatin films. The higher the initial glycerin in the soft gelatin film, 
the exponentially higher their oxygen permeability coefficient 
values will be. However, the initial glycerin concentration of soft 
gelatin capsule shells is usually below 50%. If the soft gelatin cap- 
sules are stored under the recommended conditions (a cool, dry 
place in air), the oxygen permeability across the capsule shell will 
be limited to less than a value of 1.6 X 


Table I11 lists the mean oxygen permeability coefficients and 
their ranges from duplicate runs of soft gelatin films made with 
glycerin, sorbito-glycerin (l:l), hexaglycerol, and decaglycerol a t  
an initial 43% plasticizer concentration, 72% relative humidity, and 
room temperature. If the permeability coefficient of the film made 
with glycerin is set a t  low, then the ones for sorbitol-glycerin (1: 
l), hexaglycerol, and decaglycerol will be 38.7, 20.8, and 19.5%, re- 
spectively. As can be seen, oxygen appears to be more permeable 
through gelatin films made with glycerin than with other plasticiz- 
ers. Therefore, the use of plasticizers such as sorbitol and polygly- 
cerols should be considered in the design and formulation of cap- 
sule shells for oxygen-labile drugs. 


Equilibrium Water Concentration-Previous discussions on 
relative humidity and plasticizers could lead to speculation that 
equilibrium water concentration may be the common factor af- 
fecting oxygen permeability across soft gelatin films. In this study, 
pieces of soft gelatin films that were used in the permeation exper- 
iments were suspended with stainless steel wires in identical envi- 
ronmental conditions. The weight of each piece of film was moni- 


ml cm/cm2 24 hr atm. 
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Figure I-Plot of the logarithm of the oxygen permeability 
coefficient, P, versus the initial percent glycerin concentration in 
soft gelatin capsule shell films at room temperature and rela- 
tiue humidity values from 31 to 80% (giuen in figure). Solid 
circle data were obtained by a commercial method (4) .  


INITIAL GLYCERIN, % 


tored by periodic weighing. Constant weight was taken as the crite- 
rion for equilibrium. Equilibrium water concentration of each 
piece of soft gelatin film was calculated from knowledge of the 
final weight, final water content as determined by Karl-Fischer ti- 
tration, and initial composition. These results are plotted in Fig. 9 
for several initial glycerin concentrations and relative humidity 
conditions. The values for 0% glycerin films were taken from the 
paper by Bull (16). 


For all relative humidity conditions, the equilibrium water con- 
centration is relatively constant between 0 and 40% initial glycerin 
and then rises with increases in initial glycerin. There seems to be 
a minimum a t  about 35% initial glycerin for soft gelatin films 
stored below 50% relative humidity. This finding is interesting 
since most soft gelatin capsules in this area are manufactured with 
this amount of glycerin and stored at this relative humidity. The 
use of about 35% initial glycerin concentration was determined 
empirically many years ago. On a more theoretical basis, the glyc- 
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Figure 9-Plot of percent equilibrium water versus percent 
initiat'glycerin in soft gelatin films at mom temperature and 
rehtiue humidity of 31 (A), 47 (A), 58 (El), 72 (O) ,  and 80 
(0) %. 
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Table IV-Mean Values and Ranges from Duplicate Runs 
Showing the  Effects of a Solid Additive on Oxygen 
Permeability Coe5cients of Soft Gelatin Films at 72% 
Relative Humidity 


Ini- 
tial Permeability Coefficient, m l  cm/ 


Glyc- (cm* 24 hr a tm)  X De- 
enn,  crease, 


% 0% TiOp 5% TiOz % 


43 3 .42  f 0.00 2 .61  f 0 . 2 9  2 3 . 7  
63 7 . 8 4  f 0 . 5 1  6 . 0 0  f 1 . 5 9  23 .5  


erin molecule solvates only one hydrophilic group of the gelatin 
molecule (17). By assuming that each amino acid subunit repre- 
sents one hydrophilic group and knowing the gelatin composition, 
a near 1:1 molar ratio of glycerin to amino acid subunit can be cal- 
culated for the 35% initial glycerin soft gelatin film. 


Without holding the relative humidity conditions constant, the 
effect of an equilibrium water concentration on oxygen permeabili- 
ty coefficients of soft gelatin films may be shown as in Fig. 10. 
Here the logarithm of the oxygen permeability coefficients are 
plotted as a function of the equilibrium mole percent water. The 
relationship is linear. The reason could be that as the amount of 
water in the films increases, the water becomes the dominant fac- 
tor and the curve asymptotically approaches the oxygen perme- 
ability coefficient value of water. If the equilibrium water concen- 
tration (percent) in Table I11 were converted to mole percent and 
the results were'plotted uersus their respective log P values in Fig. 
10, they would fall on top of the straight line. This indicates that 
the plasticizers control the equilibrium water concentration in a 
given soft gelatin film, but their respective equilibrium water con- 
centration has the greatest effect on the oxygen permeability coef- 
ficient. 


Insoluble Solid Additive-The addition of insoluble solid par- 
ticles to soft gelatin capsule shells represents an increase in the 
tortuosity of the path that the permeating gas must flow. The end 
result is a decrease in the permeability coefficient value as com- 
pared to an identical film under the same conditions. The results 
from such a comparative study are given in Table IV for 0 and 5% 
titanium dioxide added to soft gelatin films made with 43 and 63% 
initial glycerin concentrations i t  72% relative humidity. The de- 
creases in the oxygen P values are 23.7 and 23.5% for the films 
made with 43 and 63% initial glycerin, respectively. There is little 
difference in the two results. However, the usual amount of titani- 
um dioxide added to soft gelatin capsule shells is 1% or less. The 
use of such a small amount of an insoluble additive has a minimal 
effect on the oxygen permeability coefficient of a given soft gelatin 
capsule shell. Thus far, the main purpose for using insoluble solid 
additives in soft gelatin capsules is to obtain pharmaceutical ele- 
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Figure 10-Plot of the logarithm of the oxygen permeability 
coefficient, P, versus the equilibrium mole percent water i n  soft 
gelatin capsule shell films a t  room temperature. 


Table V-Nine Separate Runs  Showing the  Final Film 
Thickness Effect on Oxygen Permeability Coefficients of 
Soft Gelatin Films Made with 53% Initial Glycerin at 
80% Relative Humidity 


Oxygen 
Per- 


Final meated, 


Thickness (cmz 24 
X 10-2 hr a tm)  Permeability Coefficient, 


Film ml/  


c m  X l o w z  ml cm/(cm2 24 hr atm) X 10-4 


4 . 0 1  2 . 2 6  9 . 0 6  
4 . 2 7  2 . 1 7  9 . 2 7  
5 .46  1 . 7 2  9.39 
5 . 7 9  1 . 5 9  
6 . 0 5  1 . 5 8  
7 . 1 1  1 . 2 4  
7 . 6 2  1 . 3 3  


- 
9 . 2 1  
9 . 5 6  
8 . 8 2  


10 .13  
9 . 8 8  1 . 0 6  10.47 
9 . 9 3  0 . 8 5  8 . 4 4  ___ 


Mean f SD = 9.37  f 0 . 6 2  


gance. This purpose may change in the future, especially when 
more suitable additives are found. 


Film Thickness-A rearrangement of Eq. 2 shows that the vol- 
ume of a gas permeated across a given film is directly proportional 
to the reciprocal of the film thickness. Table V presents the results 
from nine separate runs of oxygen volume permeated across soft 
gelatin films, at a thickness from 4.01 to 9.93 X cm, made 
with a 53% initial glycerin concentration at  80% relative humidity. 
Figure 11 shows that the results obey the permeability equation in 
the form of a straight line going through the origin in a plot of the 
volume of oxygen permeated uersus the reciprocal of the final film 
thickness. Table V also gives the average of the nine oxygen per- 
meability coefficients and its standard deviation: 9.37 f 0.62 X 


Oxygen Partial Pressure-With reference to Eq. 2, it  can be 
shown that the volume of a gas permeated through a given film is 
directly proportional to the partial pressure difference (Ap) across 
the film. In the present method, A p  is equal to p1 because p2 is 
zero or approaches zero. For this reason, it is not difficult to dem- 
onstrate the oxygen partial pressure effect on permeability a t  room 
temperature. All that is necessary is to subject the same perme- 
ability cell system to air and then to pure oxygen. In this manner 
all variables are the same except the oxygen partial pressure. 


Results from such an experiment are depicted in Fig. 12, where 
the amount of oxygen permeated in milliliters X is plotted 
against the oxygen partial pressure in atmosphere for cm2 X 24 


ml cm/cm2 24 hr atm. 
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Figure 11-Plot of volume of oxygen permeated versus the 
reciprocal of film thickness per 24 hr X cm2 X atm for soft 
gelatin films made with 53% initial glycerin a t  80% dative 
humidity. 
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Figure 1%-Plot of the volume of oxygen permeated versus 
oxygen partial pressure per cm2 X 24 hr/cm through soft gelatin 
films made with 53% initial glycerin at  80% relative humidity. 


hr/cm through soft gelatin films made with 53% initial glycerin a t  
80% relative humidity. In accordance with Eq. 2, the plot is a 
straight line going through the origin and the two points, 0.2 (air) 
and 1.0 (pure oxygen) atmosphere. Hence, by the use of this oxy- 
gen partial pressure effect, it is convenient, where desired, to speed 
up or to slow down a particular permeability study with the pres- 
ent method. 


SUMMARY 


A method is described for a study of the effects of various fac- 
tors on oxygen permeability behavior of soft gelatin capsule shells. 
The method involves the use of a permeability cell assembly and 
the spectrophotometric determination of the amount of oxygen 
permeated into an alkaline pyrogallic acid solution. The validity of 
the method was confirmed by a correlation study with a commer- 
cially available method and with literature values. 


The present method has enabled the investigation, a t  room tem- 
perature, of the influence of relative humidity (percent), types of 
plasticizers and their concentrations, equilibrium water concentra- 
tions, an insoluble solid additive (titanium dioxide), oxygen partial 
pressure, and film thickness on the oxygen permeability of soft gel- 
atin films. The plasticizer and relative humidity control the equi- 
librium water concentration, with the latter having the greater ef- 
fect on oxygen permeability. In a comparative study, the insoluble 
solid additive appeared to increase the tortuosity of the film and 
resulted in a decrease in the oxygen permeability coefficient value. 
The results from the study of the effects of film thickness of soft 


gelatin films and oxygen partial pressure correlated well with the 
permeability equation. 


In conclusion, various factors have been demonstrated to influ- 
ence oxygen permeability of soft gelatin capsule shell films. A 
knowledge of these relationships is helpful in the formation of soft 
gelatin capsule shells for the capsulation of oxygen-labile drugs 
and other materials. For the greatest stability against oxygen deg- 
radation of such encapsulated ingredients, it is recommended that 
the soft gelatin capsule shells be made with a lower concentration 
of plasticizer and that the finished capsules be stored in a dry, cool 
place. 
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Fluorometric and GLC Analyses of Aristolochic Acid 


KOPPAKA V. RAO", YASAR TANRIKUT, and KARON KILLION 


Abstract Aristolochic acid is a natural product with possible 
implication in Balkan endemic nephropathy. A convenient fluoro- 
metric assay for the compound is described, based on reduction to 
the lactam and measurement of the intensity of fluorescence. The 
limit of sensitivity was 0.05 pg/ml. A GLC assay is also described, 
based on flash methylation of aristolochic acid and its lactam using 
trimethylanilinium hydroxide. Conditions for optimum perfor- 
mance with a sensitivity limit of 1-5 pg/ml are described. 


Keyphrases Aristolochic acid-fluorometric and GLC analyses 
Fluorometry-analysis, aristolochic acid 0 GLC-analysis, aris- 


tolochic acid 


Aristolochic acid is a natural product of unusual 
interest. It is one of the few naturally occurring or- 
ganic compounds to contain a nitro group. The com- 
pound has significant activity against certain experi- 
mental neoplasms such as adenocarcinoma 755 (1). 
After a brief study, clinical trials in human patients 
were abandoned because of its nephrotoxic effects 
(2). More recently, the compound has been implicat- 
ed as a probable causative agent in Balkan endemic 
nephropathy (3,4). 


The plant, Aristolochia clematitis, grows as a weed 
in certain areas of the Balkan region. It has been sug- 
gested that the aristolochic acid from this weed 
might find itself either in the diet (through contami- 
nation of its seeds in the wheat) or the water supplies 
(through seepage from the roots). To assess the valid- 
ity of this hypothesis, it  is necessary to examine large 
numbers of grain and water samples from the region 
as well as samples of biological fluids from patients 
affected. A convenient and sensitive test is therefore 
essential. 


Paper chromatographic analysis was used to detect 
and separate aristolochic acid in body fluids (5), and 
it was also separated by chromatography on a mix- 
ture of silica gel and cellulose (6). Spectral methods 
were used in both procedures for the identification. 
Polarography was employed for the quantitative 
analysis of the acid (7). 


Aristolochic acid (I) is a phenanthrene deriva- 
tive (8-methoxy-6-nitrophenanthro-[3,4-d]-1,3-diox- 
ole-5-carboxylic acid). It has a characteristic UV ab- 
sorption spectrum with maxima at  390, 318, and 250 
nm (log E 3.81, 4.08, and 4.34, respectively). Although 
the intensity a t  250 nm is high, serious interference 


I I1 


from other compounds absorbing in this region 
makes it useless for an analytical method. The com- 
pound exhibits no characteristic fluorescence. How- 
ever, on reduction, i t  forms a lactam (11) which does 
show intense fluorescence (8). This property, there- 
fore, offers a possibility for a fluorometric assay for 
aristolochic acid. This paper describes a convenient 
and sensitive assay based on reduction to the lactam 
and measurement of the intensity of fluorescence. 


A second possible assay method based on GLC was 
studied. I t  is common practice to convert carboxylic 
acids to their esters to increase their volatility in this 
system. One convenient reagent is diazomethane, 
which gives quantitative conversion to the methyl 
ester. Recently, a methylation method using 0.1 M 
trimethylanilinium hydroxide was described, which 
has the advantage that the reaction can be carried 
out in the gas chromatograph itself (9). Application 
of this method to the analysis of aristolochic acid was 
studied, and the results are presented here. 


EXPERIMENTAL 


The sample of aristolochic acid was obtained by extraction from 
the seeds of A. clematitis' (6,lO). Finely ground seeds (100 g) were 
stirred with ethanol for 24 hr and filtered. After three such extrac- 
tions, the combined extract was concentrated to a syrup and parti- 
tioned between ethyl acetate and 0.5 N HCI. The solvent layer was 
washed twice with 5% aqueous sodium bicarbonate. The yellow 
precipitate obtained on acidification of the bicarbonate layers was 
filtered and purified by chromatography on silicic acid2 (100 
mesh), with chloroform as the solvent. The major yellow band on 
concentration gave aristolochic acid, which was further purified by 
preparative TLC using a silica gel plate3 developed with chloro- 
form-methanol (9:l). 


The aristolochic acid recovered from the bright-yellow hand was 
crystallized twice from methanol-chloroform (l:l), mp 283-285O. 
It behaved as a single component in TLC in two different systems, 
and its spectral properties were identical with those descrihed in 
the literature. GLC analysis (described below) also indicated its 
homogeneity. 


To make the assays more representative of A. clernatitis and to 
have a more readily available standard, the yellow precipitate 
(which was a mixture of two major and two or three minor mem- 
bers of the aristolochic acid group) was crystallized twice from 
methanol and chloroform. The bright-yellow crystalline solid thus 
obtained consisted of aristolochic acid (75%) and aristolochic acid- 
I1 (25%)4. It was used for the routine GLC assays. 


Fluorometric Assay-A fluorescence spectrophotometer" with 
a 150-w xenon lamp was used. The monochromator was calibrated 
against the line emission spectrum of xenon. The  spectra were un- 
corrected for wavelength response of the lamp, monochromator, 


' A sample of dried fruits from Yugoslavia was received from Morton 
Robins, Director, Regional Medical Program Service, Department of Health, 
Education, and Welfare. A voucher sample was preserved a t  the herbarium 
in the Department of Botany, University of Florida. 


Mallinckrodt. 
E. Merck, PF254+360. 
This refers to a compound with the same structure as that  of aristolochic 


acid but without the methoxyl group. The nomenclature is that used in 
Chemical Abstracts. 


Perkin-Elmer model MPF-2A. 
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Figure 1-Standard curve forfluorometric assay of aristolochic 
acid (0).  Key: A, recovery from urine. 


and phototube. The solutions were not freed from dissolved air. 
Measurements were made in 1-cm silica cells. 


The following procedure was used. To 5 ml of a solution of aris- 
tolochic acid in 1% aqueous sodium bicarbonate (concentration 
range 0.05-0.5 pg/ml) in a 30-ml separator was added solid sodium 
hydrosulfite (10-20 mg). After 5 min, the solution was diluted with 
5 ml of 1 M phosphate buffer (pH 7) and extracted with chloro- 
form (5 ml). The extract was filtered through a small piece of cot- 
ton into a 10-ml volumetric flask. A second extraction was carried 
out with chloroform, and the two were combined in the volumetric 
flask and diluted to  volume. 


The reduction and extraction were found to be quantitative, as 
shown by UV spectrophotometry. The fluorescence spectrum of 
the extract was obtained with the excitation wavelength set at 340 
nm. Depending on the settings for the emission slit, excitation slit, 
and reference and sample sensitivities, the overall sensitivity of the 
assay can vary. With median settings, linearity of response was ob- 
served in the concentration range of 0.05-0.5 fig/ml. I t  is necessary 
to set up a “standard curve” for each set of assays performed. 


GLC-The assays were performed on a gas chromatograph6 
equipped with a flame-ionization detector. A glass U-shaped col- 
umn (183 cm long and 0.63 cm 0.d.) was packed with 3% SE 30 on 
100-200-mesh column packing7, conditioned at 300” for 18 hr. He- 
lium, the carrier gas, was maintained a t  55 ml/min; the flow rate 
for hydrogen was 45 ml/min and that for air was 300 ml/min. The 
injector and detector were kept at 300”. The column oven temper- 
ature was maintained at 260‘. 


Procedure for Biological Samples-Urine samples (1-5 ml) 
containing aristolochic acid were extracted a t  pH 2-3 with chloro- 
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Figure 2-Standard curve for aristolochic acid. 


Varian model 2100 (Varian Aerograph, Walnut Creek, Calif.) equipped 


Varaport 30 from Varian Aerograph, Walnut Creek, Calif. 
with a Varian Model A-25 strip-chart recorder. 
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Table I-Recovery of Aristolochic Acid Added to Urine 


Added, Recovered, Recovery,  
mg/ml mg/ml % 


0.15 0.15 100 
0.30 0 .30  100 
0.30  0.29 97 
0.45  0 .44  98 


form (10 ml) in a 30-ml separator. The solvent layer was placed in 
a centrifuge tube and evaporated to dryness in a water bath (50O) 
under a gentle stream of air filtered through glass wool. 
Derivatization-Trimethylanilinium hydroxide (9) (100 pl of 


0.1 M) was added to  the evaporated sample, and the volume was 
made up to  2 ml with methanol. Then 5 pl of this solution was in- 
jected into the gas chromatograph. Two injections were made for 
each sample. Under the conditions described, aristolochic acid 
emerged as a sharp peak a t  9.7 min. 


RESULTS AND DISCUSSION 


When the chloroform solutions of the aristololactam were excit- 
ed a t  340 nm, a characteristic emission spectrum with a maximum 
at 425 nm was obtained. Using this spectrum as the standard, 
quantitative recoveries of aristolochic acid were obtained a t  vari- 
ous concentrations (Fig. 1). Recovery of added aristolochic acid to 
urine is also shown in Fig. 1. Depending on the sensitivity settings 
used, the baseline of the fluorescence spectrum may vary and the 
standard curve may not pass through the origin. The deviation is 
usually slight, and the use of a standard curve with each batch of 
assays will compensate for it. 


Three reducing agents were studied: stannous chloride, ammo- 
nium sulfide, and sodium hydrosulfite. Of these, stannous chloride 
requires acid conditions a t  which aristolochic acid has rather low 
solubility. Ammonium sulfide gave slow reduction. Sodium hydro- 
sulfite gave the fastest reaction in a neutral medium. 


The lactam showed much lower intensity of fluorescence in an 
aqueous medium, and interference from other biological constitu- 
ents could cause problems. Hence, extraction with a solvent was 
considered necessary. Among the three solvents studied (ether, 
ethyl acetate, and chloroform), chloroform was the most conve- 
nient. Two extractions a t  pH 7 gave complete recovery of the lac- 
tam in the solvent layer. 


The fluorometric assay is convenient and sensitive. With proper 
controls and higher sensitivity settings, concentrations of 0.02-0.05 
Gg/ml of aristolochic acid can be determined after reduction to the 
lactam. 


For the GLC assay, a plot of the peak height versus the concen- 
tration is shown in Fig. 2. The minimum detectable concentration 
was 0.01 mg/ml (or 0.025 pg/5 p1 injected.) By using a 2- or 5-ml 
sample, the limit can be lowered further. 
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Figure 3-Recovery of aristolochic acid from urine. 
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Figure 4-Gas chromatogram of aristolochic acid with the 
addition of trimethylanilinium hydroxide. (Aristolochic acid 
concentration = 0.4 mg/ml; attenuation, 8 X For other 
details, see text.) 


Recovery of aristolochic acid added to urine is shown in Table I 
and Fig. 3. A blank was set up and processed the same way, and it 
gave no interfering peaks in the region of interest. 


To confirm that the peak observed was due to the methyl ester, 
aristolochic acid was esterified with diazomethane and the authen- 
tic sample of the methyl ester was injected into the gas chromato- 
graph. A peak with the same retention time (9.7 min) was ob- 
served. Figure 4 shows a typical chromatogram of aristolochic acid 
together with the minor component isolated from A. clematitis. 


Since there is a possibility that aristolochic acid might undergo 
metabolic reduction and be excreted as the lactam, it was decided 
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Figure 5-Standard curve for reduced aristolochic acid (lac- 
tam). 


to study the GLC characteristics of this compound. The lactam 
was prepared by the reduction of aristolochic acid with sodium hy- 
drosulfite, and a standard curve was obtained in the usual manner 
(Fig. 5). The compound emerged as a sharp peak with a retention 
time of 3.0 min. 
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Timed-Release Depot for Anticancer Agents 


SEYMOUR YOLLES *x, THOMAS D. LEAFE *, and FRANCIS J. MEYER * 


Abstract 0 The timed-release of anticancer agents from compos- 
ites with poly(1actic acid) was studied in rats. In the case of cyclo- 
phosphamide-poly(1actic acid) composites, 67% of the adminis- 
tered dose was released within 34 days. With cis-dichlorodiam- 
mineplatinum (II), the amount of drug released was only 9.3% 
within the same period. This difference might be attributed to the 
different solubilities of these two drugs in the polymer. Electron 
spectroscopy chemical analysis, a new tool, was used to investigate 
the extent of diffusion of drugs in polymer films. 


Keyphrases 0 Cyclophosphamide-timed-release formulation 
with poly(1actic acid), release characteristics, electron spectra 


cis-Dichlorodiammineplatinum (11)-timed-release formula- 
tion with poly(1actic acid), release characteristics, electron spec- 
tra Anticancer agents-poly(1actic acid) timed-release formula- 
tions of cyclophosphamide and cis -dichlorodiammineplatinum 
(11) 0 Timed-release formulations-cyclophosphamide and cis - 
dichlorodiammineplatinum (11) with poly(1actic acid) 


The controlled release of narcotic antagonists from 
composites with poly(1actic acid) in film and in parti- 
cle form was reported previously (1, 2). No data have 
been found on the release of anticancer agents from 
polymeric matrixes. The present investigation was 
undertaken to determine in experiments in uiuo the 
amounts of two potent anticancer agents, cyclophos- 
phamide', 2-[bis(2-~hloroethyl)amino] tetrahydro- 
2H -1,3,2-oxazaphosphorine 2-oxide (Compound I), 
and cis -dichlorodiammineplatinum2 (11) (Compound 
11) (3-5), released from poly(1actic acid) composites. 


EXPERIMENTAL 


The electron spectra were recorded on an electron spectrometer 
for chemical analysis3. The scan rate was 0.05 ev/sec. The recorder 
used the following parameters: integral X-Y; X axis scale, 2 ev/ 
cm; Y sensitivities compared on the same basis. 


Preparat ion of Cyclophosphamide (I)-Poly(1actic acid) 
Composites-A mixture of 0.3680 g of I, 1.3996 g of poly(1actic 
acid) (11, and 0.0975 g of tributyl citrate was dissolved in 100 ml of 
methylene chloride. The solution was evaporated to dryness; the 
residue, wrapped in aluminum foil, was melt-pressed4 a t  170" 
under a total load of 3 metric tons for 30 sec (shims 0.91 mm thick 
were used) to produce translucent films of uniform thickness in 
which no imperfection due to air or gas was observed. 


Preparat ion of cis-Dichlorodiammineplatinum (11)-Poly- 
(lactic acid) Composites-Compound I1 (0.5078 g) was added to 
a solution of poly(1actic acid) (1) (1.8675 g) and tributyl citrate 
(0.1257 g) in methylene chloride. The fine suspension was evapo- 
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Figure 1-Electron spectra of a I-poly (lactic acid) 
composite before implantation (top) and at the end of the 
experiment (bottom). 


rated to dryness, and the residue was pressed as in the preparation 
of I composites. The films obtained were opaque and of uniform 
thickness, in which no imperfection due to air or gas was observed. 


Experiments In Vivo with I Composites-These experiments 
were performed on groups of three male Sprague-Dawley rats fol- 
lowing the implantation method previously described (l) ,  using 
films of 2-cm2 size and 120-mg weight (average of three tests) and 
containing 20% of drug. The amount of I released during the test 
was determined from the percentages of nitrogen and phosphorous 
present in the film at the end of the test (N, 0.77%; P, 0.70%) com- 
pared with those present in the film before implantation (N, 
2.14% P, 2.37%). 


Experiments lo Vivo with I1 Composites-These experi- 
ments were performed on groups of three male Sprague-Dawley 
rats by the implantation method previously described (1). using 
films of 2 cm2 and 360-mg weight (average of three experiments) 
and containing 20% of drug or 47 mg of platinum per rat. The re- 
lease rate of drug as a function of time was determined by measur- 
ing periodically the amounts of platinum excreted in urine during 
the test. The total amount of drug released from the composite was 
determined from the percent of platinum found in the film at  the 
end of the test (Pt, 11.8%) compared with that present in the film 
before implantation (Pt, 13.01%). 


RESULTS AND DISCUSSION 


As shown by the amounts of nitrogen and phosphorus present in 
the I-poly(1actic acid) composites before and after the in L'LL'O test, 
an average of 67% of the administered dose is released over 34 
days. This result demonstrates the feasibility of a sustained deliv- 
ery of I from the poly(1actic acid) composite. This feasibility is fu r -  
ther substantiated by the electron spectroscopy chemical analysis 
spectra of the composite recorded before implantation and at  the 
end of the test (Fig. 1). The peaks of chlorine and phosphorus 
atoms show a considerable decrease in intensity at  the end of the 
test. 


Determination of the release rate of I hy measuring the amounts 
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Figure 2-Electron spectra of 11-poly (lactic acid) composite 
before implantation (top) and at  the end of the experiment 
(bottom). 


of nitrogen and phosphorus excreted in urine was not performed 
since nitrogen and phosphorus compounds are normally present in 
urine. 


The release rate of I1 from poly(1actic acid) composites, deter- 
mined from the amount of platinum in urine, is slow and decreases 
to a small amount after 18 days from implantation (Table I). The 
cumulative amount of drug in the urine, expressed as percent of 
the administered dose, is 3.85; the amount of drug released from 
the composite during the test, calculated from the amount of drug 
remaining in the film at  the end of the test, is 9.3%. These results 
indicate that a significant amount of drug unaccounted for either 
remains sequestered within the animal or is eliminated through 
ways other than the urine. The presence of large amounts of drug 
left in the composite a t  the end of the experiment is also shown by 
the electron spectroscopy chemical analysis spectra (Fig. 2). 


The relatively low amount of platinum compound in the surface 


Table I-Amounts of Platinum and Cumulative Percent 
of Dose Excreted in Urine 


Milligrams Cumulative Cumulative 
Period, of Platinum Milligrams Percent of 


Dose days in 4 Days of Plat inum 


0-4 0 . 8 8  0 .88  1 . 8 7  
4-8 0 .52  1 .40  2.97 
8-1 2 0.24 1.65 3 . 2 1  


12--18 0.06 1 . 7 1  3.63 
18-26 0 . 0 5  1 .76  3 . 7 4  
26-34 0.05 1 . 8 1  3.85 


of the original film, as shown by the electron energy spectra, is at- 
tributed to i ts  very low solubility in the polymer and its low rate of 
diffusion. But I, being more soluble in the polymer, appeared to a 
considerable extent in the surface of the original film. These solu- 
bility observations are further borne out by the physical appear- 
ance of the respective films, that of I being translucent and that of 
platinum compound being opaque. The electron spectroscopic 
technique is being studied further for measuring the diffusion rate 
of drugs in polymer films. 


In addition, differences in the release of these two drugs can be 
attributed to differences in solubilities in water. The solubility of I 
in water is 40 g/liter (6) and that of I1 is 2.2 g/liter (7). 


These results prove the feasibility of a timed-release system for 
delivering anticancer agents and suggest that this concept of timed 
release is of great potential for use in cancer therapy. 
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RESEARCH ARTICLES 


Selection of a Reference Partitioning System for 
Drug Design Work 


R. NELSON SMITH =, CORWIN HANSCH, and MATTHEW M. AMES 


Abstract 0 Consideration of the structural, polar, and transport 
properties of water-saturated solvent and solvent-saturated water 
phases of three general and eight specific binary systems leads to 
the conclusion that the n-octanol-water system is a very good all- 
round compromise for use as a reference system for biological par- 
titioning in drug design work. 


Keyphrases 0 Partitioning systems-selection of a reference for 
drug design work, structural, polar, and transport properties of sol- 
vent and water phases, n-octanol-water system and others 


Biological partitioning-reference systems, structural, polar, 
and transport properties of solvent and water phases Transport- 
selection of a reference partitioning system for drug design work 


Apart from its intrinsic chemical ability to act a t  
the active site, a biologically active species can exert 
its influence only if it can reach the active site by a 
transport process that involves passage through both 
hydrophilic and lipophilic barriers in the biological 
system. As a consequence, an important aspect of 
drug design is the modification of the hydrophobic 
character of compounds possessing a desired intrinsic 
chemical activity so as to optimize their transport to, 
and their binding at, the activi? site. This is clearly a 
partitioning problem, and the need for a “synthetic” 
reference biological system is a t  once apparent if such 
modifications and development are to be carried on 
expeditiously and reproducibly. As a result, various 
solvent-water systems have been employed with the 
intent that the solvent represent the lipophilic phase 
of biological systems and. the water represent the hy- 
drophilic phase. 


The 5806 partition coefficients listed by Leo et al. 
(1) (about 9000 values are currently in the data bank) 
stand as some measure of the current importance of 
these values. The past decade has seen a very rapid 
development, both in magnitude and sophistication, 
of the correlation of molecular structure with biologi- 
cal activity based on a system that considers the par- 
tition coefficient of the biologically active compound 
in a reference partitioning system to be a major (if 
not the major) parameter in the correlation equation. 
Although the original concept was put forth at the 
beginning of this century, the recent rapid develop- 
ment has been facilitated by the computerization of 
the techniques of linear regression analysis and the 
inclusion of other structural parameters; the princi- 
ples are now firmly established as a major tool for 
drug design. . 


A problem associated with the current situation is 


that of relating the correlations based on one refer- 
ence system to those based on another. This problem 
has been dealt with statistically (l), but it is hoped 
that through such papers as the present one this 
problem can eventually be lessened by mutual agree- 
ment on one system, or type of system, that has sig- 
nificant advantages over the others. 


At the outset, i t  must be realized that all biological 
systems, or parts of them, are far too complicated to 
be really closely mimicked, even with respect only to 
hydrophobic characteristics, by a simple two-phase 
system. Furthermore, it must be realized that in bio- 
logical systems the lipophilic phases are not “pure 
hydrocarbon” in nature but are associated with sig- 
nificant amounts of water held by the polar and/or 
ionic portions of the macromolecules of which they 
are composed. These polar areas and their associated 
water molecules have a profound effect on the lipo- 
philicity of these phases. 


There is a tendency to think of partition coeffi- 
cients as coming from reference systems composed of 
one pure solvent phase and one pure water phase, 
but, in fact, the partition coefficients refer to systems 
composed of two binary phases, a water-saturated 
solvent phase and a solvent-saturated water phase. 
One objective of this paper is to examine the effect of 
saturation on the structure and properties of a given 
phase. The eight solvents compared here vary tre- 
mendously in their hydrophobicity and in their abili- 
ty to dissolve water, but on the whole they have rela- 
tively small solubility in water. 


It should also be emphasized that, to be useful, a 
partition coefficient (P) must characterize the trans- 
fer of only a simple molecular form (or forms) in 
which it exists in these phases. To determine P, the 
experimentally determined amounts of partitioned 
solute per unit volume in each phase (the ratio being 
referred to as the distribution ratio) must be correct- 
ed to take account of the various molecular species 
with which it is in equilibrium. For many solutes, this 
can be achieved rigorously only by application of cou- 
pled spectroscopic-computer techniques or inferen- 
tially from the study of P as a function of concentra- 
tion based on the assumed existence of molecular 
species. The uncertainties in calculation of true 
values of P will vary with the partitioning systems. 
For routine use, it is desirable to have a reference sys- 
tem that minimizes these uncertainties for as wide a 
range of solutes as possible. 


This study shows the effects of saturation on the 
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dielectric constant, density, viscosity, and enthalpy 
of activation of viscous flow, and they are interpreted 
along with related measurements (including IR and 
NMR) made by others. 


EXPERIMENTAL 


All experimental measurements were made at  temperatures 
within 4~0.05~ of the values shown, as determined against a recent- 
ly factory-calibrated piezo-electric quartz thermometer’. The mo- 
lecular composition of the olive oil2 was determined by GC analysis 
of the methyl esters of the fatty acids obtained by saponification; 
the molecular weight was thus calculated to be 875.6 g/mole. 
Oleyl alcohol was reagent grade. 1-Octanol was .reagent grade 
subjected to the following treatment: (a) shaking with dilute sodi- 
um hydroxide, (b) shaking with dilute sulfuric acid, (c) drying 
with excess anhydrous sodium sulfate, and (d)  fractional distilla- 
tion, discarding the first fraction that contains a very small con- 
centration of UV-absorbing contaminant. All other solvents were 
spectroquality. 


The saturated solutions were made by a succession of vigorous 
shakings in glass-stoppered bottles over about a day, and they 
were subsequently retained in their respective baths for many days 
before removal of samples for the required measurements. Because 
of slow hydrolysis, the measurements on ethyl acetate solutions 
were made within an hour or so of their preparation. Density (p) 
measurements were made with standard calibrated 25-ml pyc- 
nometers, dielectric constant (c) measurements were made at  5 
MHz with an instrument designed for capacity substitution (2), 
and viscosity ( 7 )  measurements were made. with viscometers3 
(using sizes appropriate for the viscosities under consideration) 
calibrated by suitable standards. These standards4, conforming to 
ASTM oil standards, had kinematic viscosities at 25.0° of 3.702, 
8.904, and 34.45 centipoise ml/g; 10-sec full sweep stopwatches 
were used. 


Values of AHviar enthalpies of activation of viscous flow, were 
obtained from the slope of the computerized least-squares fit of 
the plot of log ( 7 / p )  uersus 1/T, corresponding to: 


Correlation coefficients were 0.9997 or better in all cases, except 
for olive oil for which the correlation coefficient was 0.990. Solubil- 
ity data were taken from the literature for most cases, with consen- 
sus values being used where possible. The solubilities of oleyl alco- 
hol and olive oil in water were determined by approximation; they 
are very low and the values are rough. The results are tabulated in 
Tables I and 11. 


DISCUSSION 


Except for special biological situations involving “active trans- 
port’’ or “circulation,” molecular transport is heavily dependent on 
diffusion processes. Self-diffusion or transport of a “marked” mol- 
ecule through a liquid matrix of others identical to it is very simply 
related to the viscosity of that liquid. The diffusivity of a dilute so- 
lute through a liquid matrix of identical but different solvent mol- 
ecules is also related to the viscosity of the solvent; but, in addi- 
tion, there is a component related to a concentration gradient and 
thus to the entropy and enthalpy of dilution. Even in the latter 
case, however, the solvent usually controls the motions of the iso- 
lated solute molecules in ways that relate viscosity to the intermo- 
lecular forces and to the molar ratio of free volume to intrinsic vol- 
ume (3,4). It is not immediately obvious that viscosities expressed 
in the traditional “kinematic viscosity” mode ( 7 / p  = poise X ml/g) 
is related to the mass transport phenomenon of diffusion. This 
does become evident, however, if the poise is expressed in cgs units 
as 7 = g/sec X cm; then kinematic viscosity = 7 / p  = (g/sec X cm)/ 
(g/cm3) = cm2/sec, the cgs units characteristic of diffusion coeffi- 


+ cients. 
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The free volume of a liquid is often considered to be the sum of a 
large number of empty “holes” into which diffusing molecules may 
slip in the transport process. As one hole is filled, another is creat- 
ed at  the location where the diffusing molecule had just been. The 
enthalpy of activation of viscous flow (AH~i,) is a measure of the 
potential barrier that a molecule must surmount as it moves from 
one hole in the liquid to an adjacent hole. In this sense, it is a mea- 
sure of the resistance to self-diffusion in a liquid. 


Table I1 shows that in all of the saturated binary phases, except 
those involving n- butanol and ethyl acetate, the resistance to mo- 
lecular transport was changed at  the most by only 3%. Thus, for 
the majority of these binary phases, it can be said that internal 
transport characteristics are not significantly different from those 
of the pure major component of the phase. The binary phases in- 
volving n- butanol and ethyl acetate, where the changes in values of 
AHvis ranged from 8 to 22%, will be dealt with later. 


The dielectric constant ( E )  of a liquid gives a measure of the re- 
sistance to molecular “flipping” in response to alternations of an 
applied electric field. For a given temperature and field frequency, 
the resistance to molecular rotation involves the size, polarizabil- 
ity, and permanent dipole (if any) of the molecules and any ten- 
dency to self-associate with other molecules tQ form larger aggre- 
gates. The addition of significant amounts of highly polar water to 
organic solvents may result in either an increase or a decrease in c; 
as a result, molecular characteristics of liquid structure may be in- 
ferred from determination of c as a function of temperature and 
concentration. Such inferences (based on assumed molecular mod- 
els) have a greater probability of being correct if spectroscopic 
(usually IR and NMR) substantiation of the molecular models is 
possible. The following discussion, organized according to class of 
solvent, concerns what appears to be the appropriate aspects of the 
results of such measurements as they apply to the problems of de- 
termining partition coefficients. 


Nonpolar and Slightly Polar Solvents-Of the solvents stud- 
ied, cyclohexane is the only one that is truly nonpolar and has no 
capacity for hydrogen bond formation. As a result, it has no ten- 
dency for self-association into molecular aggregates, there is no liq- 
uid structure, and water is extremely insoluble in it. In a water-sat- 
urated solution, the dissolved water has no significant effect on t, 
p,  or 7.  Its solvent characteristics are typical of other saturated hy- 
drocarbons and compounds such as carbon tetrachloride in which 
studies pertinent to the present discussion have been made. 


Isopiestic studies (5) indicate that the very small amount of 
water that does dissolve in cyclohexane and carbon tetrachloride 
is, for all practical purposes, not associated. A recent IR study (6) 
of water dissolved in carbon tetrachloride indicated that about 
3.6% of the dissolved water is present as a dimer, Structure I being 
more likely than 11. The equilibrium constant for dimerization was 
calculated to be 2.2 M-1. Since water is four times more soluble in 
carbon tetrachloride than in cyclohexane, it seems likely that dim- 
erization is substantially less in cyclohexane and that, from a prac- 
tical standpoint, water exists only in monomeric form in water-sat- 
urated cyclohexane. 


As a partitioning liquid, this binary phase has a great affinity for 
nonpolar compounds and their values of P will be extremely high 
(the reverse is true for very polar and ionic compounds), a fact that 
makes the determination of P very difficult because of the very low 
solute solubility in one phase or the other. Partial alleviation of 
this difficulty is normally accomplished by selecting a suitable vol- 
ume ratio of the two phases (7); but when one phase is almost to- 
tally nonpolar, this approach is quite impractical for many solutes. 


This very pure nonpolar characteristic also leads to other experi- 
mental difficulties that may be impossible to overcome when mea- 
suring P values for polar solutes. To illustrate this fact, it is neces- 
sary to draw on experiments done with carbon tetrachloride, car- 
bon disulfide, benzene, isooctane, and other nonpolar solvents. I t  
has been found (8,9) that when a polar solute (S) is extracted from 
water, there may be a many fold increase in the solubility of water 
in the nonpolar solvent due to the formation of hydrated solute 
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Table I-Densities ( p )  and Viscosities (7) of Pure and Saturated Solvents at 15-35' 


P ,  g/ml 7, centipoises 


Solvent S ta te  15.00° 25.00' 35.00' 15.00' 25.00' 35.00' 


Cyclohexane Pure 0.784 0.774 0.765 1.074 0.896 0.761 
Water  saturated 0.784" 0.7740 0.765" 1.074* 0.896* 0. 761b 


Benzene Pure  0.884 0.874 0.863 0.700 0.602 0.524 
Water  saturated 0.884 0.874 0.864 0.699 0.601 0.524 


Chloroform Pure  1.493 1.475 1.453 0.595 0.538 0.489 
Water  saturated 1.498 1.479 1.459 0.596 0.539 0.490 


n-Butanol Pure 0.814 0.807 0.799 3.32 2.52 1.93 
Water  saturated 0.849 0.844 0.836 3.86 2.80 2.06 


n-Octanol Pure  0.828 0.822 0.815 11.0 7.61 5.43 
Water  saturated 0.834 0.829 0.824 10.6 7.26 5.17 


Oleyl alcohol P u r e  0.854 0.847 0.841 45.2 28.4 18.7 
Water  saturated 0.855 0.850 0.840 44.1 27.9 18.4 


Ethyl  acetate Pure 0.906 0.895 0.884 0.482 0.430 0.387 
Water saturated 0.911 0.900 0.899 0.520 0.460 0.410 


Water saturated 0.916 0.910 0.904 100.5 62.6 41.4 
Water Pure 0.999 0.997 0.994 1.14 0.894 0.720 


Cyclohexane saturated 0.999" 0. 997c 0.994" 1.14" 0.894" 0.  72OC 
Benzene saturated 0.998 0.997 0.994 1.14 0.896 0.721 
Chloroform saturated 0.999 0.997 0.994 1.18 0.919 0.736 
n-Butanol saturated 0.989 0.987 0.983 1.57 1.16 0.895 
n-Octanol saturated 0.998 0.997 0.994 1.13 0.887 0.714 
Oleyl alcohol saturated 0.999 0.997 0.994 1.14 0.893 0.718 
Ethyl  acetate saturated 0.999 0.996 0.993 1.36 1.04 0.811 
Olive oil saturated 0.999 0.997 0.994 1.15 0.895 0.720 


Olive oil Pure 0.916 0.910 0.904 101.3 63.1 41-. 7 


Density data from Ref. 57. Viscosity data from Ref. 58. Density and viscosity for water-saturated cyclohexane and for cyclohexane-saturated water are 
assumed to be the same (to the number of significant figures given) as for the pure liquids because in each case the solubilities are l e s  than one-fifteenth of those 
for the benzenewater system for which no changes in p and virtually no changes in q were observed. 


complexes, S(H20), S(H20)2, etc., which are in equilibrium with 
each other; the nonpolar character of the phase may be substan- 
tially changed by the process of partition itself. This will be espe- 
cially bad with hydroxylic compounds, anilines, and other hydro- 
gen bonding substances. This problem is in addition to the solute 
association (such as carboxylic acid dimerization) that often occurs 
and for which correction is usually made. 


The extent to which the increased water content of the nonaque- 
ous phase may also affect the solute association equilibria has not 


been extensively studied. However, in one study (from which it 
would be hazardous to generalize) it was shown (10) that in the 
distribution of acetamide between chloroform and water the equi- 
librium constant for the trimerization of acetamide in the water- 
saturated chloroform was not significantly different from that ob- 
served in pure chloroform. There was also no evidence for the exis- 
tence of other polymers such as dimers and tetramers. This study 
was carried out at water phase concentrations of 0.42-9.9 M acet- 
amide. However, a t  the solute concentrations normally used for 


Table 11-Dielectric Constants ( E )  and Enthalpies of Activation of Viscous Flow (AHYi8) for Pure  and  Saturated Solutions 
at 25.0', and the Saturation Concentrations of Water-inSolvent and  Solvent-in-Water at 25.0" 


Solvent S ta te  


Moles Water  Water  


Mole Solvent M References e kcal/mole 
Concentration, Solubility AHvis ,  


Cyclohexane Pure 


Benzene Pure  


Chloroform Pure 


n-Butanol Pure  


n-Octanol P u r e  


Water  saturated 


Water  saturated 


Water  saturated 


Water saturated 


2.02 3.03 
0.000266 0.00245 1 9 3  2.02 3.03 


2.27 2.36 
0.00314 0.0350 3,45,46 2.28 2.36 


4.73 1.51 


Water  saturated 0.280 1.72 32,34 8.58 6.23 
Oleyl alcohol Pure 3.86 7.66 


Water  saturated 0.228 0.712 1 3.75 7.59 
Ethyl  acetate Pure  5.98 1.73 


Water  saturated 0.162 1.60 1,50 7.41 1.87 
Olive oil Pure  3.17 5.93 


Water  saturated 0.070 0.0725 1 3.17 6.07 
Moles Solvent Solvent 


Mole Water  A4 
Concentration, 


Pure  78.54 4.03 
Cyclohexane saturated 1.18 x 10-5 0.000651 51 76.95 4.03 
Benzene saturated 4.13 x 10-4 0.0228 46,51,52,53 76.13 4.03 
Chloroform saturated 1.16 x 10-3 0.0637 54 75.91 4.15 
n-Butanol saturated 1 .92 X 0.977 48,49,55,62 72.33 4.90 
n-Octanol saturated 7.29 X lo-& 0.00404 49,62,63 76.58 4.05 


76.80 4.05 Oleyl alcohol saturated -6.7 X -0.0000037 
Ethyl  acetate saturated 1.64 X 0.842 40,50,56 72.73 4.54 
Olive oil saturated -2.6 X lo-" -0.0000014 76.18 4.07 


Water  


Vol. 64, No. 4, April 1975 f 601 







/O\ 
H. H 
; 


B' B 
H /o-H---B 


111 IV 


drug design partition studies (10-2-10-4 M ) ,  there would be no 
significant amount of trimer in the chloroform and partition would 
involve only the monomer. 


This outlook has been refined by a detailed IR study (11) of the 
association of water with 17 types of Lewis bases in carbon tetra- 
chloride (taken as typical of inert nonpolar solvents). For all of the 
nitrogen- and oxygen-containing Lewis bases studied (some con- 
taining two nearby basic sites), a 1:1 water-base complex was 
formed (111) when water was in excess and a 1:2 water-base com- 
plex (a hydrated dimer) was formed (IV) when base was in excess. 
Presumably an effective equilibrium between the two exists when 
concentrations of water and base are of comparable magnitude. 


A further study of di-, tri-, and tetrabutylammonium halides 
also led to the conclusion that the hydrophobic cations were not 
hydrated at all in nonpolar solvents, but that water is hydrogen 
bonded to the halide ions in the same way as for the uncharged 
Lewis bases. Fluoride ion appears to be an exception, requiring two 
water molecules for hydration when water is in excess; it is sug- 
gested that this occurs through distortion of the cyclic dimer (I) 
and hydrogen bonding of the F- to the two free hydrogen atoms. 
Normally, a water molecule is not doubly hydrogen bonded to a 
single base (even if there are two nearby base sites), although mol- 
ecules such as 1,lO-phenanthroline may represent exceptions. 


NMR studies (12) have shown that when polyfunctional solutes 
are being partitioned, allowance must be made for intramolecular 
binding as well as intermolecular binding. For example, by going 
from 3-methyl-3-hydroxy-2-butanone to 3-methyl-4-hydroxy-2- 
butanone, the molecular distribution changed from 19% monomer, 
30% intramolecular bound, and 51% dimer to 12% monomer, 8% in- 
tramolecular, and 80% dimer. 


Although the arguments are by no means clearly settled (13, 141, 
it appears (15-17) that nonsterically hindered alcohols tend to 
form a fairly cleancut monomer-tetramer equilibrium in solution, 
with the tetramer being partly in a linear form (V) and partly in a 
cyclic form (VI). At 30°, for n-octanol in n-decane, the monomer- 
tetramer association constants are 163 M - 3  for linear and 324 M - 3  
for cyclic to give an overall value of 490 M-3.  With increasing tem- 
perature, the extent of polymerization decreases and the propor- 
tion of cyclic to linear forms also decreases; at 75", the equilibrium 
constants are 5.46 M-3 for linear and 4.89 M-3 for cyclic to give an 
overall value of 10.35 hP3. 


A comparison of overall association constants [490 for n-octanol 
in n-decane at  30°, 430 for n-butanol in n-decane at  30", and 312 
for tert-butanol in cyclohexane at  27" (15, 18)] shows that there is 
not a great difference in degree of association for nonsterically hin- 
dered alcohols in the same solvent; the significantly lower value for 
tert-butanol in cyclohexane is probably due more to some degree 
of steric hindrance than to the difference in solvent. Sterically hin- 
dered alcohols, such as di-tert- butylcarbinol (19) and 2,5-substi- 
tuted phenols (20), cannot form tetramers and in this case dimers 
are formed in equilibrium with monomers. Partially sterically hin- 
dered alcohols will participate in a more complicated set of poly- 
meric equilibria. For n-octanol in octane at  25" (14), it has been 
estimated that the maximum proportion of dimer is just over 5% at  
a concentration of 0.13 M and that this amount decreases to less 
than 2% at 1 M and to less than 1% at  5 M ;  otherwise, the only as- 
sociated species is thought to be the tetramer. 


To date, the structural studies of associated polar molecules in 
nonpolar solvents have not considered the effect of the water that 


R 
I 
0 -H--0-R 


I 
I k 


I 


,,xH\ ,H 
H 


/ 
H / H-0; p\,. H>O---H-O. H-0. 


'H" 'A H' '\ A -..A 
VII VIII 1x 


is drawn into the nonpolar solvent by a polar solute when it is par- 
titioned between water and the solvent. 


The water concentration and all equilibria between solute hy- 
drates, solute polymers, hydrated solute polymers, and intramolec- 
ularly bound molecules are dependent on solute concentration so 
that the determination of true partition coefficients corrected for 
these effects becomes a very formidable task. For many solutes, 
these effects could be minimized or eliminated by never permitting 
the solute concentration to exceed M in the nonpolar solvent 
phase, but this may, in turn, introduce analytical difficulties, espe- 
cially in the aqueous phase. In any case, when the biological activi- 
ty for a series of compounds is compared with log P values deter- 
mined in, say, an alkane-water system, the correlations are often 
not nearly as good as those obtained using log P values determined 
in the more polar n-octanol-water system (7,21). The simplest bi- 
nary liquids (water-saturated alkanes, cycloalkanes, carbon tetra- 
chloride, etc.) thus have properties that lead to great difficulties 
when determining true partition coefficients and getting the best 
correlations with biological activity. 


In many ways the properties of benzene are comparable to cyclo- 
hexane. It is a nonassociated, nonpolar liquid that has a great af- 
finity for lipophilic hydrocarbon-like substances. However, it does 
differ in one important respect; its *-electron system can act as an 
electron pair donor for hydrogen bond formation. As a conse- 
quence, water is 15 times more soluble in benzene than in cyclo- 
hexane. The net result is that the binary phase, water-saturated 
benzene, is definitely more polar than cyclohexane, yet i ts  dielec- 
tric constant is barely larger than that of pure benzene and its den- 
sity and viscosity are the same as pure benzene. A variety of mea- 
surements, cryoscopic (22), isopiestic (3, 23-25), and NMR (26), 
leads to the conclusion that up to saturation the water dissolved in 
benzene is not self-associated in any polymeric form. It is believed 
(11,27) to exist primarily in a hydrogen bonded solvated form such 
as IV, where B represents benzene, the base donor of an electron 
pair. 


All structural and partitioning problems associated with cyclo- 
hexane also hold for benzene: the great increase in water solubility 
caused by partitioned polar solutes, the multiequilibria between 
hydrated species and multimeric species, and the effects of steric 
hindrance. In addition, there are the complications introduced by 
solutes such as alcohols competing with water for hydrogen bond- 
ing with the benzene. A thermodynamic study (28) of this competi- 
tion indicated that, for the simple n-alkanols up through n-penta- 
nol, there is a dramatic drop in the enthalpy of solution of water in 
alcohol-benzene solutions if the alcohol concentration exceeds a 
mole fraction of 0.025; larger n-alkanols do not show this effect. 
Clearly, the nature of the binary phase, water-saturated benzene, 
varies with the nature and concentration of partitioned alcohols 
and is bound to be reflected in values of partition coefficients. It 
has been suggested (29) that the larger alcohol molecules adopt a 
coiled configuration in benzene that results in a partial screening 
of the -OH interaction with benzene. Since more recent studies 
(16, 18) indicate the importance of cyclic tetramers in alcohol solu- 
tions, it may be that the proposed "shielding" comes from the long 
alkyl chains of these cyclic tetramers rather than from the coiling 
of monomers. 


There can freqbently be an analytical problem with the ben- 
zene-water system over and above that caused by the extreme sol- 
ubility of lipophilic solutes in benzene and the insolubility in water 
(and the reverse for hydrophilic solutes). The most common ana- 
lytical tool for determination of P is UV spectrophotometry; the 
very strong UV absorption by benzene renders this method entire- 
ly inapplicable, even in the benzene-saturated water phase, at 
wavelengths shorter than 270 nm. 


As with cyclohexane, the conclusion must be reached that the 
benzene-water system leaves much to be desired as a reference 
partitioning system. 


Chloroform is a slightly polar, nonassociated liquid which has a 
great affinity for lipophilic materials. Its lone proton is an effective 
electron pair acceptor in hydrogen bond formation; as a result, the 
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Scheme I 


cially on the a-carbon) have severe steric hindrance, which tends 
to reduce the concentration of monomers and to encourage the for- 
mation of cyclic polymers (32). In extreme cases, such as di-tert- 
butylcarbinol, the dimer is the largest polymer formed (17,19). 


When water is added to alkanols, the simpler members of the 
family undergo much more profound intermolecular interactions, 
especially if water-saturated solutions are considered as is the case 
in partition measurements. In a sense, the water-saturated alka- 
nols fall into two major categories, c4-C~ and C6-C12, as illustrated 
by water solubility in Fig. 1. Cs-Alkanols and below are miscible 
with water in all proportions, and CIS-alkanols and above are sol- 
ids at room temperature. Curve 1 in Fig. 1 was determined from 
NMR measurements on water-saturated n-alkanols by taking .the 
ratio of the area under the water peak to the area under the CH2 
peak of the carbon to which the OH is attached. Once the molar 
ratio of water to alcohol (W/A) exceeds -0.40, the structure and 
properties of the binary phase are so greatly altered as to permit 
the association of a great deal more water, probably in a three- 
dimensional hydrogen bonded network. When the water-to-alcohol 
ratio in saturated solution is below -0.40, the structure and prop- 
erties of the saturated solution undergo a rather predictably slow 
change with increasing chain length of the alcohol. 


Dielectric constant and viscosity measurements (33-35) offer 
some insight into the significance of this ratio. A t  room tempera- 
ture, when water is added to the n-alkanols (CI-C~), 3-ethylpen- 
tan-3-01, ethylene glycol, and glycerol (361, there is a steady in- 
crease in c and q with increasing water concentration; but for the 
n-alkanols (G-Cio) and cyclohexanol, there is an initial decrease 
in c and with increasing water concentration. In the cases of 1- 
heptanol (at -45') and cyclohexanol (at -25'), the values of c go 
through a minimum at W/A = 0.25; in the case of 1-octanol, an ap- 
parent minimum is just reached at room temperature at W/A = 
0.28 when saturation is reached. NMR data for 1-heptanol indicate 
(33) a relatively stable molecular aggregate a t  W/A = 0.25, and this 
finding is supported by less detailed studies with n-octanol (34). 
Added to the foregoing is the IR information about nonsterically 
hindered alkanols that indicates an equilibrium between mono- 
mers and linear and cyclic tetramers, an equilibrium that shifts in 
favor of monomers and linear tetramers with increasing tempera- 
ture. The more sterically hindered an alcohol is near the a-carbon, 
the less able it is to form the tetramers, and cyclic dimers tend to 
be the preferred aggregate. The very simplest alcohols tend to 
form long linear multimers (37). 


An oversimplified set of equilibria, which can be modified in de- 
tail for individual alcohols and which offers a general explanation 
for the properties of the higher alcohols and their water solutions, 
is shown in Scheme I, where A represents an alcohol monomer, W 
represents water, and the linear and cyclic tetramers are Struc- 
tures V and VI. These equilibria are not meant to imply any par- 
ticular kinetic mechanism of interconversion among the different 
forms. The water-centered complex, AIW, is believed to have tet- 
rahedral orientation of hydrogen bonded alcohols about the oxy- 
gen atom of water, as in X. 


Qualitatively, A and cyclic & have very low values oft, linear A4 
has a high value of c, and A4W has a low value of c that is greater 
than cyclic A4. In the absence of W, only the horizontal equilibria 
exist; with increasing temperature, these equilibria shift to the left, 
causing a decrease in the amounts of both linear and cyclic Ad and 
an increase in A. As a result, c decreases because of the relative loss 
of linear Ad. If the alcohol is seriously hindered sterically, the hori- 
zontal equilibria lie far to the right and the linear and cyclic mul- 
timers are probably not tetramers but more likely dimers or tri- 
mers. In this case, an increase in temperature also shifts the equi- 
libria to the left but c increases because of the relative increase in 
the amount of linear multimer a t  the expense of cyclic multimer. 


When water is added to these alcohols a t  room temperature, 


5 6 7 8 9 1 0 1 1 1 2  
NUMBER OF C ATOMS 


Figure I-Log R versus number of carbon atoms in n- 
alkanol chain. I n  curve I ,  R = ( H 2 0  area)/(CHt urea), the 
ratio of areas under N M R  peaks corresponding to dissolved 
water (HZO area) and the two protons in the alcohol to which 
the OH is attached (CHZ area) for alcohols saturated with water 
at 25'. I n  curve 2, R = moles of water/moles of alcohol in n- 
alkanols saturated with water at 25'. Key:  o, from Ref. 32; 
a, from Ref. 59; @, from Refs. 48 and 49; 8 ,  from Ref. 61; and 
8, from Ref. 60. 


solubility of water is almost two times greater than it is in benzene. 
This greater solubility leads to a small but significant decrease in 
the dielectric constant of chloroform, yet it is still too small to have 
a significant effect on the density or viscosity of chloroform. Nev- 
ertheless, the amount of dissolved water is sufficiently large to in- 
troduce a structural complexity not observed in benzene or cyclo- 
hexane. 


NMR studies (25, 29) revealed that a small amount of water 
dimer is hydrogen bonded to chloroform, probably as a mixture of 
I and 11, as in VII and VIII. The majority is monomerically hydro- 
gen bonded as in IX where A represents chloroform, the electron 
pair acceptor. The equilibrium dimerization constant for water in 
chloroform is 0.437 M-' at 25' (corresponding to about 5.2% 
dimer at saturation), a value somewhat smaller than for other par- 
tially chlorinated hydrocarbons in which the range is usually about 
8-15% dimerization (9). Since t is smaller for water-saturated chlo- 
roform than for pure chloroform, the water-chloroform complexes 
must have a smaller p than pure chloroform and the complexes 
must be sufficiently stable to behave as a polarizable species; for 
dimer dissociation, AH' = 1.8 kcal/mole. 


The analytical application of UV spectrophotometry is not af- 
fected by chloroform, but all other partition problems associated 
with benzene apparently are also associated with chloroform, al- 
though perhaps in less extreme form. There also is the added com- 
plication of water association. 


Alcohols-The problems associated with partitioning of alco- 
hols as solutes between nonpolar or slightly polar solvents and 
water have already been discussed. Because of the highly polar na- 
ture of the hydroxy group and its great capacity for hydrogen 
bonding, the structure of the pure liquids and their solutions have 
been the object of extensive investigation. The pure alcohols are 
associated liquids with multiple equilibria existing between mono- 
mers and linear and cyclic multimers. For nonsterically hindered 
alcohols, the present IR spectral evidence heavily favors the pre- 
dominance of linear and cyclic tetramers (V and VI) in equilibrium 
with monomers, with very little evidence for other polymeric forms 
(14, 16,17). 


Earlier temperature-dependent dielectric dispersion data were 
interpreted (30, 31) in terms of a shift in equilibria to smaller lin- 
ear polymers and fewer with increasing temperature, with some- 
thing of the order of four to six monomeric units per polymer a t  a 
maximum at  room temperature (n-hexanol to n-decanol). How- 
ever, it appears than an equally good explanation could be made in 
terms of decreasing the relative proportions of cyclic to linear tet- 
ramers and decreasing the proportion of tetramers to monomers 
with increasing temperature. Heavily substituted alcohols (espe- 
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x 
there is a very strong tendency to form AqW and all equilibria shift 
in that direction; the net result is a decrease in e for the solution 
due to the loss of high e linear Ad. If i t  is possible to add more 
water than corresponds to stoichiometric AqW (e.g., cyclohexanol 
and n-heptanol and smaller), c will rise again due to  the formation 
of larger aggregates of cross-linked, water-bridged A4W units. In 
the case of the sterically hindered alcohols where there is a rela- 
tively small amount of linear multimer in the first place, the in- 
crease in t is due to the formation of AqW a t  the expense of low cA. 
The effect of adding water at each temperature must be assessed 
in terms of the relative amounts of A, linear A4, and cyclic A4 (or 
their counterparts in sterically hindered alcohols) that  exist in the 
horizontal equilibria. 


Although the increase in NMR line broadening for both OH and 
water on addition of water does indicate increased proton ex- 
change, this exchange rate is relatively small even at the maximum 
corresponding to A4W. The presence of the merest trace of many 
impurities will so accelerate the exchange as to  cause the merging 
of the two peaks. The implication of this observation for partition- 
ing is that a large fraction of solutes partitioned will probably ini- 
tiate very rapid exchange, perhaps due to minor changes in pH. It 
is unlikely that this exchange will influence the values of P. 


Although water-alcohol solutions are obviously complex, i t  
would appear that  a water-saturated n-octanol binary phase may 
have some advantages for partitioning. With a value of W/A = 
0.28, almost all of the alcohol and water molecules are involved in 
the same type of A4W complex, with but a small excess of water 
probably involved in cross-linking some of these complexes. Be- 
cause of the large quantity of dissolved water, it is unlikely that 
the water concentration or the structural characteristics of this bi- 
nary phase will be significantly changed as it is in the case of the 
nonpolar solvents. This means that low but convenient analytical 
concentrations of partitioned solute may be used, regardless of the 
polar functional groups it may possess. The balance of polarity and 
nonpolarity is such as to minimize the need for concern about so- 
lute self-association while simultaneously retaining the predomi- 
nantly lipophilic character required for a reference biolipid sys- 
tem. 


The complicated association equilibria that  exist for alcohol and 
hydroxylic solutes partitioned into nonpolar or slightly polar sol- 
vents are virtually eliminated in water-saturated n-octanol, with 
each such partitioned molecule undoubtedly replacing one octanol 
in an A4W complex to maintain the equivalent of a monomeric dis- 
persion of the partitioned solute. The AqW complex also offers, in 
very high concentration (-6.2 M), the opportunity for a highly 
lipophilic solute simply to “dissolve” monomerically in the matrix 
of highly lipophilic carbon chains of neighboring AqW complexes. 
The preceding statements are supported by the long experience in 
this laboratory with the use of n-octanol, which reveals that  only 
with certain very hydrophobic ionic species will partition measure- 
ments need to be made over a range of solute concentrations to get 
a true value of P by extrapolation to infinite dilution. This one 
problem may actually have as its origin the nature of the aqueous 
phase (vide infra). 


n-Heptanol and n-nonanol might be considered as comparable 
alternatives to n-octanol for partitioning. Water-saturated n-hep- 
tanol has the advantage of being somewhat less viscous but the 
disadvantage of having a little too much water (W/A = -0.30, with 
dielectric and viscosity properties corresponding to those past the 
optimum AdW). Water-saturated n-nonanol has the advantage of 
having an even more ideal water concentration (W/A = -0.26) but 
the disadvantage of being more viscous. 


With a molar water-to-alcohol ratio of -1.0, it is not surprising 
that the structure of water-saturated n- butanol is extremely com- 


plex. It has been interpreted (38,39) m terms of a whole variety of 
hydrogen bonded species, none of them predominant. The really 
serious disadvantage to the use of water-saturated butanol in a ref- 
erence partitioning system is the fact that it offers so little sensi- 
tivity for discriminating between the relative hydrophobicities of 
solutes; the water-saturated alcohol is too similar in solvent prop- 
erties to the alcohol-saturated water phase in which W/A = -52. 


Oleyl alcohol, cis-9-octadecen-l-ol, has been used for partition 
work by some investigators in the belief that it closely resembles 
biological phases. With an exposed double bond at the cis-9,lO- 
position, it has additional hydrogen bonding potential compared to 
the saturated alcohols, and this, no doubt, accounts for the high 
water-to-alcohol ratio of 0.23 in contrast to the value of 0.17 ex- 
pected from Fig. 1. At the moment, there is no experimental basis 
for speculating about how much of the dissolved water is associ- 
ated with the double bond and how much with the hydroxy group. 
Also, with the bulky carbon chains, i t  is difficult to assess the im- 
portance of the A4W or other complexes. However i t  is associated, 
the dissolved water has negligible effects on the dielectric and 
transport properties. From an experimental standpoint, water-sat- 
urated oleyl alcohol is difficult to work with because of its high vis- 
cosity (about four times that of water-saturated 1-octanol) and its 
tendency to form stable emulsions. 


Esters-As a class, esters are polar Lewis bases whose oxygen 
atoms have a high potential for hydrogen bonding. As a result, 
they tend to dissolve more water than do the slightly polar hydro- 
gen bonding solvents like chloroform or benzene. IR studies (11) in 
nonpolar solvents indicate that when water is in excess, a 1:l ester- 
water complex is formed (Structure 111, with B representing the 
ester); but when the ester is in excess as it always is in water-satu- 
rated ester, a 2:l ester-water complex is formed (Structure IV). 
The increase in c with an increase in water concentration also indi- 
cates an increase in concentration of bulky polar aggregates. Being 
more polar than water-saturated benzene or chloroform, the bina- 
ry ester phase will tend to discourage the formation of self-associa- 
tion complexes of the partitioned solute, but these same solutes 
may well carry additional water into the solvent phase. It seems 
likely that hydroxylic solutes will participate in different varieties 
of association complexes with water, ester, and alcohol, depending 
on the degree of steric hindrance, hydrophobicity, and concentra- 
tion; therefore, the determination of true partition coefficients 
would be very difficult. 


Water-saturated ethyl acetate has been the most widely used 
ester for biological partitioning and is typical of the simple esters. 
In addition to the uncertain and variable structural problems just 
mentioned, i t  seems to be undesirably lacking in hydrophobic 
character for use as a reference system for a biological lipid phase. 
(When using values of P for the octanol-water system, log P for 
ethyl acetate = 0.71 compared to 3.15 for n-octanol.) From an ana- 
lytical standpoint, it suffers from the fact that  i t  slowly hydrolyzes, 
a process that may likely be catalyzed by some partitioned solutes. 
For example, physical measurements such as t must be made with- 
in an hour to be significant (40). Therefore, immediate attention 
must be given to the analysis of the partitioned phases and it is not 
possible to keep a stock solution of water-saturated ethyl acetate 
for convenient use over a period of time as is customarily done in 
partitioning work for solvents that dissolve appreciable quantities 
of water. The hydrolysis products may achieve a concentration as 
great or greater than the solute being partitioned, the pH will be 
lowered by the acetic acid that is formed, and many basic solutes 
will form a salt which will drastically alter the apparent partition 
coefficient. 


Being derived directly from a natural source, olive ail is in prin- 
ciple the best qualified of the systems considered in this paper for 
use as a reference biolipid phase. I t  is a triglyceryl ester. Other 
than its natural source, however, water-saturated olive oil has 
nothing but discouraging attributes. I t  does not dissolve much 
water. The amount that it does dissolve at 25O, 0.07 mole of water/ 
mole of olive oil, must be considered as a third of that, on the aver- 
age, per ester group. And when i t  is realized that a significant frac- 
tion of the long chain fatty acids esterified with the glycerol are 
unsaturated, then the fraction of ester groups and double honds 
that are hydrogen bonded to water molecules (probably as Struc- 
ture 111) must be between 0.01 and 0.02. The low dielectric con- 
stant and water solubility indicate that structural problems, prob- 
lems of self-association of partitioned solute, and problems of 
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varying degrees of hydration of polar partitioned solutes by addi- 
tional water brought in by the partitioning process associated with 
nonpolar or slightly polar solvents will be involved here. 


From a practical standpoint, there are additional difficulties. 
Olive oil is very difficult to work with because of its very high vis- 
cosity (about nine times that of n-octanol) and it$ discouraging 
tendency to form stable emulsions. Other problems also should be 
considered from the standpoint of its use as a reference system. Its 
composition varies appreciably with the source of the olive oil, as 
do certain of the natural contaminants which are extremely diffi- 
cult to remove. It has poor storage stability, and the resulting ran- 
cidity involves changes in color, acidity, and odor, the formation of 
oxidation products and peroxides, and the process of slow poly- 
merization (41-43). Other vegetable oils that have been considered 
for use in a reference partition system for biological lipids suffer in 
varying degrees from the same difficulties. 


Solvent-Saturated Water-Tables I and I1 show the principal 
physical properties of the solvent-saturated water phases consid- 
ered in this paper. With the exception of n-butanol and ethyl ace- 
tate, the solvents have very little impact. Their low water solubili- 
t y  causes only a small decrease in c and a negligible effect on densi- 
t y  and viscosity (diffusion and transport phenomena). Although 
the ratio of moles of water to moles of solvent is over 501  for n- 
butanol and ethyl acetate, this still corresponds to a concentration 
in excess of 1.1 M ,  and the physical and structural characteristics 
of the hydrogen bonded water molecule network are markedly af- 
fected. The unusually large increase in both 9 and LWG~ probably 
results from the water structure-forming influence of the nonpolar 
hydrocarbon portion of the molecules present in such a high con- 
centration (44). 


As mentioned earlier, the difference in solvent characteristics of 
the two phases in the n-butanol-water system is too small to make 
this system suitably sensitive as a reference system for discrimi- 
nating between compounds over a wide range in hydrophobicity. 
Ethyl acetate has the problem of hydrolysis. Both have problems 
of structural interpretation in the solvent phase. The water solu- 
bility of oleyl alcohol and olive oil is so low that the effect on parti- 
tioning in the water phase can be ignored, but the usefulness of 
these two is limited for reasons given earlier. 


The other four solvents shown in the tables have solubilities in 
the range of from 6 X M. Although these concen- 
trations have an almost negligible effect on the structure and prop- 
erties as such, they may have a significant effect on partitioning. 
For example, hydrophobic interaction between solute and solvent 
in the water phase probably will result in a higher solute solubility 
in solvent-saturated water than in pure water. As a consequence of 
this enhanced water solubility, the observed values of log P may be 
lower than expected, especially for those nonpolar solutes whose 
water solubility is comparable to or less than the water solubility 
of the solvent. 


Measurements carried out in this laboratory show that the in- 
creased solubility in octanol-saturated water is approximately 4.7% 
for naphthalene, 5.2% for phenanthrene, and 67% for anthracene. 
Since it has also been shown that the octanol-water partition coef- 
ficients for phenanthrene and anthracene are the same (-4.45). as 
expected, it is clear that solute-solvent interaction in the water 
phase does not necessarily lead to poor values of P. In the phenan- 
threne and anthracene cases, the great differences in effect of octa- 
no1 on solubility may only reflect unusual differences existing in 
their solid states that affect the solid-dissolved solid equilibrium; 
even in pure water, the solubility of phenanthrene is about 20 
times greater than anthracene. 


Partition coefficient determinations do not (or should not) in- 
volve phases saturated with the partitioned solute or in equilibri- 
um with its solid form. The practice of calculating values of P by 
taking the ratio of solute solubility in the separate pure phases for 
solutes that are fairly soluble in both (1) is a poor one from the 
standpoint of drug design because it ignores (a) the importance of 
activity coefficients which must be considered at  high solute con- 
centration, and (b) the effect that each solvent has on the solvent 
power of the other, 


Another example of the possible importance to partitioning of 
the low concentration of solvent dissolved in water is the following. 
With increasing chain length in a homologous series of partitioned 
compounds, the point may be reached where the water phase solu- 
bility is so low that it is comparable to or lower than the concentra- 


to 6 X 


tion of the dissolved solvent. With still further increases in chain 
length, the solute solubility in the water phase may not drop off as 
fast as might have been expected because its solubility may be pri- 
marily determined by hydrophobic interaction with the dissolved 
solvent molecules. The result will be seen as a “break” in the log 
P-chain length relationship. 


Such breaks have been observed with certain series of com- 
pounds, but their interpretation has not been satisfactorily re- 
solved. Should such a break be interpreted as (a) hydrophobic in- 
teraction of solute with dissolved solvent as just described, (b) 
“folding” of the solute molecules with increasing hydrophobicity 
so as to present a smaller hydrophobic interface with water, (c) hy- 
drophobic self-association equilibria between solute molecules, or 
(d) some combination of these three? Additional work is needed to 
clarify this point. I t  would seem that one way to minimize this 
problem in determining a true value of P would be to perfofm all 
partition experiments a t  solute concentrations smaller than the 
concentration of the dissolved solvent. All of the above statements 
presuppose the use of solute concentrations below the critical mi- 
celle concentration for those compounds that tend to form mi- 
c e 1 l e s . 


CONCLUSIONS 


Of the types of solvents considered, the best choices for a refer- 
ence biolipid phase are water-saturated n- heptanol, n- octanol, and 
n-nonanol. Considering the number of compounds for which P 
values have already been determined in n-octanol (-3000 in the 
data bank of this laboratory compared to a very small number for 
the other two), water-saturated n-octanol is much the better 
choice. Its advantages seem to stem from having most of the n-oc- 
tanol and water tied up in a tetrahedral hydrogen bonded complex 
that retains a high degree of hydrophobicity because of the four 8- 
carbon nonpolar chains surrounding the polar center. It discoura- 
ges self-association of partitioned polar solutes by having a reason- 
able degree of polarity and by providing an opportunity for a so- 
lute molecule to exchange with an alcohol molecule in the tetrahe- 
dral complex. Because it contains a relatively high concentration 
of water, its structure, polarity, and partitioning properties will not 
be altered by additional water introduced to the phase by polar so- 
lutes as is the case for nonpolar and slightly polar solvents. No an- 
alytical or storage problems are associated with water-saturated 
n-octanol. 


To minimize problems due to possible hydrophobic interaction 
of partitioned solutes with dissolved solvent in the solvent-saturat- 
ed water phase, solute concentrations should be kept less than sol- 
vent concentrations in the determination of P values. In octanol- 
saturated water, solute concentrations of M or less are nor- 
mally recommended. 
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N O T E S  


Synthesis and Antibacterial and Antifungal Activities of 
5-Nitro-2-furfurylidene Polyhalophenoxyacethydrazides VIII 


F. AFGHAHI", S. YAZDANY, and I. LALEZARI 


Abstract 0 Fifteen 5-nitro-2-furfurylidene phenoxyacethydra- 
zides were synthesized, and the antibacterial and antifungal activi- 
ties of the compounds prepared were determined against different 
microorganisms. The a-methoxy derivative was found to be the 
most active compound. 


Keyphrases 0 5-Nitro-2-furfurylidene polyhalophenoxyacethy- 
drazides-synthesis, antibacterial and antifungal activities 0 An- 
tibacterial and antifungal activities-5-nitro-2-furfurylidene poly- 
halophenoxyacethydrazides 0 Antifungal and antibacterial activi- 
ties-5-nitro-2-furfurylidene polyhalophenoxyacethydrazides 


~ ~ ~ ~ _ _ _ _ _ ~  


Recently, it was shown that 5-nitro-2-furfurylidene 
arylthioacethydrazides and 5-nitro-2-furfurylidene 
arylsulfonylacethydrazides (1) as well as 5-nitro-2- 
furfurylidene p- sulfonyl- and p- sulfamoylbenzhydra- 
zides (2) displayed antibacterial activity. Several pol- 
yhalophenyl esters of substituted carbamic and car- 
banilic acids also were found to inhibit the growth of 
some fungi (3-6). On the basis of these observations, 
it was of interest to investigate the antibacterial and 


antifungal activities of compounds having both poly- 
halophenyl and 5-nitro-2-furfurylidene groups in 
their molecules. 


A series of 5-nitro-2-furfurylidene polyhalo- 
phenoxyacethydrazides was prepared by interaction 
of 5-nitro-2-furfural and appropriate phenoxyacethy- 
drazides. Several other 5-nitro-2-furfurylidene phe- 
noxyacethydrazides were also synthesized for com- 
parison of biological activity. o-Methoxy-5-nitro-2- 
furfurylidene phenoxyacethydrazide (Compound 5) 
was found to be the most active compound of this se- 
ries. All compounds prepared are listed in Table I. 


Table I-5-Nitro-2-furfurylidene Polyhalophenoxyacethydrazide 


DISCUSSION 


All compounds prepared were tested against Bacillus subtilis 
(NCTC 3610), Klebsiella pneumoniae (ATCC 10031), Sarcina 
lutea (ATCC 93411, Staphylococcus aureus (ATCC 6538), and 
Bacillus cereus (NCIB 9373). Nitrofurazone was used as a control. 
The compounds were dissolved in dimethylformamide at 0.5% con- 
centration. Standard paper disks of 6-mm diameter were im- . 


Analysis, % 
Melting Yield, 


Compound Ar Point % Formula Calc. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


155" 


163-164O 


183-185 O 


178 O 


17&179" 


198 O 


195-198O 


190-191 O 


220-222O 


210" 


83 


72 


78 


80 


66 


89 


82 


85 


91 


71 


c 53.97 
H 3.80 c 55.44 
H 4.29 c 55.44 
H 4.29 c 55.44 
H 4.29 
C 52.66 
H 4.07 
C 48.22 
H 3.09 
C 48.22 
H 3.09 
C 42.39 
H 2 .71  
c 43.57 
H 2.51 c 39.74 
H 2.03 


54.06 
3.70 


55.31 
4.33 


55.51 
4.28 


55.41 
4.22 


52.69 
3.96 


48.20 
3.11 


48.20 
3.02 


42.42 
2.76 


43.50 
2.55 


39.69 
2.08 


11 2,4,6-C13CgH2 195 O 80 CiaHsC13N30~ c 39.74 39.70 
H 2.03 2 .oo 


33.72 C 33.80 12 csc15  255-260" 74 Ci~HeC15N30~ 
H 1 .32  1.39 


46.66 13 m-NO&eHa 200 O 69 C13HI&407 C 46.70 
H 2.99 3 .05  


14 p-NO&eH, 254 O 71 C i3H 10N407 C 46.70 46.71 
H 2.99 2.90 


15 Thymyl 160-162O 76 Ci,H1&305 C 59.13 59.19 
H 5.50 5.43 
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Table 11-Antibacterial Activity 


Zone of Inhibition, Average Size, mm 
- 
B.  sub- K .  pneu-  Staph. 


Compound tilis moniae S. lutea aureus B.cereus  


- - 14O 15 
- - 150 16 


1 11 


- - 1 8 O  21 
2 11 


- 19" 18 
3 18 
4 1 4  15 


14 14 19 20 
- - 12 20 


5 21 


- - 12a 20 
6 12 


- 15 20 
7 8 


- 15a 20 
13 13 8 


- 20 
9 


- 125 20 
10 
11 
12 13 8 15 15 15 


18 12 8 12 13 
14 
15 1 2  12 1 6  128 16 


Nitrofurazone 23 20 17 20 21 


- - 
- - - 


- - 


- - 
15 
- - - 


a Inhibition zonea were hazy. 


mersed in solution and placed on an inoculated assay medium sur- 
face'. Disks containing pure dimethylformamide were used as con- 
trols and did not show antibacterial activity. There were four repli- 
cates for each compound. The antibacterial activity of the com- 
pounds prepared is reported in Table 11. 


All compounds prepared were also tested against Candida albi- 
cans2 (1959-2). Penicillium notaturn2 (154-3). and Aspergillus 
niger2 (A-23). Concentrations of 10, 25, and 50 pg/ml were used. 
The compounds were dissolved in dimethylformamide at  concen- 
trations of 5 mglml, and these solutions were diluted with hot ster- 
ile culture medium3 to the desired concentrations. Griseofulvin 
was used as a control. A culture medium containing pure dimethyl- 
formamide was used and did not show antifungal activity. The an- 
tifungal activity of all tested compounds and griseofulvin was in- 
significant a t  concentrations of 10 and 25 pglml. The antifungal 
activity of the compounds at  the 50-pg/ml concentration is re- 
ported in Table 111. 


EXPERIMENTAL4 


Substituted Ethyl Phenoxyacetates-These compounds were 
prepared by interaction of the appropriate sodium phenolate and 
ethyl chloroacetate or ethyl bromoacetate in boiling ethanol as de- 
scribed by Haskelberg (7). 
Pentachlorophenoxyacethydrazide-To a solution of 3 g 


(0.01 mole) of ethyl pentachlorophenoxyacetate (7) in 35 ml of eth- 
anol, 2 ml(O.03 mole) of 80% hydrazine hydrate was added and the 
solution was allowed to stand for 8 hr at room temperature. After 
cooling, the crystalline mass was filtered and recrystallized from 
95% ethanol to give 2.64 g (78%) of hydrazide as white crystals, mp 
210-215O; molecular weight by mass spectrometry, m/e 337-339; 


'BBL antibiotic assay medium 1. 
2 Microorganisms were obtained from the Department of Parasitology, 


Public Health Institute, Tehran, Iran. 
Difco Sabouraud dextrose agar medium. 
Melting points were taken on a Kofler hot-stage microscope and are un- 


corrected. IR spectra were recorded on a Leitz model 111 spectro raph. UV 
spectra were obtained on a Varian Techtron 635 instrument. N d R  spectra 
were taken on a Varian A60A instrument. Mass spectra were recorded on a 
Varian Mat 111 spectrograph. All compounds were subjected to IR, NMR, 
and mass spectrometry and the results were as expected. 


Table 111-Antifungal Activity= of 5-Nitro-2-furfurylidene 
Polyhalophenoxyacethydrazides 


Compound C.  albicans P. notatum A .  niger 


1 + + + + + + + 2 
3 
4 + + 
5 + + + + + 6 
7 


+ 8 


+ 9 


+ 10 
11 + + + 12 


+ 13 
14 
15 + + 
Griseofulvin + + + 


- 
- 


- 


- + - 
- 


- 
- - 


- - + 
+ - 


- 
- 


- 
- 


- 


- 
- 


a + = complete inhibition, and - = no inhibition. 


IR urnax 3300, 1663, 1541, 1422, 1385, 1344, 1292, 808, and 707 
cm-'. 


Anal.-Calc. for C7H5ClsN202: C, 28.36; H, 1.48. Found: C, 
28.29; H, 1.53. 


5-Nitro-2-furfurylidene Pentachlorophenoxyacethydra- 
zide (Compound 12)-Pentachlorophenoxyacethydrazide (0.338 
g, 1 mmole) was dissolved in 10 ml of alcohol and treated with a so- 
lution of 0.141 g (1 mmole) of 5-nitro-2-furaldehyde in 5 ml of al- 
cohol. The reaction mixture was warmed gently on a water bath for 
15 min. After cooling, the precipitate was filtered and recrystal- 
lized from dimethylformamide-water (7:3) to give 0.341 g (74%) of 
the desired compound, mp 255-260O; molecular weight by mass 
spectrometry mle 461-462; IR: urnax 3100, 1690, 1541, 1472, 1396, 
1351,1250,1051,955,916,783, and 710 cm-'; UV,,, 375 nm. 


All other 5-nitro-2-furfurylidene derivatives were prepared simi- 
larly (Table I). 
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Long Acting Delivery Systems for Narcotic 
Antagonists 11: Release Rates of Naltrexone from 
Poly (lactic Acid) Composites 


SEYMOUR YOLLES *x, THOMAS D. LEAFE *. JAMES H. R. WOODLAND *, and 
FRANCIS J. MEYER*- 


Abstract 0 Parallel in oitro and in uiuo release rates of tritiated 
naltrexone from poly(1actic acid) composites were studied. The in 
uitro release of naltrexone was 67% of the dose over a 35-day test 
period, while the in uiuo release was only 24% within 70 days. Ap- 
parently, an exchange of the tritium for the hydrogen of the body 
water takes place, indicating that urinary excretion radioactivity is 
not a reliable measure for estimating the naltrexone released. Nal- 
trexone-poly(1actic acid) composites showed effective blocking ac- 
tion to morphine in rats (24 days), dogs (29 days), monkeys (20 
days), and mice (21 days). 


Keyphrases Naltrexone-release rates from poly(1actic acid) 
composites, long acting delivery systems for narcotic antagon- 
ists Narcotic antagonists-long acting delivery systems, naltrex- 
one-poly(1actic acid) formulation, release rates Dosage forms- 
long acting delivery systems for narcotic antagonists, release rates 
of naltrexone from poly(1actic acid) composites 0 Formulations- 
naltrexone-poly(1actic acid) composites, release rates 


The development of systems for controlled release 
of narcotic antagonists from polymeric matrixes, such 
as polyethylene and poly(1actic acid), has been the 
objective of research by this laboratory since 1970. 
The results of the behavior of cyclazocine' (3-cyclo- 
propylmethyl - 1,2,3,4,5,6-hexahydro-6,1l-dimethyl- 
2,6-methano-3-benzazocin-8-ol)-poly(lactic acid) 
composites were published recently (1). The present 
paper reports on the release rates of naltrexone2 (17- 
cyclopropylmethyl - 4,5n - epoxy - 3,14 - dihydroxymor- 
phinan-6-one), which was described (2,3) to be a use- 
ful narcotic antagonist with less agonistic activity 
than cyclazocine, from poly(1actic acid) composites. 


EXPERIMENTAL 


All countings were performed with liquid scintillation spectrom- 
e t e r ~ ~ .  The counting solution consisted of a mixture of 2.5-diphen- 
yloxazole (22.0 g), 1,4-bis[2-(4-methyl-5-phenyloxazolyl)]benzene 
(0.4 g), and a nonionic wetting agent4 (1000 ml) diluted to  4000 ml 
with toluene in the in uiuo experiments. A scintillation liquid5 was 
used in the in uitro experiments. 


Preparation of Naltrexone-Poly(1actic Acid) Composites- 
A chloroform solution of tritiated naltrexone6 [specific activity 
83.9 X 10' dpm/ml(l.O ml)] was diluted to 1000 ml with methylene 
chloride. To this solution (30 ml) were added, for the preparation 
of composites containing 20% naltrexone, unlabeled naltrexone 
base' (4.0 g) and tributyl citrate (1.0 g) in methylene chloride (200 
ml) and then 15 g of poly(1actic acid) (1). For the preparation of 
composites containing 35% naltrexone, unlabeled naltrexone (10.5 
g) and tributyl citrate (1.5 g) in methylene chloride (200 ml) and 


Sterling-Winthrop. New York, N.Y. 
Endo Laboratories, Garden City, Long Island, N.Y. 
Packard Tri-Carb model 3003 (Packard Instruments, Downers Grove, 


Ill.) was used in the in uiuo experiments, and a Beckman LS-100 (Beckman 
Instruments, Fullerton, Calif.) was used in the in oitro experiments. 


Triton X-100, Rohm and Haas, Philadelphia, Pa. 
Aquasol, New England Nuclear Corp., Boston, Mass. 
Tritiated by the catalytic exchange method by New England Nuclear 


Corp., Boston, Mass. 


Table I-Blocking Act ion of Naltrexone-PoIy (lactic Acid) 
Composites 


Number  Dose, 
Animal of Animals mg/kg 


Rats- 
Dogs" 
Monkeysa 
Micec 


70 
5 
4 
10 


240 
17 
30 
39 


a D. A. McCarthy, Parke, Davis and Co., Ann Arbor, Mich., personal 
communication. * W. R. Martin, Addiction Research Center, Lexington, 
Ky., personal communication. R. H. Reuning, College of Pharmacy, Ohio 
State University, personal communication. 


then 18.0 g of poly(1actic acid) ( I )  were added to the original solu- 
tion of labeled naltrexone (45 ml). 


In the preparation of both types of composites, the solvent was 
flashed off under reduced pressure and the residue, wrapped in 
aluminum foil, was melt-pressed7 a t  170' under a total load of 3 
metric tons for 30 sec (shims 0.91 mm thick were used) to produce 
films of uniform thickness in which no imperfection due to air or 
gas was observed. The films were ground in a blenders. 


The particles obtained were screened, and fractions of an aver- 
age size of 500-710 Nm were collected. The specific radioactivity, 
determined by combustion of the polymer matrixes and measure- 
ment of the radioactivity in the water trapped in a scintillation 
spectrometerg, was 107 X lofi dpm/g for the sample containing 20% 
naltrexone and 61.4 X lo6 dpm/g for the sample containing 35% 
naltrexone. 
In Vitro Tests-A sample of the composite containing 20% na1,- 


trexone (650 mg) was sewn into a cheesecloth sack and anchored 
under the water level of the sample holder of the modified extrac- 
tor (Raab) described in a previous paper (1). The drug was extract- 
ed with tepid (29 f 3') water as the solvent. Samples of the aque- 
ous extract were collected periodically, and the radioactivity was 
measured. The values of naltrexone extracted in each interval of 
time are reported as percent of dose initially present in the sample, 
calculated on the basis of disintegrations per minute. 


At the end of the experiment, the sample of composite left in the 
extractor was dissolved in methylene chloride and the radioactivi- 
ty of the obtained solution was measured. The total radioactivity 
of the extracted aqueous solution plus the radioactivity found in 
the sample after extraction checked with that present in the sam- 
ple before extraction. 
In Vivo Tests-These tests were performed on groups of three 


male Sprague-Dawley rats, 550-600 g, using the following injection 
method. Into a 5-ml plastic syringe, whose opening at the tip was 
first enlarged with a 0.21 cm (0.081-in.) drill and then plugged, 
were added, while stirring, carboxymethylcellulose*o (210 mg), the 
composite containing 20% naltrexone (400 mg), and normal saline 
(portionwise, 0.5-ml portions) until the total volume was 3 ml. 
The time of mixing and stirring was about 1 min. 


An intimate mixture of particles in nearly clear, viscous carbox- 
ymethylcellulose resulted. The plug at the tip of the barrel was 
then replaced with a 12-gauge, thin wall needle. The injection site 
on the rat was shaved, the area having been selected by measuring 
the length of the needle from the nape of the neck to a lower sec- 
tion of the back. The animal was lightly anesthetized with ether to 


Carver laboratory press model D. 


Packard Tri-Carb model 3003. 
a Waring. 


lo 7LF, Hercules, Inc., Wilmington, Del. 
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Figure 1-Cumula- 
tive amounts of nal- 
trerone a n d  cyclazo- 
cine released in  vitro 
from composites i n  
particle form. Key: m, 
cyclazocine (Ref. 1, 
Sample  F); and a, 
naltrexone. 


avoid excessive movement. The time required for injection was ap- 
proximately 15 sec. On removing the needle, the opening was 
pressed and supported with the finger, painted with antiseptic, 
and immediately closed with a clip or adhesive tape. The animals 
were immediately placed into individual metabolism cages de- 
signed for the collection of urine. 


The collected urine and cage washings were combined and 
counted on a daily basis over the first 10 days and then every 4 
days for the duration of the experiment. The urine samples were 
diluted to 100 ml with water, and samples of 1 ml were pipetted 
into 15 ml of scintillation solution and radioassayed by liquid scin- 
tillation counting techniques. Internal standardization was used 
for the calculation of counting efficiency. The values of naltrexone 
delivered in each interval of time are reported as percent of dose 
released calculated on the basis of disintegrations per minute. 


Determination of Tri t ia ted Naltrexone Remaining in Com- 
posites at End of In Vivo Tests-A sample of the composite was 
collected from the sacrificed animal and extracted with chloro- 
form. The radioactivity of the extract was 0.43 X lo6 dpm (1% of 
the original radioactivity). 


Exchange of T r i t i um from Trit iated Naltrexone f o r  Hydro- 
gen of Water-A solution of radioactive naltrexone in methylene 
chloride (0.1 ml) (83.1 X lo6 dpm/ml, experimentally determined) 
was evaporated to  dryness in a 250-ml beaker. T o  the residue was 
added 50 ml of distilled water. The obtained solution (specific ra- 
dioactivity 2.6 X lo4 dpm/ml) was frozen on the inside wall of a 
lOOO-ml, round-bottom, single-necked flask connected to a dry ice- 
cooled moisture trap and kept under vacuum (<0.01 torr) over- 
night. The water (49 ml) condensed in the trap showed a radioac- 
tivity of 4400 dpm/ml(17% of the radioactive tag was lyophilized). 


Blocking Action to Morphine-The blocking action of nal- 
trexone composites to morphine was determined in rats (Sprague- 
Dawley), dogs, monkeys (Macaca mulatta), and mice by injecting 
suspensions of 35% naltrexone-poly(1actic acid) composites in 7% 
carboxymethylcellulose gel (Table I). The duration of morphine 
antagonistic activity was determined in rats and in mice by using 
the tail pinch test; in dogs by measuring the flexor reflex, the skin 
twitch reflex, the pulse rate, and the pupillary diameter; and in 
monkeys by measuring the changes in morphine-induced prolon- 
gation of interblinking time. 


RESULTS AND DISCUSSION 


The results of the in oitro tests are shown in Fig. 1 in compari- 
son with those obtained with cyclazocine composites under the 
same conditions. The total amount of naltrexone release within 35 
days was 67% of the dose originally present in the composite. The 
time a t  which one-half of the dose had been delivered, 7'11.2, was 22 
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Figure 2-Cumulative amounts of naltrexone excreted in 
urine, expressed as percent of dose. Each point  represents the 
mean observation on three animals  f SE. I n  this work, the 
standard error is equal to the s tandard deviation diuidegby the 
square root of the number of animals  tested: (SE = c/dN).  


days, and the average daily delivery of naltrexone was 1.53 mg. 
This delivey is comparable to that found for cyclazocine. 


The in uiuo test results (Fig. 2) show that only 24% of the ad- 
ministered dose was excreted in urine over a 70-day period. How- 
ever, the determination of the drug in the composite a t  the end of 
the test showed that only 1% of the original dose remained in the 
composite. 


The considerable difference in the amounts of naltrexone re- 
leased in the in uiuo and in uitro tests and the discrepancy be- 
tween the amount of naltrexone excreted and that left in the com- 
posite led to the investigation of the stability of the tritium label 
on the naltrexone molecule. This investigation was performed by 
freeze-drying samples of tritiated naltrexone in aqueous solutions 
and determining the radioactivity of the condensed water. An 
amount of 17% of the radioactivity originally present in naltrexone 
was found in the condensed water, indicating exchange of the tri- 
tium for the hydrogen of water. 


These results show that  urinary excretion radioactivity is not a 
reliable measure for estimating the naltrexone released in in uiuo 
tests. At present, other methods are being investigated that are not 
based on radioactivitv. such as chromatography. 


Significant blocking action against the effect of morphine was 
observed in rats throughout the 24-day test period". The tests on 
dogs showed a highly significant level of blockage for all measures, 
except lowering of pulse rate, through the 21st day and a signifi- 
cant level of blockage for the flexor reflex through the 29th day (3). 
Complete antagonism to the depressant effect of morphine on the 
blinking rate occurred 24 hr after antagonist injection in monkeys. 
The estimated duration of statistically significant activity was ap- 
proximately 20 days". In the tests on mice, a 21-day average dura- 
tion of blocking action was observed. 
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Hydrolysis of Fatty Acid Esters of Acetaminophen in 
Buffered Pancreatic Lipase Systems I 


CARL T. BAUGUESSX, FARID SADIK, JULIAN H. FINCHER, and 
CHARLES W. HARTMAN t 


Abstract 0 A series of fatty acid esters of acetaminophen were 
prepared beginning with the acetate, the propionate, and all even- 
numbered fatty acids and going through the octadecanoate. The 
enzymatic hydrolysis of all derivatives was studied in uitro with 
varying amounts of lipase added to the hydrolysis mixtures. Under 
the conditions of the in uitro hydrolysis, it was observed that all 
derivatives were hydrolyzed more readily in an aqueous medium at 
pH 7.8. A positive relationship was seen between the hydrolysis 
rates and the concentration of lipase a t  this pH. There was a nega- 
tive relationship between the chain length of the acyl moiety and 
the corresponding hydrolysis rates. The short chain esters were hy- 
drolyzed at  rates many times more rapid than the long chain es- 
ters. The intermediate chain-length esters, p- acetamidophenyl de- 
canoate, p- acetamidophenyl laurate, and p- acetamidophenyl my- 
ristate, were hydrolyzed at  intermediate time periods extending 
over 12 hr, approaching completion at 97.5, 87.5, and 80.5%, re- 
spectively, when 18 Wilson units of lipase was used in each millili- 
ter of hydrolysis mixture. The longer chain esters, p -  acetamido- 
phenyl palmitate and p- acetamidophenyl stearate, were hydro- 
lyzed to the extent of 16 and 870, respectively, over 12 hr under the 
same in uitro conditions. 


Keyphrases 0 Acetaminophen-fatty acid esters, hydrolysis in 
buffered pancreatic lipase systems Esters, acetaminophen, fatty 
acid-hydrolysis in buffered pancreatic lipase systems Hydrol- 
ysis-fatty acid esters of acetaminophen, buffered pancreatic li- 
pase systems 0 Lipase-enzymatic hydrolysis of fatty acid esters 
of acetaminophen 


The objective of this work was to investigate the 
feasibility of employing fatty acid ester derivatives of 
a drug for use as a substrate for GI enzymes to con- 
trol the release of the free drug from its dosage form. 
A second objective was to determine if a combination 
of the esters and appropriate enzymes in a dosage 
form could be utilized to achieve a uniform and pro- 
longed therapeutic effect from a single dosage unit of 
the drug without producing an excessive initial plas- 
ma concentration. Acetaminophen (N-  acetyl-p- ami- 
nophenol, 4-hydroxyacetanilid) was selected as a 
model drug for this study. 


The synthesis of p- acetamidophenol acetate, buty- 
rate, hexanoate, and stearate and enzymatic hydroly- 
sis in serum lipase as reported previously (1) provid- 
ed the basis for the investigation. In the previous 
study, it was noted that the short chain esters of ace- 
taminophen were hydrolyzed very rapidly while the 
stearate was hydrolyzed so slowly that no attempt 
was made to quantitate the results. In view of these 
findings, it was felt that a complete series of saturat- 
ed fatty acid esters should be prepared and tested in 
pancreatic lipase for comparative purposes. Interme- 
diate to the hexanoate and the stearate should be one 
or more esters that could be hydrolyzed slowly over 
10-12-hr in the presence of GI enzymes. 


Fletcher et al. (2) investigated the absorption of 
lincomycin and esters of lincomycin from rat intes- 


tines. They reported that the 7-butyrate and 7-propi- 
onate esters of lincomycin were absorbed more rapid- 
ly than the corresponding 2-esters. This difference 
was attributed to intestinal hydrolysis rates for the 
two positions on lincomycin in which the 7-esters 
were hydrolyzed more slowly than the 2-esters. Since 
both types of esters were absorbed to some extent in- 
tact, increased absorption of these soluble intact es- 
ters over the lincomycin base was explained on the 
basis of an increase in lipid solubility. 


Glazko et al. (3, 4) found that the intact esters of 
chloramphenicol are poorly absorbed and gave indi- 
rect evidence that the rate of absorption of chloram- 
phenicol depends upon the rate of enzymatic hydrol- 
ysis. The hydrolysis rates for these esters appeared to 
depend on particle size, chemical nature of the esters, 
and the ability of the compound to be wetted. 


Contrary to previous reports, they found that some 
of the more water-soluble esters were hydrolyzed 
more slowly than water-insoluble esters such as the 
palmitate if the latter had a sufficiently large surface 
exposed to enzymatic attack. Suspensions containing 
very small particles of chloramphenicol palmitate 
produced excellent blood levels in dogs, while dry 
crystalline preparations were poorly absorbed. When 
the esters of chloramphenicol were not readily hydro- 
lyzed in uitro by enzymes under optimum conditions, 
poor absorption resulted regardless of the physical 
form of the esters. 


GI absorption of drugs in particulate form usually 
results after the drug is in the dissolved state (5 ) .  
When dissolution is rate limiting, particle size is of 
great importance to the rate of transfer from the GI 
tract to ultimate sites of action. In a recent review ar- 
ticle about particle size, it was reported that when 
the solubility of a drug is less than 0.1 mg/ml, the ef- 
fect of particle size could be an important factor in 
consideration of physiological availability, while 
other workers contend a solubility up to 1 mg/ml may 
be a factor in drug availability (5) .  Fatty acid esters 
of acetaminophen are poorly soluble in water, and 
the GI absorption of acetaminophen should be limit- 
ed by the amount of enzymes facilitating ester hy- 
drolysis in the intestines and the available surface 
area in the dosage unit. 


EXPERIMENTAL 


Reagents-The following were used: acetaminophen', acetic 
anhydride2, propionic anhydride3, butyric anhydride3, hexanoyl 


1 Eastman Or anic Chemicals ' 


3 Aldrich Chemical Co. 
J. T. Baker 8hemical Co. 
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Table I-Acetaminophen Derivatives, Melting Points, 
Solubilities, and Average Particle Size 


Derivative 


Acetaminophen 
Acetate 
Propionate 
Butyrate 
Hexanoate 
Octanoate 
Decanoate 
Laurate 


Melting 
Point 


168-172" 
153-156" 
130-133' 
140-143" 
107-109" 
103-105" 
107-109" 
111-113 " 


Solubility, 
mg/ml 


20.00 
0 .32  
0 .32  
0 . 3 3  
0.018 
0.010 
0 .009  
0 .006  


~~ 


Particle 
Size, 


Average 
Diameter 


in 
Microns" 


- 
30.0  
11.5 
11.0 
32 .0  


8 . 7  
7 . 3  
4 . 3  


(dodecanoate) 


(tetradecanoate) 
Myristate 114-116" 0.006 2 . 7  


Palmitate 117-118" 0.005 2 . 7  
(hexadecanoate) 


(octadecanoate) 
Stearate 117-1 18 " 0.005 2 . 1  


As determined by the Fisher subsieve sizer. 


chloride', octanoyl chloride', decanoyl chloride4, dodecanoyl chlo- 
ride', tetradecanoyl chloride', hexadecanoyl chloride', octadecano- 
yl chloride', and lipase5. 


Instruments-The necessary equipment included a submersion 
rotator6, a subsieve sizer7, and a spectrophotometers. 


Preparation of Acetaminophen Esters-A general synthetic 
procedure was followed in the preparation of the derivatives of 
acetaminophen (5) and involved the heating with stirring for 24 hr 
of the required acid anhydride or acyl halide with acetaminophen 
in anhydrous pyridine. The derivatives were precipitated from 
cold water, washed in a 5% solution of sodium carbonate, and re- 
crystallized from n- propyl alcohol and water except in the case of 
p- acetamidophenyl propionate where methanol and water were 
used. The preparation of the esters of acetaminophen from the 
acid anhydrides using excess amounts of acetyl, propionyl, and 
butyryl anhydrides presented no problem in the isolation of the 
products. 


Fatty acid chlorides and acetaminophen were used in approxi- 


0 30 60 90 120 
MINUTES 


Figure 1-Percent hydrolysis of p-acetamidophenyl hexanoate 
with varied amounts of lipase and calcium chloride in a 
phosphate buffer, p H  7.8, at 37". K e y  (lipase activities): 
0,18 units/ml; 0, 9 unitslml; A, 4.5 unitslml; 0, 2.25 units/ 
ml; and e, control, 0 units/ml. 


Matheson, Coleman & Bell Co. 
5 Reheis Chemical Co. 
6 Scientific Industries, Inc. ' Model 95, Fisher Scientific Co. 
a Beckman DU model 2400, Beckman Instruments, Inc. 
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Figure 2-Percent hydrolysis of p-acetumidophenyl octanoate 
with varied amounts of lipase and calcium chloride in a phos- 
phate buffer, p H  7.8, at 37'. K e y  (lipase activities): 0, 9 
unitslml; 0, 4.5 unitslml; A, 2.25 unitslml; and e, control, 
0 units/ml. 


mately equimolar quantities in the synthesis of the larger analogs 
of this series of derivatives. The products were all white, crystal- 
line powders except the acetate and stearate, which were off-white 
powders. The acetaminophen derivatives along with their melting 
points, solubilities, and average particle sizes are shown in Table I. 


Solubilities-The solubilities of the acetaminophen derivatives 
were determined by placing an excess of each derivative in water at 
25O. Test tubes containing the derivative and distilled water were 
agitated with the submersion rotator for 6 hr. The clear fil- 
trates obtained by filtration through filter paper9 were diluted suc- 
cessively until absorption could be determined spectrophotometri- 
cally. Dilutions were unnecessary with the larger esters because the 
saturated solutions beginning with the octanoate show very low 
absorbance. 


The results of these determinations are recorded in Table I. The 
acetate, propionate, and butyrate derivatives, according to official 
description, were classified as "very slightly soluble," while the re- 
maining derivatives were "insoluble" (7). 


Particle Size-Prior to in vitro and in vivo testing, all deriva- 
tives were passed through a 120-mesh wire cloth sieve. Further 
classification of particle size was accomplished by the determina- 
tion7 of average particle diameters for each derivative. 


Lipase Activity-Commercial preparations of pancreatic lipase 
were assayed for the hydrolytic activity with olive oil as the sub- 
strate by the method of Lazo-Wasem (8). All references to lipase 
activity in this study were based on the Wilson unit per milli- 
gram. The lipase used in the in vitro hydrolysis studies had an ac- 
tivity of 2.96 Wilson units (h0.069 S E ) .  


Stability of Esters in  Simulated Gastric Fluid-To establish 
the stability of the derivatives under simulated gastric conditions, 
two representative esters were selected: one short chain fatty acid 
derivative and one long chain fatty acid derivative. Separately, 100 
pmoles of p- acetamidophenyl acetate and p -  acetamidophenyl de- 
canoate was digested in 10 ml of simulated gastric fluid USP (pH 
1.35), maintained at  37O, agitated, and titrated with 0.0499 N sodi- 
um hydroxide solution on a recording pH meter for 4 hr. No appre- 
ciable hydrolysis in either sample (less than 5% hydrolysis) was 
noted. 


Preparation of Hydrolysis Formulation-An accurately 
weighed sample of ester and enzyme was triturated in a cold mor- 
tar. Individual weighings were made from each batch to contain 
100 pmoles of the ester, which was equivalent to 15.1 mg of aceta- 
minophen. The required ester and enzyme were transferred to dry 
Pyrex test tubes (15-ml capacity). A 0.5-ml aliquot of a 0.2 M solu- 
tion of calcium chloride was added to, and mixed with, the powder 
prior to the addition of 9.5 ml of a 0.1 M phosphate buffer solu- 
tion, also containing 0.1 M sodium chloride. The pH of the buffer 


9 Whatman No. 1. 
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Figure 3-Percent hydrolysis of p-aceturnidophenyl decanoate 
with calcium chloride and varied amounts of lipase in  a phos- 
phate buffer, pH 7.8, at 37'. Key (lipme activities) : 0,18 units/ 
ml; u,9  units/ml; A, 4.5 units/ml; and e, control, 0 units/ml. 


solution was adjusted to accommodate the addition of calcium 
chloride with a resultant pH of 7.8. 


Each tube was stoppered and placed on a submersion rotator. 
The submersion rotator was placed in a constant-temperature 
bath maintained a t  37' and rotated at a maximum speed of 30 
cpm. At timed intervals, one or more of the tubes were removed 
from the bath and filtered through filter paperg. A 0.1-ml sample 
of the clear filtrate was diluted to 10 ml with distilled water, and 
the absorbance was determined against a reagent blank at  245 nm. 


A t  100% hydrolysis, each dilution contained 15.1 pg/ml of aceta- 
minophen. The derivatives beginning with the hexanoate through 
the stearate were assayed by Procedure B (see Analytical), which 
takes advantage of a great difference in the solubility of acetami- 
nophen as compared with the ester solubility and the dilution fac- 
tor of 1:lOO employed. 


Analytical-The acetate, propionate, and butyrate derivatives 
are sufficiently soluble to require a different assay approach from 
the longer carbon derivatives. Acetaminophen absorbs more 
strongly at 280 nm than do the ester derivatives. The assay was ac- 
complished by using an equimolar quantity of each derivative in 
the reagent blank containing an inactive enzyme, and the extent of 
hydrolysis was determined by the increase in absorbance as com- 
pared with a standard mixture of the ester and acetaminophen. 


Procedure A: Determination of Acetaminophen in Presence of 
Acetaminophen Deriuatiues-Standard solutions containing 75.5 
pg/ml (0.5 pmolelml) of acetaminophen and 0.5 pmolelml of the 
short chain esters ( p -  acetamidophenyl acetate, propionate, and 
butyrate equivalent to 75.5 pg/ml of acetaminophen) were pre- 
pared in the in uitro reagents. The esters of acetaminophen do not 
absorb strongly at  280 nm, but acetaminophen absorbs strongly a t  
this wavelength. 


In the determination of percent hydrolysis in the in uitro experi- 
ments, Procedure B was followed except that a 0.50-ml sample was 
used instead of a 0.10-ml sample and the dilutions were read at 280 
nm against a reagent blank containing the ester. 


Procedure B: Determination of Acetaminophen in In Vitro Hy- 
drolysis of Long Chain Acetaminophen Derivatives-A 30.2-mg 
sample of acetaminophen, accurately weighed, was trans- 
ferred to a 100-ml volumetric flask, and the flask was diluted 
to volume with 0.1 M phosphate buffer, pH 7.8. Aliquots of 1.0, 
0.5, 0.4, 0.3, 0.2, 0.1, and 0.05 ml of the standard solution were di- 
luted to 1 ml with the phosphate buffer and diluted to 10.0 ml with 
distilled water. The absorbance of each sample against a reagent 
blank was measured at  245 nm. 


RESULTS AND DISCUSSION 


All melting points are consistent with those reported for p-ac- 
etamidophenyl acetate, butyrate, hexanoate, and stearate (1). The 
melting point for p- acetamidophenyl propionate prepared in this 
laboratory was slightly higher (about 4O) than that previously re- 
ported (9). The melting points for this series decrease from about 
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Figure 4-Percent hydrolysis of p-acetumidophenyl laurate 
with calcium chloride and varied amounts of lipase in  a phos- 
phate buffer, pH 7.8, a t  37'. Key (lipase activities): 0, 18 
unitsjml; D, 9 units/ml; and a, control, 0 units/ml. 


154' for the acetate to a minimum of 104' for the octanoate deriv- 
ative and from the octanoate increase with fatty acid chain length 
to 118' for the stearate. 


The melting point observed for the propionate derivative (132') 
suggests an oscillating series similar to that reported for the fatty 
acid ester derivatives of salicylic acid, in which the fatty acid 
moieties with the even number of carbon atoms exhibited higher 
melting points in a series of compounds than the odd numbered in 
the same series (10). 


Hofstee (10) recognized that an assay for crude lipase, using 
olive oil as the substrate, would not serve as a comparative stan- 
dard for all substrates. The purpose of the assay here was to estab- 
lish the quality of the various preparations and to standardize the 
activity in terms of Wilson units in the in uitro studies. The assay 
was especially useful in following the stability of the enzyme prep- 
arations during the investigation. 


The release of acetaminophen in this study depends solely upon 
the hydrolysis of each derivative. The rate of hydrolysis of all de- 
rivatives was enhanced by the presence of pancreatic lipase as seen 
in the in vitro hydrolysis studies. Any loss of enzyme activity 
would seriously alter the outcome of an experiment, and esters of 
acetaminophen are hydrolyzed very slowly under gastric condi- 
tions. 


The results obtained by Procedures A and B are illustrated in 
Figs. 1-7 except for p- acetamidophenyl acetate, p-acetamido- 
phenyl propionate, and p- acetamidophenyl butyrate, which were 
hydrolyzed so rapidly as to be almost complete in 15 min or less. 


p- Acetamidophenyl hexanoate was hydrolyzed more rapidly 
than the corresponding octanoate ester. Both esters were hydro- 
lyzed less rapidly than the short chain esters under the same hy- 


80 L 0 


0 
0 2 4 6 8 10 12 


HOURS 


Figure 5-Percent hydrolysis of p-acetam idophenyl myristate 
with calcium chloride and varied amounts of lipase in  a phos- 
phate buffer, pH 7.8, at 37'. Key (lipase actiuities): 0, 18 
units/ml; 17, 9 unitslml; and @, control, 0 units/ml. 
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Figure &Percent hydroLysis of p-acetumidophenyl palmitate 
with calcium chloride and varied amounts of lipase in  a phos- 
phate buffer, pH 7.8, at 37’. K e y  (lipase activities): 0, 18 
unitslml; U, 9 units/ml; and @. control, 0 units/ml.  


drolysis conditions. None of the short chain esters through thq oc- 
tanoate ester appears to saturate the enzymes available in the hy- 
drolysis system for any of the hydrolysis formulas shown in Figs. 1 
and 2. 


When the substrate concentration is in excess of the amount re- 
quired to attain maximal velocity, the reaction proceeds at  a zero- 
order rate; however, if the concentration is less than a saturation 
concentration, the rate of reaction becomes dependent upon the 
concentration of substrate and the reaction proceeds at  a first- 
order rate (11). This appears to be the case with the short chain 
derivatives under these conditions. 


In general, as the chain length in the fatty acid moiety was in- 
creased, a decrease in the hydrolysis rate was noted. The effects of 
varied lipase concentration are demonstrated in Figs. 3-5, showing 
the percent hydrolysis of p- acetamidophenyl decanoate, laurate, 
and myristate, respectively. A marked decrease in the rate of hy- 
drolysis was noted for all three derivatives as the concentration of 
enzyme was decreased. The short chain esters were hydrolyzed 
rapidly a t  all enzyme concentrations. The long chain esters, p- ace- 
tamidophenyl palmitate and stearate, were hydrolyzed very slowly 
at  the two enzyme concentrations studied. 


Some difference was noted in Fig. 6 for p-  acetamidophenyl pal- 
mitate but not to the same extent as observed for the derivatives of 
intermediate chain length. An insignificant difference was seen for 
p-  acetamidophenyl stearate (Fig. 7). Both were hydrolyzed less 
than 10% in 12 hr. Since one purpose of the study was to find a de- 
rivative that would be hydrolyzed slowly and completely over a 
12-hr period, it was apparent that the derivatives and some of the 
in oitro conditions illustrated in Figs. %5 for p-acetamidophenyl 
decanoate, laurate, and myristate met this specification. 


Formulas of p -  acetamidophenyl palmitate and stearate in Figs. 
6 and 7 released acetaminophen at  a rate lower than the therapeu- 
tic level. The short chain derivatives, p-  acetamidophenyl acetate, 
propionate, and butyrate were hydrolyzed so rapidly that it was 


2 4 6 8 10 12 0 
HOURS 


Figure 7-Percent hydrolysis of p-acetamidophenyl stearate 
with calcium chloride and varied amounts of lipase in a p h s -  
phate buffer, p H  7.8, at 37’. K e y  (lipase activities): 0, 18 
unitslml; 0,9 units/ml; and e, control, 0 units/ml.  


doubtful if the rate of hydrolysis would be a limiting step in their 
absorption from the GI tract if compared with acetaminophen. 
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Effect of Various Alcohols on Intestinal Net Water 
Flux and Theophylline Absorption in Rats 


J. B. HOUSTON and GERHARD LEVYg 


Abstract 0 Previous studies in this laboratory demonstrated that 
the rate of intestinal absorption of theophylline in rats is increased 
significantly by ethanol in low concentrations and that this ab- 
sorption enhancing effect is associated with an increased net water 
flux from the intestine. It is now shown that other alcohols, namely 
methanol, n-propanol, n- butanol, glycerin, propylene glycol, and, 
to a lesser extent, mannitol and sorbitol, can also increase net 
water flux from the small intestine of anesthetized rats. Polyethyl- 
ene glycol 2.00 and 400 had no such effect, suggesting that these 
compounds do not penetrate to a site of action that elicits the in- 
creased net water flux. A t  initial concentrations of 0.1 and 1.0 M, 
glycerin and propylene glycol increase significantly the intestinal 
absorption rate of theophylline from the small intestine of anes- 
thetized rats. The results show that the theophylline absorption 
enhancing effect of ethanol is not limited to that particular alco- 
hol. 


Keyphrases Intestinal net water flux-effect of various alco- 
hols, glycerin and propylene glycol effect on theophylline absorp- 
tion in the rat 0 Theophylline absorption-effect of glycerin and 
propylene glycol, rats, related to effect of various alcohols on intes- 
tinal net water flux 0 Alcohols-effect on intestinal net water flux 
and theophylline absorption in rats 


Koysooko and Levy (1) recently showed that the 
rate of intestinal absorption of theophylline in rats is 
increased significantly by ethanol in low concentra- 
tions and that there is a positive rank-order correla- 
tion between the theophylline absorption rate and 
the net water flux from the intestine. These observa- 
tions led to three important questions: Can other al- 
cohols also enhance theophylline absorption? Does 
ethanol enhance the absorption of other drugs? What 
is the mechanism of the absorption enhancing effect? 


Reported here are results of an investigation con- 
cerned with the first of these questions. To proceed 
expeditiously, the effect of various concentrations of 
a number of alcohols on net water flux was deter- 
mined first. Then, having established that most of 
these alcohols, in a certain concentration range, in- 


Table I-Effect of Polyethylene Glycol 200 a n d  400 on 
Net  Water  Flux from Small Intestine of Rats 


Statis- 
tical 


N m -  Dif- 
ber R a t e  of N e t  ference 
of Water  Fluxa, from 


Ani- ml/cm/min Con- 
Additive mals x 104 trol 


None 7 6 .5  f O . 5 i b  - 
0.63% polyethylene 4 6 . 6  f 0.4 NSc 


6.3% polyethylene 4 7.1  + 0.7 NS 


0.63% polyethylene 4 5 . 8  f 0.8 N S  


6.3% polyethylene 4 6 . 0  f 0 . 7  N S  


glycol 200 


glycol 200 


glycol 400 


glycol 400 
~~ ~~~~ 


At steady state. * Mean =t SD. NS = not significant. 


20 40 60 
MINUTES 


Figure 1-Effect of alcohols i n  equimolar concentration on 
the cumulative net flux of water from the small intestine of the 
rat. Key: A, control (n = 5); 0, n-butanol (n = 4 ) ;  m, meth- 
anol (n = 4 ) ;  A, ethanol (n = 4 ) ;  a n d  0, n-propano1 (n = 
4 ) .  Vertical bars indicate 1 SD in each direction. All alcohol 
concentrations were 0.25 mole/liter. 


crease net water flux, the effect of two with particu- 
larly promising characteristics, glycerin and propyl- 
ene glycol, on the intestinal absorption of theophyl- 
line was determined. 


EXPERIMENTAL 


Male Sprague-Dawley rats, 280-350 g, were fasted overnight but 
had free access to water at all times. They were anesthetized with 
urethan, 1.5 g/kg ip. Net water flux from the intestine and theo- 
phylline absorption wew determined as previously described (1). 
Briefly, a portion of small intestine was cannulated in situ and 7 
ml of an alcohol solution was introduced into the intestinal lumen 
(2,3).  This solution was aspirated periodically for determination of 
net water flux. The solution consisted of various concentrations of 
methanol', ethanolz, n-propanol', n- butanoP, propylene glycol', 
glycerin', mannito14, sorbito14, polyethylene glycol 2003, and poly- 


Fisher Scientific Co., Fair Lawn, N.J. 
Commercial Solvents C o y  Terre Haute, Ind. 
Baker Chemical Co., Phil ipsburg, N.J. 
Nutritional Biochemical Corp., Cleveland, Ohio. 


Vol. 64, No. 4 ,  April 1975 / 607 







20 40 
MINUTES 


Figure 2-Effect of various concentrations of propylene glycol 
on the rate of net water flux from the small intestine of the rat; 
mean of  three experiments for propylene glycol and five ex- 
periments for control. Key:  A, control; ., 0.01 M; 0, 0.1 M; 
and A, 1 M. 


ethylene glycol 4005 dissolved in SQrensen's phosphate buffer solu- 
tion, pH 6.4. Sodium chloride was added as required to make the 
hypotonic solutions isotonic. 


For the absorption studies, theophylline4 was added in a concen- 
tration of 50 mg/100 ml and 0.2-ml portions were removed from 
the intestinal lumen periodically for determination of theophylline 
concentrations. The volume of drug solution in the intestine was 
maintained constant by addition of 0.9% sodium chloride solution 
from a 5-ml syringe before the removal of each sample. The differ- 
ence between the total volume of saline solution added over a de- 
fined period and the volume of solution removed for assay served 
as a measure of net water flux. No samples were removed from so- 
lutions that did not contain theophylline. Positive and negative 
fluxes indicate net water flow out of and into the intestinal lumen, 
respectively. Theophylline concentrations were determined spec- 
trophotometrically by the method of Schack and Waxler (4). 


RESULTS AND DISCUSSION 


Figure 1 shows the effect of methanol, ethanol, n-propanol, and 
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Figure 3-Effect of various concentrations of glycerin on the 
rate of net water flux from the small intestine of the rat; mean 
of three experiments for glycerin and five experiments for con- 
trol. Key:  A, control; 0 , O . l  M; A, 1 M; and ., 2.5 M. 


Union Carbide Co., New York, N.Y. 


I I I I I  I I , I I I I I I  I I I I 1  8 " I  


INlT IAL CONCENTRATION, rnoles/liter 
0.01 0.1 1.0 


Figure 4-Net water flux-concentration profile for  ethanol 
( O ) ,  propylene glycol (m) , and n-propanol ( A )  expressed as a 
ratio relative to the control; mean of three experiments each. 
The water flux is that determined at 60 min. 


n- butanol, a t  an initial concentration of 0.25 M, on the net water 
flux from the rat small intestine. Following an initial apparent lag 
period, the net water flux from buffer solution without alcohol pro- 
ceeded at  an  essentially constant rate of 6.5 X ml/cm/min 
(Fig. 1). All four alcohols had a statistically significant net water 
flux enhancing effect ( p  < 0.001 for the 10- and 60-min data). The 
order of effectiveness was n-butanol < methanol N ethanol < n- 
propanol. It should be recognized that the shape of the cumulative 
net water flux versus time curves is affected by the decrease of al- 
cohol concentration with time due to absorption. Similarly, the rel- 
ative order of effectiveness of the alcohols reflects not only their 
intrinsic activity but also their relative rate of absorption from the 
GI tract. 


The effect on the net water flux of propylene glycol and glycerin, 
two compounds of particular pharmaceutical interest, was studied 
over a wide concentration range (from 0.01 to 2.5 M initial concen- 
tration). Figure 2 shows the time course of the net water flux from 
the intestine after instillation of 0.01, 0.1, and 1.0 M solutions of 
propylene glycol. The rate of the net water flux first increased and 
then slowly decreased with time. 


Figure 3 represents the time course of the net water flux rates 
following instillation of 0.1, 1.0, and 2.5 M glycerin solution. The 
1.0 and 2.5 M solutions initially caused a negative net water flux 
which eventually became positive and exceeded the control value. 
An initially negative net water flux was also produced by 2.5 M 


I I I ,  I 1 I 1 1 , 1 1 ,  I I # , I I , , ,  


INITIAL CONCENTRATION, rnoles/liter 
0.01 0.1 1.0 


Figure 5-Net water flux-concentration profiles for glycerin 
( O ) ,  mannitol (m), and sorbitol (A). Details are given in pre- 
vious figure. 
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Table 11-Effect of Propylene Glycol and  Glycerin on Theophylline Absorption and N e t  Water  
Flux from Small Intestine of Ratso 


Ntim- Length nf o--- -- -. 
ber Weight Cannulated Theophylline 
of of Segment of Net  Water  Flux, Statistical Absorption, % Statistical 


Ani- Animals. Intestine. ml/cm/25 min Difference Unabsorbed Difference 
Additive* mals g cm x'102 from Control at 25 min from Control 


None 5 297 f 34 101 f 6 1 . 2  =t 0.15  - 25.3  f 3.1 - 


0.1 Mpropyleneglycol  4 317 f 17 99 =t 5 5.15 f 0.32  p < 0.001 1 3 . 8  f 3 . 2  p < 0.005 
1.0Mpropyleneglycol  4 290 f 29 102 f 4 5 . 7  f 0.72  p < 0 . 0 0 1  10 .9  f 1 . 5  p < 0 . 0 0 5  
0.1 M glycerin 4 319 f 25 102 f 7 4 .25  3~ 0 . 3 3  p < 0 . 0 0 1  1 7 . 2  f 1 . 9  p < 0 . 0 1  
1.0 A4 glycerin 4 300 f 13 101 =t 4 3 . 0  f 0 . 4 0  p < 0 . 0 0 1  15.0 f 3 . 7  p ( 0 . 0 0 5  


Results are listed as mean f SD. b All solutions contained theophylline, 50 mg/100 ml. 


propylene glycol. This result was probably due to the high osmotic 
pressure gradient caused by these more concentrated solutions, an 
effect that decreases with time as the alcohol concentration is low- 
ered by absorption. 


Oral administration of a drug solution with an alcohol additive 
results in a gradual decrease of the alcohol concentration due to 
dilution with GI fluids and absorption. Therefore, it is important 
to determine the relationship between alcohol concentration and 
effect on the net water flux. Figure 4 represents such concentra- 
tion-effect profiles for ethanol, n-propanol, and propylene glycol. 
The latter is more effective than ethanol and both increase the net 
water flux over a wide concentration range. The decrease in the ef- 
fect on the net water flux at  higher concentrations of the alcohols 
is probably due to the high osmotic pressure of the solutions which 
causes water flow into the intestinal lumen. In the case of n-propa- 
nol, this abrupt decrease in the effect on the net water flux may be 
due in part to the toxic effect of this alcohol. Animals that received 
1 M solutions of n-propanol expired after about 30 min. 


Figure 5 shows the concentration-effect profiles for glycerin, 
mannitol, and sorbitol. Unlike the latter two, glycerin is effective 


over a wide concentration range and its effect on the net water flux 
is almost independent of concentration over an approximately 
100-fold range. Its maximum effect is, however, somewhat less 
than that of propylene glycol. The much less pronounced effective- 
ness of mannitol and sorbitol may be due to a decreased accessibil- 
ity of these very polar and larger molecules to the site of action 
that elicits the increased net water flux. Consistent with this spec- 
ulation is the lack of any effect on the net water flux of polyethyl- 
ene glycol 200 and 400 (Table I). The net water flux values re- 
ported for these compounds are the steady-state values, i.e., the 
slope of a plot of cumulative net water flux uersus time following 
the initial lag phase as shown in Fig. 1 for the control (no alcohol) 
solution. 


Propylene glycol and glycerin, in concentrations of 0.1 and 1.0 
M, significantly increased the rate of absorption of theophylline 
from the rat small intestine (Figs. 6 and 7 and Table 11). Thus, as 
previously found with ethanol (l), there is an association between 
enhanced absorption of theophylline and net water flux. As stated 
previously ( l ) ,  this does not necessarily indicate a causative rela- 


I I 


10 20 
MINUTES 


Figure 6-Effect of propylene glycol on the time course of 
theophylline absorption from a 5O-mg/lOO ml solution instilled 
into a cannulated segment of small intestine of anesthetized 
rats. Key: 0, control (n = 5); W, 0.1 M propyleneglycol (n = 
4); a n d  A, 1 M propyleneglycol (n = 4) .  
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Figure 7-Efiect of glycerin on the time course of theophylline 
absorption from a 50-mg/100 ml solution instilled into a can- 
nulated segment of small intestine of anesthetized rats. Key: 
0, control; W, 0.1 M; and  A, 1 M. 
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Table 111-Effect of Theophylline on  N e t  Water Flux 
from Small Intestine of Rats in Presence of SBrensen's 
Buffer, Propylene Glycol Solution, and  Glycerin Solution 


Net  Water  Flux, ml/cm/20 min 
x 102 


Theophylline Theophylline 
Additive Present" Absenth 


None 0.95 f 0.15 0 .90  f 0.25 
0.1 M 4.30  f 0.35  4.45 f 0.40 


propylene 
glycol 


1 M  4.45 f 0.70 4.55 f 0.65 
propylene 
glycol 


glycerin 


glycerin 


0.1 M 3.65 + 0.30 3.50 f 0.35 


1 M  1 . 6 0  f 0.45 1.80 f 0.50  


a Mean of four animals + SD; initial thwphylline concentration of 60 
Mean of three animals f SD. None of these values differed mg/lM) ml. 


significantly ( p  > 0.6) from those in the presence of theophylline. 


tionship between these two effects. The mechanism of the absorp- 
tion enhancing effect of the alcohols is still being investigated in 
this laboratory. The magnitude of the effect of propylene glycol 
and glycerin on the net water flux was not affected by the presence 
of theophylline, nor did theophylline affect the net water flux from 
alcohol-free solutions (Table 111). 


The results of the present study show that the absorption en- 
hancing effect of ethanol on theophylline is not specific to that al- 
cohol. It is shared by propylene glycol and glycerin and, most like- 
ly, by other alcohols that were found to increase the net water flux 
from the intestine. Some of the compounds studied are suitable 
(and are used widely) as components of pharmaceutical formula- 
tions. The fact that they act in very low concentration is particu- 
larly striking. Their potential for enhancing the absorption of cer- 
tain drugs under clinical conditions remains to be explored. 
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Convective Diffusion Model for a 
Transport-Controlled Dissolution Rate Process 


KENNETH G. NELSON* and ASHOK C. SHAHX 


Abstract 0 A mathematical model based on convective diffusion 
was developed to describe the rate of dissolution from the surface 
of a compressed compact. Experimental studies were carried out to 
test the model. The basic experimental apparatus consisted of a 
modified rotating-filter-stationary basket dissolution test appara- 
tus. Dissolution rates from rectangular and circular surfaces of an 
homologous series of p-aminobenzoate esters permitted testing the 
theory with respect to solubility, geometry, and agitation condi- 
tions. The correlation between experimental results and theory 
was reasonably good considering that the test conditions were 
somewhat less than ideal. 


Keyphrases 0 Diffusion model, convective-transport-controlled 
dissolution rate process, p-aminobenzoates and modified rotating- 
filter-stationary basket apparatus CI Dissolution rate, transport 
controlled-convective mathematical diffusion model tested using 
p-aminobenzoates and modified rotating-filter-stationary basket 
apparatus 0 Transport-as controlling factor in dissolution rate 
process, convective mathematical diffusion model proposed and 
tested 


Reviews of the literature concerning dissolution 
rates of drugs (1-3) indicate that the most widely ac- 
cepted theory for dissolution rates is that proposed 
by Noyes and Whitney in 1897 and subsequently 
modified to include the stagnant or unstirred diffu- 


sion layer concept of Nernst and Briinnerl. In this 
form, the rate expression is: 


_ -  dc AD 
d t  - - (co  hu - C) 


(The notation is defined at  the end of the text.) 
I t  can be seen that the rate is directly proportional 


to the area exposed, the diffusivity, and the solubility 
and inversely proportional to the diffusion layer 
thickness. The first three variables enumerated can 
be determined by independent measurements, 
whereas the effective diffusion layer thickness, h, is a 
model-dependent parameter. As such, its significance 
and utility outside the confines of the model are nec- 
essarily limited. 


Transport-controlled dissolution in a stirred liquid 
involves two fundamental processes: molecular diffu- 
sion and forced convection as a result of fluid flow. 
Although hydrodynamic factors have been discussed 
and considered to some extent, particularly in regard 
to the rotating-disk technique (4, 51, a rather general 


See review articles for appropriate references 
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Quantitative Analysis of Triclocarban in Blood 


H. S. CHUN HONGx, R. J. STELTENKAMP, and N. L. SMITH 


Abstract 0 A method is presented for quantitatively determining 
triclocarban in blood. Triclocarban is extracted from blood with 
ether, isolated by TLC, and measured through its UV absorption 
at  265 nm in methanol. This method is sensitive to 250 ng (50 ppb 
in 5 ml of blood) of free triclocarban with a relative standard de- 
viation of 5.2%, correlated with a radiotracer analysis of "C-la- 
beled triclocarban. It has been applied successfully to the analysis 
of triclocarban in human and rabbit blood. 


Keyphrases 0 Triclocarban-quantitative analysis in human and 
rabbit blood 0 TLC-quantitative anarysis, triclocarban in human 
and rabbit blood UV spectroscopy-quantitative analysis, tri- 
clocarban in human and rabbit blood 


Recently, hexachlorophene was found to be ab- 
sorbed into the blood after topical application (1-3). 
Other bacteriostatics used in skin products must also 
be examined for skin absorption. This requires detec- 
tion methods sensitive to parts per billion (ppb) in 
blood. Triclocarbanl, a bacteriostatic currently used 
in personal care products, is effective against com- 
mon Gram-positive bacteria (e.g., Staphylococcus 
type) and fungi (4,5). 


An attempt by the authors to measure triclocarban 
by GC2 with electron capture was unsuccessful due to 
its low volatility. The authors were also unable to 
derivatize the possible enol (6) to increase volatility. 
Results are now presented concerning a method for 
quantitatively determining triclocarban in blood. 
This procedure employs the -extraction of triclocar- 
ban from blood with ether, isolation by TLC, and 
measurement through its UV absorption in metha- 
nol. 


EXPERIMENTAL 


Reagents-The following were used: triclocarban3 (99% pure as 
received), anhydrous ether (reagent grade), acetic acid (reagent 
grade), absolute methanol (reagent grade), and silica gel G-3254 
(325 mesh and above). 


Procedure-A 5.0-ml blood sample (0.5% sodium citrate was 
added as an anticoagulant) was frozen in an ethylene glycol ethyl 
ether5-dry ice bath (-20') for 10 min and then warmed to room 
temperature. The first extraction was made with 15 ml anhydrous 
ether on a mixer6 for 5 min. Ten milliliters of the supernate was re- 
moved and 10 ml of fresh ether was added for the second extrac- 
tion; this step was repeated for the third extraction. All ether ex- 
tracts were collected, evaporated to 3.0 ml on a water bath' a t  60°, 
mixed well with approximately 100 mg of silica gel G, and centri- 
fuged. Then 2.5 ml of the supernate was transferred to a 2.5-ml 
centrifuge tube and evaporated to dryness. 


The residue was taken up in 0.2 ml of methanol and spotted on a 


3,4,4'-Trichlorocarbanilide, TCC. * Hewlett Packard model 7610 A, column OV-17, 2% on Chromosorb 
WHP with 5% methane in argon as flow and purge gas. 


beled as 14C), Monsanto Co., St. Louis, Mo. 
3,4,4'-Trichlorocarbanilide including radioactive compound (ring la- 


Research Specialties Co., Richmond, Calif. 
Dowanol, Dow Chemical, Midland, Mich. 


N-EVAP-A water bath with fitted test tube rack that has air flow de- 
6 Vortex Genie mixer, Scientific Industries, Mass. 


vice on the top, Organomation Associates Inc., Shrewsbury, MA 01545 


Table I-Triclocarban Blood Levels by Different 
Analytical Methods (Rabbi t  Blood) 


Standard 
Triclo- 
carban, 


PPb 


0 
200 
400 


1000 
2000 
2400 
3000 
4000 
4000 
5000 


Radioisotope Technique 


Counting Counting 
Whole Ether  
Blood, Extracts, 


ppb  PPb 


0 0 
199 209 
398 413 
969 1054 


2127 2100 
2620 2382 
3246 3225 
4187 3881 
4199 4278 
5074 5336 


TLC- uv 
Method, 


PPb 


0 
205 
393 
899 


1800 
2800 
2900 
4100 
4400 
5800 


diethylaminoethylcellulose8-coated glass plate. On each plate, at 
least three standards of triclocarban were spotted along with un- 
known samples by adding known amounts of triclocarban stock so- 
lution (1 wg/pl of methanol) to each 5.0-ml blood sample and treat- 
ing in the same way as other samples. The plate was developed 
with carbon tetrachloride to remove the interfering background 
from the original triclocarban spot. Finally, the plate was devel- 
oped with 4.0% acetic acid in absolute methanol to approximately 
three-fourths of the length of the plate, and the triclocarban spot 
was located under shortwave UV light (254 nm). The spot was 
scraped off, collected in a 2.5-ml centrifuge tube, eluted with 0.3 
ml of methanol for 10 min in a water bath at 60°, and centrifuged. 
The UV absorption spectrum of the eluate was recordedg using 
5O-wl capacity microcellslO. Peak heights (absorbances) of the 
spectrum at 265 nm were used to determine the triclocarban. 


RESULTS AND DISCUSSION 


The recovery of bacteriostatic from whole blood" is 89.8 f 
14.4% (average f SD). This value was established by extracting 
blood samples with known amounts of triclocarban, from 100 to 
50,000 ppb, and comparing with ether extracts to which the same 
amount of triclocarban was added after the extraction of blank 
whole blood. Although percent recovery was not compared below 
100 ppb in this manner, it was possible to detect 50 ppb from blood 
samples inoculated with triclocarban, showing a good correlation 
with samples of higher concentrations. Recoveries were identical 
with both human and rabbit blood. 


It was also established that the three repetitive extractions gave 
maximum recovery. 


Recoveries decreased to 68% when samples were stored in a re- 
frigeratbr for 6 weeks. However, samples stored for 1 month at  0' 
gave identical recoveries as fresh samples. 


The linearity of the method was confirmed with blood samples 
through the standardization curves. Correlation coefficients (r) for 
linearity were calculated (7) for seven different sets of experi- 
ments, with three to five points for each set. They were found to be 
0.999, 0.989, 0.995, 0.998, 1.000, 0.995, and 0.999, and all were very 
close to perfect linearity (r = 1.000). 


The precision was determined by several replicate analyses of a 


S&S material, 100-125 pm, 20 X 20 cm. 
Shimadzu MFP-50L, American Instrument Co., Silver Spring, Md., or 


Cary model 14, Cary Instrument Co., Division of Varian Co.. Palo Alto, 
Calif. 


Beckman. 
Fresh human blood samples were donated by volunteers, and outdated 


human blood samples ( 3 4  weeks old) were obtained from Middlesex Gener- 
al Hospital, N.J. All samples were kept refrigerated until we. 
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human blood sample containing 500-1000 ppb of triclocarban. 
These blood samples were prepared by adding known amounts of 
triclocarban solution in absolute methanol (1.0 pg/pl). Four repli- 
cate samples for 500 ppb were spotted on one TLC plate and five 
replicate samples for 1000 ppb were spotted on another. The aver- 
age relative standard deviation was 5.2%. 


Samples for the radiotracer comparison were prepared by inocu- 
lating rabbit blood with a 0.1% methanol solution of 14C-triclo- 
carban. Ten samples ranged from 0 to 5000 ppb. Aliquots of each 
sample were analyzed for triclocarban using the present method 
(TLC-UV) and a radioisotope technique with both whole blood 
and their ether extracts. For isotope analysis, 100 pl of each blood 
sample was placed directly in 15 ml of 2,5-bis-2-(5,5-butylbenzoxa- 
zoly1)thiophene cocktail solution and counted in a liquid scintilla- 
tion counter12. Ether extracts were evaporated to dryness, taken 
up in 1.0 ml of methanol, and counted in the same manner. The 
parts per billion values recovered for the unknown samples with 
three methods are compared in Table I. An analysis of variance 
(ANOVA test) showed no significant differences in recoveries 
among the three methods. 


This method shows an average 90% recovery from blood with a 
good correlation with the amounts of triclocarban inoculated in 


12 Tricarb. Hewlett Packard. 


blood. Results of in vivo studies with this method with animals fol- 
lowing oral intubation and topical application of triclocarban will 
be published subsequently. 
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Clindamycin Phosphate: Neuromuscular and 
Blood Pressure Effects in Cats 


R. J. SAMUELSON *, A. H. GIESECKE, Jr., and F. T. KALLUS 


Abstract Three doses (10, 20, and 40 mg/kg) of clindamycin 
phosphate were tested in each of three feline neuromuscular prep- 
arations in a Latin-square sequence, and the muscular responses 
and blood pressures were compared. No statistically significant 
dose-related neuromuscular or blood pressure effects were ob- 
served. 


Keyphrases 0 Clindamycin phosphate-neuromuscular and 
blood pressure effects, cats Neuromuscular and blood pressure 
effects-clindamycin phosphate, cats 0 Blood pressure and neuro- 
muscular effects-clindamycin phosphate, cats 


Clindamycin phosphate, a semisynthetic antibiotic 
produced by chlorination of lincomycin, is very simi- 
lar in structure and antibacterial activity to its par- 
ent compound. 


Neuromuscular depressive effects of lincomycin 
were demonstrated in experimental animals using 
doses comparable to those used clinically (1, 2). Lin- 
comycin has been noted to interact with tubocurarine 
in a potentially clinically significant fashion to aug- 
ment neuromuscular depression (3,4). 


Rapid administration of lincomycin has been asso- 
ciated with syncope, hypotension, and cardiac arrest 
(2,5,6).  


Because of similarities between these drugs, this 
pilot experiment, employing the feline neuromuscu- 
lar preparation, was undertaken to study the poten- 


Table I-Neuromuscular Effects 


Depression of Time-Tension 
Dose, mg/kg Integral Response, % 


10 24 f 15 
20 15 31 10 
40 40 =!= 30 


tial neuromuscular and blood pressure effects of clin- 
damycin phosphate to determine if further studies 
were indicated. 


EXPERIMENTAL 


Three mongrel cats were anesthetized with halothane, nitrous 
oxide, and oxygen. A sciatic nerve-gastrocnemius muscle prepara- 
tion was established as previously described (4, 7). Blood pressure 
was monitored via an arterial cannula and recorded electronically. 
Each animal received three doses (10,20, and 40 mgkg iv) of clin- 
damycin phosphate according to a Latin-square design. Contrac- 
tions were allowed to return to the control level prior to each ad- 
ministration. The data were examined by analysis of variance and 
the Student t test. The effect of calcium chloride (50 pgkg) on re- 
covery also was evaluated. 


RESULTS 


Neuromuscular depression in the cat was produced by all doses 
of clindamycin phosphate administered. The mean percent de- 
pression of the time-tension integral response with 1 SD for each 
dose is shown in Table I. Wide variation between the effects of the 
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Determination of Stability Constants of 
Stannous Fluoride Complexes by 
Potentiostatic Titration 


K. G .  NELSON and K. N. AMIN * 


Abstract 0 The stability constants for stannous fluoride com- 
plexes were determined by potentiostatic titration. The method 
involves incremental additions of fluoride wherein each addition is 
followed by titration with stannous such that there is no change in 
the electromotive force developed between the fluoride ion and the 
reference electrodes. The values obtained were f l 1  = 4 X 103, f l2  = 
1.1 X lo7, and f l3  = 1 X lo9. The results of this work suggest that  
the potentiostatic method would be useful for determining stabili- 
ty constants in complexation systems involving an ion for which a 
specific ion electrode is available. 


Keyphrases 0 Stannous fluoride complexes-determination of 
stability constants, potentiostatic titration 0 Titration, potentio- 
static-determination of stability constants of stannous fluo- 
ride Stability constants-stannous fluoride complexes, poten- 
tiostatic titration 


Stannous fluoride is well recognized as a topically 
applied anticaries agent. Past work (1-3) has demon- 
strated that the various products formed from the 
reaction of stannous fluoride and hydroxyapatite are 
Sn3F~P04, Sn4(P04)2(OH)2 - HzO, SnHP04, and 
CaF2, depending on the experimental conditions. A 
thorough description of the solution chemistry of 
stannous fluoride is needed for an understanding of 
the reactions and for the construction of stability 
fields for this system. 


DISCUSSION 


Stannous ion forms three soluble complexes with fluoride in 
aqueous solution. The stoichiometry of these complexes is SnF+, 
SnF2, and SnF3-. Their stability constants have been determined 
by potentiometric titration (4) and by polarography (51, but there 
are wide discrepancies in the reported values. 


Kankare (6) recently reported a novel potentiostatic technique 
for determining dissociation constants of weak acids (or bases). 
Briefly, this method involves the titration of incremental increases 
of the weak acid with a strong base such that the electromotive 
force of the glass-reference electrode system remains constant. 
This procedure permits certain mathematical simplifications in 
data analysis and circumvents problems associated with the liquid 
junction potential and non-Nernstian electrode response. The PO- 
tentiostatic technique could be useful for studying equilibria in 
systems containing an ion for which there exists a specific ion elec- 
trode. 


The purposes of this study were: (a) to provide a set of stability 
constants for the stannous fluoride complexes to help clarify the 
discrepancy in reported values, and (b) to demonstrate the appli- 
cability of the potentiostatic technique to the study of a metal-ion 
complex system. 


THEORETICAL 


In an aqueous solution of pH 4 or below containing stannous and 
fluoride ions, the equilibria shown in Scheme I prevail. 


The corresponding complexation stability constants are: 


(Eq. 1) 


There are two additional equilibria involving fluoride ions 
(Scheme 11). 


Scheme 11 


Let the total amount (in moles) of stannous be s. the total amount 
of the fluoride be f, and the volume be V. Then the mass balance 
equations are as follows: 


f ]  
- = xiB,[Sn+'][F]f + [F-] + [HF] + 2[HF,-](Eq. 2 )  V 


,=I 


+ = L~,Is~+?~[F-I '  + [ ~ n + ' ]  (Eq. 3 )  
, = I  


Rearranging Eq. 2 and dividing by Eq. 3 give: 


where z may be considered the degree of complexation of fluoride 
with stannous. 


Rearrangement of Eq. 4 gives: 


At constant fluoride-ion and hydrogen-ion concentrations, the 
unique condition for a potentiostatic titration, Eq. 5 predicts a lin- 
ear relationship between f and s. A modification of this expression 
is necessary, however, due to the increase in V during the titration. 
At any time during the titration: 


(Eq. 6 )  f v=v,, + LY + - c, c, 
where V O  is the initial volume, and C, and Cf are the concentra- 
tions of the stannous and fluoride titrant solutions, respectively. 
By substituting Eq. 6 into Eq. 5 and letting: 


the following equation can be obtained: 
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Table I-Potentiostatic Data 


Ex: 
per.- 
men t  


Fluoride, moles X lo5 Stannous,  moles X los 
~~ 


f? fl SI S ?  SI m PH fo f l  


8.97 12.103 6.0611 10 .9  0.8261 
3.24 1 . 7 5  10.0 5.21 - 9.0976 4.3604 - 1.1255 
3 .22  


3 .26  2 . 5  10.01 5.01 7 .41  6.98 3.58 5.405 1.4058 
3.30 4 . 0  10.0 5 .0  6 .07  6.275 2.991 3.624 1.6335 


5.13 3 .89  5.411 2.818 2.006 1.8527 
- 4 .73  3.50 - 2.0912 


6 . 0  10.0 3.38 
7 . 2  


- 2.1382 
3.46 8 . 0  10 .0  


- 2 251 
10 .0  5 . 0  - 4.734 


- 2.723 
3 .53  10.0 
3.62 14.0 6.13 


1 . 0  11.04 5 .0  


2.266 
- _- 


0,99999 
0.99980 
0.99993 
0,99990 
0.99996 
0.99997 
0.99994 
- 


a Correlation coefficient. 


Table 11-Stability Constants  for Stannous Fluoride Complexes at 25 O 


Ionic 
Sources Methods S t r eng th  81 82 83 


Hall-Slater (4) Potentiometric 0.  85a 1 .80  X l o 6  5.79 x 108 1.77 x 109 
Bond-Taylor (5) Polarographic 1.00" 1.0 x 104 7 .0  X lo6 2.70 x 109 
Th i s  work Potentiostatic 0.10 4 .0  X l o 3  1.1 x 1 0 7  1 .0  x 109 


a Sodium perchlorate. 


which is of the linear form: 


f = s m  + h (Eq. 9) 


Plotting fluoride consumption uersus stannous consumption for 
the potentiostatic titration directly gives m = slope and b = inter- 
cept, from which X and 2 can be easily calculated. Since pH can 
be obtained experimentally and KHF and K H F ?  are reported con- 
stants, fluoride concentration, [F-], can be calculated from X by 
Eq. 7. Sets of 2 and [F-] are thus obtained from potentiostatic ti- 
trations and are used to  calculate the stability constants through a 
rearrangement of Eq. 4: 


z = L(i - z)[F-I'~, 


EXPERIMENTAL 


(Eq. 10) 
/ = I  


Materials and  Apparatus-The source of fluoride was a stan- 
dard solution' containing 0.1 f 0.0005 mole of sodium fluoride/ 
liter. Stannous sulfate was prepared by the method described by 
Donaldson and Moser (7). The remaining chemicals were reagent 
grade and were used without further purification except potassium 
dichromate, which was recrystallized twice from water. All solu- 
tions were prepared using boiled, double-distilled water stored 
under a nitrogen atmosphere. 


A potentiometric titrator2 was used as a null-point detector for 
the potentiostatic titration, as a pH meter, and as a potentiometer 
for the stannous analysis. For these applications a fluoride-ion 
electrode3, a glass electrode4, and a platinum electrode5, respec- 
tively, were used in conjunction with a silver-silver chloride low 
leak reference electrode6. The titration vessel consisted of a 50-ml 
capacity plastic beaker7, which was maintained a t  25' with a con- 
stant-temperature water baths. 


The stannous sulfate solution was delivered with a micrometer 
syringe9 or an ultraprecision micrometer buretlo. An automatic 
buret" was used for dispensing the fluoride and potassium dichro- 
mate solutions and was capable of delivering 1-pl volumes. The mi- 


1 Orion Catalog No. 94-09-06, Orion Research Inc., Cambridge, Mass. * Radiometer TTTlc, Radiometer A/S, Copenhagen, Denmark. 
Model 94-09A, Orion Research Inc., Cambridge, Mass. 
pH electrode No. 39301, Beckman Instruments, Inc., Fullerton, Calif. 


"Beckman Instruments, Inc., Fullerton, Calif. 
6 Perma probe solid-state reference electrode No. 39406, Beckman In- 


struments, lnc., Fullerton, Calif. 
TPX, No. 1203, Nalgene Labware, Rochester, N.Y. 
Model FK, Haake Instruments, Inc., Rochelle Park, N.J. 


9 Agla, Burroughs Wellcome & Co., London, England. 
lo Catalog No. 7876, Roger Gilmont Instruments, Inc., Great Neck, N.Y. 


ABU lB ,  B150, Radiometer A/S, Copenhagen, Denmark. 


crometer buret and syringe volumes could be read with an accura- 
cy of 0.1 pl. A Teflon-coated stirring bar and a magnetic stirrerl2 
were used to agitate the solution. 


Method-A 25-ml volume of the titration medium, consisting of 
0.03333 M sodium sulfate and 0.005% concentrated sulfuric acid, 
was pipetted into the titration vessel. A continuous flow of nitro- 
gen was maintained over the solution. A small, accurately known 
amount of fluoride, fo, was added and the potential was allowed to  
stabilize. The end-point for the titration was set at  this potential 
on the titrator. 


Aliquots of the fluoride solution were then added corresponding 
to amounts / I ,  f z ,  and f 3 .  Each addition of fluoride was followed 
by a titration back to the adjusted end-point with corresponding 
amounts of stannous s 1, s 2, and s 3. The stannous sulfate solution 
was freshly prepared for each experiment by dissolving 400 mg in 2 
ml of water and filtering through a membrane13 filter of 0.22-pm 
pore size. After each experiment the titration mixture was subject- 
ed to stannous analysis by the method of Collins and Nebergall (8) 
to ensure that the amount of stannous present would be accurately 
known. 


The pH was monitored by means of a duplicate experiment. I t  
was determined after the initial fluoride addition and a t  the com- 
pletion of the titration. There was no noticeable or measurable 
change in pH. 


RESULTS 


The data obtained from the potentiostatic titrations (Table I )  
were processed by performing a least-squares calculation on the 
cumulative additions of fluoride and stannous. The linearity pre- 
dicted by theory (Eq. 8) is quite satisfactory as displayed by the 
correlation coefficients. The slopes and intercepts (fo) shown were 
used to determine sets of Z and [F-] by means of Eqs. 7-9 and 
using K H F ~  = 2.59 X lo-' (9) and K H F  = 9.312 X 


To determine the concentration stability constants from the sets 
of Z and [F-I, i t  was first assumed for experiments 1-3 that 
[SnFz-] was sufficiently small that it could be ignored. Values for 
01 and 02 were then calculated by solving simultaneous equations 
( i  = 1 , 2  in Eq. 10). This value of 01 was used in a modified Leden's 
method (11) to get a better estimate for 02. The procedure involved 
plotting log [ Z  - (1 - Z)&]/(2 - Z) uersus log [F-]  for the data of 
experiments 1-4. If the ISnF3-] is sufficiently low, this plot should 
have a slope of two. Such was the case so that the intercept was 
used to obtain the better estimate of 02. By using 01 and Pz, the 
method of Leden was used to determine 0:3. The stability constants 


(10). 


Sargent-Welch Scientific Co., Skokie, Ill. 
l 3  GSWP 013, Millipore Corp., Bedford, Mass. 
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Table 111-Comparison of Calculated a n d  Experimental  
Values of Z 


Experimental  Calculated 


0 .822  
1 .  i 1 7  
1 .391  
1 .607  
1.808 
2.025 
2.055 
2.132 


0.826 
1.213 ~ ~. ~ 


1.426 
1 .684  
1.872 
1.988 
2.069 
2.184 


obtained along with those reported in the literature are given in 
Table 11. 


It can be seen that there is wide discrepancy in the reported sta- 
bility constant for SnF+. The reported value (4) was determined 
by regression analysis. In a review article, Bond (12) cautioned 
against applying statistical analysis of complexation data without 
appropriate weighing of the data relative to the known chemistry 
of the system. Using Leden's method, Bond calculated the fol- 
lowing stability constants from the data of Hall and Slater (4): 
= 3 X lo4, p2 = 1.5 X lo8, and 03 = 2 X 10'". Thus, the new is in 
closer agreement with the value reported by Bond and Taylor (5), 
but they expressed uncertainty in their reported value because of 
curvature in their Leden plot. 


The agreement in reported values of 63 is satisfactory consid- 
ering the differences in experimental methods, computational 
analyses, and ionic strengths. The 02 values reported range over 
two orders of magnitude, with the one determined in this work oc- 
cupying an intermediate position. If the values are transformed to 
association constants for the sequential reaction shown in Scheme 
111, then the respective constants for the current work would be 4 
X LO?, 2.75 X lo3, and 9.09 X 10'. 


SnF;!;'' + F- S SnF,"-" i = L2.B 


Scheme 111 


The respective constants of Bond and Taylor (5) would be 1.2 X 
lo4, 4 X lo2, and 6.02 X lo2. I t  can be seen that the latter values 


Dehydration of Tetracycline 


K. D. SCHLECHT *x and C .  W. FRANK * 


Abstract 0 The dehydration of tetracycline a t  the C-5a-C-6 posi- 
tion as a function of acidity was investigated at various tempera- 
tures. The rate was first order with respect to tetracycline and with 
respect t o  [H+]. Rate constants and an activation energy are re- 
ported. Tetracycline was unstable in dilute acid. 


Keyphrases 0 Tetracycline-dehydration kinetics, effect of acid- 
ity at various temperatures 0 Dehydration kinetics-tetracycline, 
effects of acidity a t  various temperatures 0 Stability-tetracy- 
cline, dehydration, effects of acidity a t  various temperatures 


Tetracyclines have been subjected to numerous 
reactions to aid in elucidating their structures; one 
reaction involves dehydration at the C-5a-C-6 
position in the presence of warm mineral acids (1- 
4). When tetracycline [4-(dimethylamino)-l,4,4a,- 


are not sequentially in order, which is physically unrealistic. 
T o  assess whether stability constants are satisfactory, i t  has 


been suggested that a point-by-point comparison be made between 
experimental and calculated values (12). Such a comparison is 
shown in Table 111. The stability constants reported in this work 
are quite satisfactory by this criterion and give a much better fit 
than if other reported sets of f l  are used. 
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5,5a, 6,11,12a-octahydro-3,6,10,12,12a-pentahydroxy- 
6-methyl-l,ll-dioxo-2-naphthacenecarboxamide] (I) 
is dehydrated, anhydrotetracycline [4-(dimethyla- 
mino) - 1,4,4a, 5,12,12a-hexahydro-3,10,11,12a-tetra- 
hydroxy -6 -methyl- 1,12-dioxo-2-naphthacenecarbox- 
amide] (11) is formed; I1 has aromatic character in 
both the C- and D-rings. 


The benzylic C-6 position of I has a tertiary hy- 
droxyl, which is trans to the adjacent C-5aH, thereby 
making the hydroxyl very acid labile and anhydro 
formation an easy process. Recently, the ease of 
anhydro formation has been used in the analysis of 
tetracyclines. Generally, I and its main degradation 
products [11, 4-epitetracycline (111), and 4-epianhy- 
drotetracycline (IV)] can be separated by TLC, treat- 
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PHA RMA C E  UTICA L ANAL YSIS 


Fluorometric Assay of Thioguanine 


JOE M. FINKEL 


Abstract A spectrophotofluorometric method is described for 
the assay of thioguanine. The assay involves the oxidation of 
thioguanine with potassium permanganate to a fluorescent prod- 
uct. The method is suitable for routine quality control in laborato- 
ry preparations of thioguanine. 


Keyphrases Thioguanine-spectrophotofluorometric assay 
Spectrophotofluorometry-determination, thioguanine 


Basic quantitative data concerning drug dosage are 
required to obtain effective chemotherapy against 
tumor cells. Very sensitive and specific assays are 
needed to determine the anticipated low concentra- 
tions of anticancer drugs and their metabolites in 
various biological systems. Fluorometry, which af- 
fords the required sensitivity and specificity, has 
been used in this laboratory for such analytical deter- 
minations (1-5). 


As part of an integrated program to investigate the 
pharmacokinetics and physiological disposition of 
antileukemic drugs, this laboratory became con- 
cerned with thioguanine (2-aminopurine-6-thiol), 
which inhibits a wide spectrum of neoplasms (6-9). 
In the initial studies, a quality control method was 
required for thioguanine injection solutions. Also, the 
method had to be adaptable for the assay of thio- 
guanine in serum. 


A literature survey revealed a limited number of 
applicable assays for thioguanine. One method em- 
ployed thioguanine labeled with 35S (lo), whereas 
other assays used 14C (7,9). Although tracer methods 
generally extend the limits of sensitivity of an assay, 
they often lack specificity without prior separation of 
the drug from labeled metabolites. Pittillo and Wool- 
ley (11) reported a microbiological assay for thio- 
guanine that had a lower limit of sensitivity of 1.0 
pg/ml and required 24-hr preincubation and 16-hr in- 
cubation periods. 


This report describes a simple and sensitive fluoro- 
metric assay for thioguanine standards which are oxi- 
dized with alkaline potassium permanganate solution 
to a fluorescent product. Fluorescence emission is 
measured at  410 nm with an excitation wavelength of 
330 nm. 


EXPERIMENTAL 


Instrumentation-Fluorescence measurements were made 
with a spectrophotofluorometerl and an x-y recorder. The fol- 
lowing instrument settings were used for all measurements: slit ar- 
rangement, No. 4; photomultiplier shutter, 4 mm; and sensitivity 


Aminco-Bowman. 


250 300 350 400 450 500 550 
WAVELENGTH, nm 


Figure 1-Excitation spectrum ( A )  and fluorescence spectrum 
(B)  of oxidized thioguanine (1.0 pg/mZ). 


control, 40. Stainless steel mirrors were inserted in the cell com- 
partment to increase the amount of radiation reaching the photo- 
multiplier tube. 


UV absorption measurements were made with a spectrophotom- 
e.ter2. 


Reagents-Combustion analyses for thioguanine3 showed 
35.9% carbon, 3.0% hydrogen, and 42.2% nitrogen. Calculated 
values were 35.9% carbon, 3.0% hydrogen, and 41.9% nitrogen. The 
-UV absorption spectrum a t  pH 1 gave Amax 257 (6, 8120) and 347 
(em 20,425) nm. These data agreed with previously reported values 
(12). 


Thioguanine standards in water were prepared in a concentra- 
tion range of 0.003-1.0 pg/ml from a IO-pg/ml stock solution. A 
drop of 6 N NaOH was added to 100 ml of the stock solution to 
dissolve the thioguanine. 


Carbonate-bicarbonate buffer (pH 10.1) was prepared by the 
addition of 30.0 ml of 0.2 M sodium carbonate solution to 20.0 ml 
of 0.2 M sodium bicarbonate solution. 


Potassium permanganate, 0.24% (w/v), and 30% hydrogen perox- 
ide were also used. 


Analytical Procedures-To 0.5 ml of pH 10.1 carbonate-bi- 
carbonate buffer in a centrifuge tube was added 0.5 ml of thio- 
guanine standard solution. After the buffered solution was stirred, 
0.5 rnl of 0.24% potassium permanganate was added to initiate oxi- 
dation of the drug. After 10 min of oxidation, the excess permanga- 
nate was reduced by the addition of 1 drop of 30% hydrogen perox- 
ide. The resulting mixture was stirred thoroughly and centrifuged 
at  1640Xg for 10 min. The clear, colorless supernate was measured 
fluorometrically at 410 nm when excited at  330 nm. 


RESULTS AND DISCUSSION 


Fluorescence Studies-The assay for thioguanine reported 
here is a modification of a fluorometric assay for mercaptopurine 
(1). Both compounds are susceptible to  similar chemical changes. 
Since thioguanine does not have a high quantum yield of fluores- 
cence, the drug was oxidized with alkaline potassium permanga- 
nate to a fluorescent product. The oxidation product was identi- 
fied as 2-aminopurine-6-sulnate. 


* Cary model 17. 
Supplied by Dr. J. A. Montgomery, Organic Department, Southern Re- 


search Institute. All other purine derivatives used in this work were supplied 
by Dr. R. F. Pittillo, Microbiology Division, Southern Research Institute. 
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Figure 2-Relative fluorescence intensities of thioguanine 
standards after potassium permanganate oxidation. 


The oxidations of thioguanine and mercaptopurine and their 
corresponding sulfinates with alkaline potassium permanganate to 
sulfonates were reported elsewhere (1,13). Figure 1 shows the exci- 
tation and fluorescence spectra of thioguahine after oxidation. The 
maximum excitation occurs a t  330 nm, and with that excitation 
wavelength the maximum fluorescence occurs at 410 nm. 


The relative fluorescence intensity is linear with the concentra- 
tion of thioguanine in water for the three concentration ranges ex- 
amined (Fig. 2). The values plotted on the abscissa are concentra- 
tions of the thioguanine standards submitted to oxidation and do 
not include the 1 to 3 dilution of the 0.5-ml standard solution with 
buffer and permanganate. 


Sensitivity-The lower limit of detection of thioguanine with 
the fluorometric assay is 0.003 pglml, whereas the upper limit is 
1.0 fig/ml. Samples expected to have high drug concentration must 
be diluted. The average background relative fluorescence intensity 
of a water blank was 0.13 f 0.02 arbitrary unit. 


Reproducibility-Twenty samples containing 0.8 pg/ml of 
thioguanine were assayed by the fluorometric method. A set of 10 
samples was measured in the morning, and a second set of 10 sam- 
ples was determined in the afternoon. The mean value and stan- 
dard deviation of the combined sets were 0.87 f 0.07 pglml. The 
value of the afternoon samples was 0.84 f 0.01 pg/ml, which indi- 
cates a better reproducibility as familiarity with the method and 
skills improved. 


Interferences-To determine the specificity of the fluoromet- 
ric assay for thioguanine, the fluorescence spectra of some related 
purine derivatives were examined. Table I presents the relative 
fluorescence intensity at 410 nm for each derivative oxidized and 
excited at 330 nm. Because of high fluorescence emission, two of 
the compounds were diluted to 1.0 pglml but all other purine de- 
rivatives were measured at  a concentration of 10 pg/ml. Only one 
sample listed in Table I was not oxidized so as to observe differ- 
ences of fluorescence intensities between unoxidized and oxidized 
thioguanine. 


Table I-Relative Fluorescence Intensities of Purine 
Derivatives after Oxidation with Potassium. 
Permanganate 


Concen- Relative 
tration, Fluorescence 


Compound p g / d  Intensity 


Thioguanine (unoxidized) 10 0.53 
Thioguanine (oxidized) 1 62.49 
6-Thioguanosine 1 49.20 
Guanine 10 0 . 0 3  
Xanthine 10 0.52 
6-Thioxant hine 10 72.40 
6-Thiouric acid 10 0.34 


Although thioguanine did not strongly fluoresce, oxidation of 
the drug gave a product with over a 1000-fold increase in fluores- 
cence intensity. Guanine, which serves as a starting material in the 
synthesis of thioguanine, produced the lowest relative fluorescence 
intensity and, thus, cannot interfere with this fluorometric assay. 
Only thioguanosine and 6-thioxanthine showed enough fluores- 
cence to interfere; however, the presence of these two compounds 
in a thioguanine standard preparation is unlikely. 


Although this fluorometric assay is presented for monitoring 
laboratory preparations of thioguanine, the assay with modifica- 
tions is applicable to biological samples. Studies concerned with 
the measurement of thioguanine serum levels in mice, dogs, and 
monkeys were conducted in these laboratories. The in uiuo studies 
will be reported. 
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Table 111-Effect of Theophylline on  N e t  Water Flux 
from Small Intestine of Rats in Presence of SBrensen's 
Buffer, Propylene Glycol Solution, and  Glycerin Solution 


Net  Water  Flux, ml/cm/20 min 
x 102 


Theophylline Theophylline 
Additive Present" Absenth 


None 0.95 f 0.15 0 .90  f 0.25 
0.1 M 4.30  f 0.35  4.45 f 0.40 


propylene 
glycol 


1 M  4.45 f 0.70 4.55 f 0.65 
propylene 
glycol 


glycerin 


glycerin 


0.1 M 3.65 + 0.30 3.50 f 0.35 


1 M  1 . 6 0  f 0.45 1.80 f 0.50  


a Mean of four animals + SD; initial thwphylline concentration of 60 
Mean of three animals f SD. None of these values differed mg/lM) ml. 


significantly ( p  > 0.6) from those in the presence of theophylline. 


tionship between these two effects. The mechanism of the absorp- 
tion enhancing effect of the alcohols is still being investigated in 
this laboratory. The magnitude of the effect of propylene glycol 
and glycerin on the net water flux was not affected by the presence 
of theophylline, nor did theophylline affect the net water flux from 
alcohol-free solutions (Table 111). 


The results of the present study show that the absorption en- 
hancing effect of ethanol on theophylline is not specific to that al- 
cohol. It is shared by propylene glycol and glycerin and, most like- 
ly, by other alcohols that were found to increase the net water flux 
from the intestine. Some of the compounds studied are suitable 
(and are used widely) as components of pharmaceutical formula- 
tions. The fact that they act in very low concentration is particu- 
larly striking. Their potential for enhancing the absorption of cer- 
tain drugs under clinical conditions remains to be explored. 
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Convective Diffusion Model for a 
Transport-Controlled Dissolution Rate Process 


KENNETH G. NELSON* and ASHOK C. SHAHX 


Abstract 0 A mathematical model based on convective diffusion 
was developed to describe the rate of dissolution from the surface 
of a compressed compact. Experimental studies were carried out to 
test the model. The basic experimental apparatus consisted of a 
modified rotating-filter-stationary basket dissolution test appara- 
tus. Dissolution rates from rectangular and circular surfaces of an 
homologous series of p-aminobenzoate esters permitted testing the 
theory with respect to solubility, geometry, and agitation condi- 
tions. The correlation between experimental results and theory 
was reasonably good considering that the test conditions were 
somewhat less than ideal. 


Keyphrases 0 Diffusion model, convective-transport-controlled 
dissolution rate process, p-aminobenzoates and modified rotating- 
filter-stationary basket apparatus CI Dissolution rate, transport 
controlled-convective mathematical diffusion model tested using 
p-aminobenzoates and modified rotating-filter-stationary basket 
apparatus 0 Transport-as controlling factor in dissolution rate 
process, convective mathematical diffusion model proposed and 
tested 


Reviews of the literature concerning dissolution 
rates of drugs (1-3) indicate that the most widely ac- 
cepted theory for dissolution rates is that proposed 
by Noyes and Whitney in 1897 and subsequently 
modified to include the stagnant or unstirred diffu- 


sion layer concept of Nernst and Briinnerl. In this 
form, the rate expression is: 


_ -  dc AD 
d t  - - (co  hu - C) 


(The notation is defined at  the end of the text.) 
I t  can be seen that the rate is directly proportional 


to the area exposed, the diffusivity, and the solubility 
and inversely proportional to the diffusion layer 
thickness. The first three variables enumerated can 
be determined by independent measurements, 
whereas the effective diffusion layer thickness, h, is a 
model-dependent parameter. As such, its significance 
and utility outside the confines of the model are nec- 
essarily limited. 


Transport-controlled dissolution in a stirred liquid 
involves two fundamental processes: molecular diffu- 
sion and forced convection as a result of fluid flow. 
Although hydrodynamic factors have been discussed 
and considered to some extent, particularly in regard 
to the rotating-disk technique (4, 51, a rather general 


See review articles for appropriate references 
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Eq. 4 yields: 


Figure 1-Convective diffusion model. 


treatment of drug dissolution in terms of diffusion 
and concomitant convection has not been developed. 
The purposes of this study were to apply a convective 
diffusion model to the drug dissolution process and 
to test the model experimentally. 


THE 0 RE T I C A L 


The model to be developed is based on convective diffusion 
theory, i.e., the mathematical expressions for mass transport by 
diffusion and convection are combined to give a “convective diffu- 
sion” differential equation. The development of an expression for 
the dissolution rate, then, involves selecting appropriate boundary 
conditions and solving the differential equation utilizing these 
boundary conditions. 


The convective diffusion equation was given by Levich (6) as: 


D d i v g r a d c  - V & C  
ac 
at 
- =  


The first term on the right side is the diffusion contribution, 
whereas the second term arises from convection. For steady state, 
the change in concentration with time is zero, so the steady-state 
convective diffusion equation is: 


D d i v g r a d c  = V g r a d c  Oh 3) 


The physical model will be developed on the basis of the fol- 
lowing assumptions. The liquid is flowing past the dissolving sur- 
face in the x direction, and convective flow in the y and z direc- 
tions is nonexistent. The solid is dissolving by diffusion in the z di- 
rection, which is normal to the surface of the dissolving solid. With 
these assumptions, Eq. 3 becomes: 


(Eq. 4 )  


The liquid into which the diffusion occurs requires special con- 
sideration. In cases where a solid plane is positioned parallel to un- 
idirectional, frictionless flow, a parabolic laminar hydrodynamic 
boundary layer develops on the solid (7). If the solid undergoes 
dissolution, the diffusion boundary layer is also well characterized 
(7). The flow regime in most equipment designed for drug dissolu- 
tion tests, however, is turbulent to ensure efficient mixing, so the 
parabolic boundary layers do not develop. Under certain turbulent 
circumstances, however, i t  is customary to consider the fluid layer 
immediately adjacent to a solid wall as having a laminar nature 
(8). Thus, i t  will be assumed that the boundary layer into which 
the dissolution is occurring is laminar and, furthermore, that i t  
may be described by a linear velocity profile. The liquid velocity 
term then is given by: 


v, = az  (Eq. 5 )  


The physical model is shown in Fig. 1. Substituting Eq. 5 into 


and the boundary conditions are: 


c = co for 0 < x < L, z = O  (Eq. 7a)  
c = O  f o r z = m  (Eq. 76) 
c = O  f o r x = O  (Eq. 7c) 


The first boundary value requires that a saturated layer always ex- 
ists a t  the solid-liquid interface and that any interfacial barrier or 
reaction is insignificant. The second and third boundary condi- 
tions relate to “sink” conditions. 


The mathematical solution to Eq. 6 has been presented for an 
analogous situation (8). I t  is: 


r(4/3) 
c =  


p = z(  


Hence, the initial rate of dissolution is: 


(Eq. 9) 
Z - 0  


R = - D ( E )  


If Eq. 8a is substituted into Eq. 9 and the necessary differentiation 
is performed, Eq. 9 can be integrated over one surface of a rectan- 
gular tablet of length L (in the direction of flow) and width b to 
obtain: 


(Eq. 10) R = 0.808 D2’3~0a‘13 bL2I3 


If Eq. 9 is integrated over one surface of a circular tablet of radius 
r: 


0%. 11) R = p.~7D2/3C0al/3r5/3 


Equations 10 and 11 should describe the initial dissolution rates 
from a surface of a rectangular tablet and a disk, respectively, pro- 
vided that the boundary conditions are met and the assumptions 
in their derivations are valid. 


EXPERIMENTAL 


The dissolution rates were determined in a modified rotating-fil- 
ter-stationary basket apparatus* which has been described pre- 
viously (9, 10). In place of the stationary basket, however, a stain- 
less steel die and holder assembly .was developed that would per- 
mit the dissolution from a constant area surface of a rectangular 
nondisintegrating tablet (Fig. 2). The face of the die measured 4.76 
X 4.76 cm and was 0.95 cm thick. The edges were beveled at 45’ to 
promote the development of an adherent, laminar boundary layer. 
The opening for the tablet was 2.54 X 0.317 cm, which gives a 
length to width ratio of 81, and the die could be mounted with ei- 
ther the long or short dimension parallel to the direction of liquid 
flow. Each tablet was prepared by placing the die face down on a 
smooth surface, pouring the powder in the opening from the back 
side, and compressing with an appropriately sized rectangular 
punch on a hydraulic press3. 


T o  determine dissolution rates from circular surfaces, a clear 
plastic die was fabricated having the same external dimensions as 
the die already described. In  place of the rectangular opening, a 
circular channel of diameter 2.22 cm was bored through the die. 
Therefore, a flat-faced tablet could be mounted by placing the die 
face down on a microscope slide and holding the tablet against the 
slide in the die opening with a probe while pouring molten wax in 


2 Coffman Industries, Kansas City, KS 66101 
3 Carver laboratory press, Fred S. Carver, Inc., Summit, N.J. 
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Table I-n effect of Die Orientation on the Dissolution 
Rate (R) of E thy l  p-Aminobenzoates 


Table 11-Comparison of Convective Diffusion a n d  
Unst i r red Laye r  Theories 


~~~ 


Revolutions Die  Orientation 
per 


Minu te  Vertical Horizontal  Ratio 


R ,  moles min-1 
200 1 . 2 7 4  X 8 . 6 9  x l O P  1 . 4 6  
300 1 .456  x 9.19 x 1 . 5 8  
400 1 . 6 2 8  X 1.081 X 1 . 5 1  


Parameter 
Unstirred Convective 


Laye r  Diffusion 


Solubili ty 
Surface (rectangle) 
Surface (disk) 
Diffusivity 
Shear rate 


the opening. This arrangement would accommodate any flat-faced 
tablet having a diameter less than 2 cm and would ensure that the 
dissolving surface would be coplanar with the surface of the die. 


The positioning of the die in the dissolution apparatus is a criti- 
cal factor in the development of the flow pattern past the die. To 
ensure reproducibility and to prevent the boundary layer from 
separating from the die in the region of the dissolving surface, the 
following placement was chosen: 4.12 cm from the center of the die 
holder rod to the center of the rotating filter, 112O angle between 
the face of the die and an imaginary line connecting the midpoints 
of the centers of the rotating filter and the die holder and facing 
into the counterclockwise motion of the liquid, and 12 cm from the 
upper edge of the die to the lower surface of the apparatus cover. A 
line mark ascribed on the flask surface (Fig. 2) facilitated accurate 
positioning of the die. This placement was chosen by subjective 
evaluation of the behavior of the boundary layer a t  various orien- 
tations of the die in the apparatus. This behavior was observed by 
utilizing a tablet composed of a water-soluble dye and polyethyl- 
ene glycol 6000. 


The compounds selected for study were the methyl through 
pentyl esters of p-aminobenzoic acid, which have been well charac- 
terized (11). For a typical experiment utilizing the metal die, 200 
mg of solid was compressed a t  1500 lb for 1 min and the die was 
held above the water level in the flask until the temperature of the 
water (1006 mi) and the apparatus was 3 7 O .  The die was then posi- 


tioned as described, and the chart recorder was started for moni- 
toring the ester concentration with a flow cell in a spectrophotom- 
eter4. The molar absorptivity for these compounds is 1.652 X lo4 
a t  285 nm. 


RESULTS AND DISCUSSION 


The convective diffusion dissolution rate expressions (Eqs. 10 
and 11) were derived assuming that the boundary layer flows past 
the dissolving surface in a regular manner. There may be experi- 
mental problems in meeting this requirement, however, because 
the dissolving surface is planar whereas the rotating-filter appara- 
tus produces a tangential annular flow system. When using blue 
dye as a flow visualization technique, it was observed that the 
boundary layer flowed along the surface to a point about 0.5 cm 
forward of the trailing edge of the die, where it separated from the 
surface and entered the mainstream of flow. Thus, the boundary 
layer adhered over the dissolving surface, although it did tend to 
move downward from the horizontal by approximately 10". A 
somewhat nonuniform blue density suggested that the boundary 
layer is affected by eddies entering from the main flow stream. It is 
expected that these phenomena will reduce the correlation be- 
tween theory and experiment. 


The dissolution rates for the methyl through pentyl esters of p -  
aminobenzoic acid were determined to test the effect of solubility. 
According to Eq. 10, the rate is directly proportional to solubility if 
all other variables remain constant. The rates were determined 
with the die in the vertical position and a stirring rate of 300 rpm. 
The solubility values were obtained from Yalkowsky et  al. (11). 
Figure 3 is a plot of log R versus log CO, on which a line of slope 1 
was constructed to permit visual correlation with theory. The 
least-squares slope of this plot is 0.939 with a correlation coeffi- 
cient of 0.997. The correlation between experiment and theory is 


Figure 2-Dissolution test apparatus.  
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Figure 3-Log-log plot of rate data  as u function of solubility. 
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Figure 4--Log-log plot of rate data as a function of tablet 
radius. 


good, considering that the diffusivity is changing by a small factor 
over the ester series and the presence of the more soluble species in 
the boundary layer may affect the value of a. 


The metal die was designed to produce a rectangular tablet with 
a length to width ratio of 8:l so that Eq. 10 could be tested with re- 
spect to the orientation of the tablet surface relative to the flow. 
According to Eq. 10, the rate of dissolution should be twice as fast 
with the tablet in the vertical position, i.e., with the long axis per- 
pendicular t o  flow, than with the tablet in the horizontal position. 
Table I shows data obtained using ethyl p-aminobenzoate with the 
die in the two orientations a t  various stirring rates. While the ob- 
served increases of about 50% in the rate in the vertical orientation 
relative to the horizontal do not indicate the factor of two predict- 
ed by Eq. 10, the discrepancy is probably due at least in part to the 
less than ideal behavior of the boundary layer. 


Nevertheless, the observed differences bring out the importance 
of considering convection along with diffusion. The commonly em- 
ployed stagnant layer model described by Eq. 1 has the rate direct- 
ly proportional to area. Since the dissolving surfaces in these ex- 
periments have identical areas, Eq. 1 would require stagnant layers 
of different thicknesses for the two orientations. This is untenable 
because the flow characteristics for the two orientations are simi- 
lar. 


To test further the rate dependence on surface geometry, disso- 
lution rates were determined for ethyl p-aminobenzoate disks 
mounted in the plastic die. Four tablets were used, ranging from 
0.397 to 0.873 cm in radius, with a stirring rate of 200 rpm. A plot 
of log R uersus log r is shown in Fig. 4. The least-squares slope of 
the log-log plot is 1.79, which is closer to the slope of 1.67 expected 
from convective diffusion theory (Eq. 11) than to 2.00 (from r r 2 )  
in the unstirred layer theory (Eq. 1). Again, while these data are 
not conclusive, the influence of the convective diffusion phenome- 
non, i.e., the build-up of solute in the hydrodynamic boundary 
layer, is apparent. 


The one parameter in the convective diffusion theory that can- 
not be readily measured or calculated independently in this partic- 
ular experimental system is the rate of shear. The functional de- 
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Figure 5--log--log plot of rate data  as a function of st irring 
rate. 


pendence on the shear rate can be implicitly evaluated, however, in 
the following manner. If the rate of shear in the boundary layer is 
directly proportional to the rate of shear in the bulk liquid, i .e. ,  the 
stirring rate, then a plot of log R uersus log revolutions per minute 
should be a straight line with a slope of 0.33, as required by Eq. 10. 


Data for the dissolution rate of ethyl p-aminobenzoate from the 
rectangular die in the vertical orientation as a function of agitation 
conditions ranging from 200 to 500 rpm are shown as a log-log plot 
in Fig. 5. A line of slope one-third is drawn through the data ac- 
cording to theory, and the least-squares slope is 0.355 with a corre- 
lation coefficient of 0.999. It thus appears that  the assumption 
concerning shear rate in the boundary layer is reasonable under 
the present conditions. Both the theory and experimental data 
support the fact that  the dissolution rate is a relatively weak func- 
tion of the stirring rate, i .e.,  R a a1I3. 


The convective diffusion model presented in this report predicts 
a dissolution rate having different functional relationships of the 
variables than the unstirred layer theory. Table I1 summarizes 
these dependencies for the two models. It can be seen that the dif- 
ferences lie in the surface area and diffusivity terms. In addition, a 
hydrodynamic term is present in the convective diffusion theory. 
Although a might be considered a model-dependent parameter not 
unlike h, one could design an experimental apparatus in which 01 


would be known a priori. This would not be possible for h. 
Convective diffusion enables one to describe drug dissolution 


phenomena on a more realistic basis than prevailing theories. Ex- 
perimental work is being continued with an apparatus that pro- 
motes ideal flow conditions to test the model further. 


NOTATIONS 
A = area of dissolving surface 
b = width of tablet; perpendicular to flow 
c = concentration of solute 


co = solubility of solute 
D = diffusivity of solute 
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h = effective diffusion layer thickness 
L = length of tablet; parallel to flow 
r = radius of tablet surface 


R = rate of dissolution 
t = time 
LJ = volume of solution 
V = vector describing liquid flow 
V, = x component of liquid velocity 


x,y,z = Cartesian coordinates 
a = rate of shear in boundary layer 
r = gamma function 
p = dimensionless variable 
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Substituted Thiazolidones: Selective Inhibition of 
Nicotinamide Adenine Dinucleotide-Dependent 
Oxidations and Evaluation of Their CNS Activity 


SUNIL K. CHAUDHARI *, MAHIMA VERMA *, ARVIND K. CHATURVEDI *, and 
SURENDRA S. PARMAR *SX 


Abstract 0 Eight 2-arylimino-3-( 3-N-morpho1inopropyl)thiazo- 
lid-4-ones were synthesized from the corresponding 1-aryl-3-(3- 
N-morpholinopropyl)thiocarbamides, characterized, and tested 
for their effects on the cellular respiratory activity of rat brain ho- 
mogenates. All substituted 4-thiazolidones selectively inhibited 
nicotinamide adenine dinucleotide (NADbdependent oxidations 
of pyruvate, citrate, DL-isocitrate, a-ketoglutarate, malate, (3-hy- 
droxybutyrate, L-glutamate, and NADH, while the NAD-indepen- 
dent oxidation of succinate remained unaltered. All thiazolidones 
possessed some degree of anticonvulsant activity against pentyl- 
enetetrazol-induced convulsions, and the protection afforded by 
these compounds at a dose of 100 mg/kg ranged from 30 to 80%. 
The low toxicity possessed by most of these thiazolidones was re- 
flected by their approximate LD50 values from 300 mg/kg to great- 
er than lo00 mgkg. In the present study, the anticonvulsant activ- 
ity possessed by these substituted 4-thiazolidones was unrelated to 
their ability to inhibit selectively the NAD-dependent oxidations 
by rat brain homogenates. These thiazolidones exhibited depres- 
sion of the CNS activity which, in some cases, was associated with 
the increase in respiration. All thiazolidones potentiated pentobar- 
bital (sodium) sleeping time in mice when administered in a dose 
of 100 mgkg. 


Keyphrases 0 Thiazolidones, 2-arylimino-3-(3-N- morpholinopro- 
py1)-synthesis, inhibition of NAD-dependent oxidations and re- 
lationship to anticonvulsant activity structure-activity relation- 
ships-thiazolidones, anticonvulsant activity, inhibition of NAD- 
dependent oxidations, rats 0 Anticonvulsant activity, thiazoli- 
dones-relationship to inhibition of NAD-dependent oxidations 


Thiazolidones have been shown to  possess diverse 
biological properties including hypnotic (l), local an- 
esthetic (2), and anticonvulsant (3, 4) activities. Re- 


cent studies indicated the anticonvulsant activity of 
piperazinothiocarbamides (5 ,  6) and their ability to  
inhibit nicotinamide adenine dinucleotide (NAD)- 
dependent oxidations. Furthermore, compounds pos- 
sessing a morpholino group attached to the heterocy- 
clic nuclei have been shown to confer greater activity 
and less toxicity (7). These observations led to the 
synthesis of some 2-arylimino-3-(3-N-morpholin- 
opropyl) thiazolid-4-ones and correlation of certain 
pharmacological properties with their ability to in- 
hibit NAD-dependent oxidations. 


EXPERIMENTAL1 


The various 1,3-disubstituted thiocarbamides were prepared by 
refluxing an equimolar quantity of 3-N-morpholinopropylamine 
and different arylisothiocyanates in dry benzene. These substitut- 
ed thiocarbamides, when refluxed with chloroacetic acid and anhy- 
drous sodium acetate in absolute ethanol, formed the desired sub- 
stituted thiazolidones (8). 


1 - Aryl - 3 - (3 - N - morpholinopropyl)thiocarbamide-3 - N - 
Morpholinopropylamine (0.01 mole) was mixed with suitable aryl 
isothiocyanate (0.01 mole) in 15 ml of dry benzene, and the mix- 
ture was refluxed on a steam bath for 2 hr. The reaction mixture 
was concentrated by removing benzene by distillation under re- 
duced pressure. The solid that separated on cooling was filtered, 
washed with ether and dilute hydrochloric acid, dried, and recrys- 
tallized from ethanol. All thiocarbamides were characterized by 
their sharp melting points and elemental analyses (Table I). 


All compounds were analyzed for their carbon, hydrogen, and nitrogen 
contents. Melting points were taken in open capillary tubes with a partial 
immersion thermometer and are corrected. 
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human blood sample containing 500-1000 ppb of triclocarban. 
These blood samples were prepared by adding known amounts of 
triclocarban solution in absolute methanol (1.0 pg/pl). Four repli- 
cate samples for 500 ppb were spotted on one TLC plate and five 
replicate samples for 1000 ppb were spotted on another. The aver- 
age relative standard deviation was 5.2%. 


Samples for the radiotracer comparison were prepared by inocu- 
lating rabbit blood with a 0.1% methanol solution of 14C-triclo- 
carban. Ten samples ranged from 0 to 5000 ppb. Aliquots of each 
sample were analyzed for triclocarban using the present method 
(TLC-UV) and a radioisotope technique with both whole blood 
and their ether extracts. For isotope analysis, 100 pl of each blood 
sample was placed directly in 15 ml of 2,5-bis-2-(5,5-butylbenzoxa- 
zoly1)thiophene cocktail solution and counted in a liquid scintilla- 
tion counter12. Ether extracts were evaporated to dryness, taken 
up in 1.0 ml of methanol, and counted in the same manner. The 
parts per billion values recovered for the unknown samples with 
three methods are compared in Table I. An analysis of variance 
(ANOVA test) showed no significant differences in recoveries 
among the three methods. 


This method shows an average 90% recovery from blood with a 
good correlation with the amounts of triclocarban inoculated in 


12 Tricarb. Hewlett Packard. 


blood. Results of in vivo studies with this method with animals fol- 
lowing oral intubation and topical application of triclocarban will 
be published subsequently. 
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Clindamycin Phosphate: Neuromuscular and 
Blood Pressure Effects in Cats 


R. J. SAMUELSON *, A. H. GIESECKE, Jr., and F. T. KALLUS 


Abstract Three doses (10, 20, and 40 mg/kg) of clindamycin 
phosphate were tested in each of three feline neuromuscular prep- 
arations in a Latin-square sequence, and the muscular responses 
and blood pressures were compared. No statistically significant 
dose-related neuromuscular or blood pressure effects were ob- 
served. 


Keyphrases 0 Clindamycin phosphate-neuromuscular and 
blood pressure effects, cats Neuromuscular and blood pressure 
effects-clindamycin phosphate, cats 0 Blood pressure and neuro- 
muscular effects-clindamycin phosphate, cats 


Clindamycin phosphate, a semisynthetic antibiotic 
produced by chlorination of lincomycin, is very simi- 
lar in structure and antibacterial activity to its par- 
ent compound. 


Neuromuscular depressive effects of lincomycin 
were demonstrated in experimental animals using 
doses comparable to those used clinically (1, 2). Lin- 
comycin has been noted to interact with tubocurarine 
in a potentially clinically significant fashion to aug- 
ment neuromuscular depression (3,4). 


Rapid administration of lincomycin has been asso- 
ciated with syncope, hypotension, and cardiac arrest 
(2,5,6).  


Because of similarities between these drugs, this 
pilot experiment, employing the feline neuromuscu- 
lar preparation, was undertaken to study the poten- 


Table I-Neuromuscular Effects 


Depression of Time-Tension 
Dose, mg/kg Integral Response, % 


10 24 f 15 
20 15 31 10 
40 40 =!= 30 


tial neuromuscular and blood pressure effects of clin- 
damycin phosphate to determine if further studies 
were indicated. 


EXPERIMENTAL 


Three mongrel cats were anesthetized with halothane, nitrous 
oxide, and oxygen. A sciatic nerve-gastrocnemius muscle prepara- 
tion was established as previously described (4, 7). Blood pressure 
was monitored via an arterial cannula and recorded electronically. 
Each animal received three doses (10,20, and 40 mgkg iv) of clin- 
damycin phosphate according to a Latin-square design. Contrac- 
tions were allowed to return to the control level prior to each ad- 
ministration. The data were examined by analysis of variance and 
the Student t test. The effect of calcium chloride (50 pgkg) on re- 
covery also was evaluated. 


RESULTS 


Neuromuscular depression in the cat was produced by all doses 
of clindamycin phosphate administered. The mean percent de- 
pression of the time-tension integral response with 1 SD for each 
dose is shown in Table I. Wide variation between the effects of the 
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Table 11-Blood Pressure Effects 


Depression of Peak Systolic, 
Dose, mg/kg % 


10 15 f 13 
20 20 f 31 
40 29 f 34 


doses occurred; although a dose-response relationship is suggest- 
ed, an analysis of variance revealed no significant differences in re- 
sponses among the amount of drug given, the order of dose admin- 
istration, and the responses of the individual animals to a given 
dose. 


The suggestion of neuromuscular depressive activity prompts 
one to evaluate statistically muscle depression with control muscle 
contraction by comparison with the Student t test for significance 
of depression of all doses given (0.2 < p < 0.3). However, with the 
small number of animals used in this pilot study ( n  = 3) and the 
variability encountered, it is perhaps not surprising that statistical 
significance was not achieved. Attempts a t  reversal of these neuro- 
muscular effects with calcium chloride administered after the 
nadir failed to alter the pattern of recovery (lincomycin block had 
been previously shown not to be reversed by calcium) (2). 


Depression of peak systolic blood pressure was noted with all 
but one of the doses given. Mean responses with 1 SD (Table 11) 
suggest that this blood pressure effect is dose related; however, an 
analysis of variance revealed the same lack of significant differ- 
ences among responses to doses, dose order, and animal studied. 


DISCUSSION 


The manufacturer recommends that clindamycin phosphate be 
diluted (6 mg/ml) and administered slowly (not to exceed 1200 mg 
in any 1-hr period). The dose range is approximately 5-20 mg/kg 
(8). In this experiment, doses were in this range and also double 
the maximum recommended dose. Initial clinical studies with clin- 
damycin used intravenously noted no acute neuromuscular depres- 
sive or cardiovascular effects (9-11). However, a summary of side 


effects in more than lo00 patients includes instances of hyperten- 
sion, hypotension, and cardiac arrest, and the manufacturer warns 
of possible neuromuscular blocking properties (8). Nevertheless, 
even with the lack of dilution and the rapid use of up to twice the 
usual dose, this study revealed a lack of statistically significant 
dose-related neuromuscular depressive or blood pressure effects in 
the cat. 
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Unexpected Sulfuration Reaction of 
1 -Substituted Azulenes 
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Abstract 0 Azulenes reacted unexpectedly and readily with thion- 
yl chloride to give sulfonic acid chlorides and bisthioethers. The 
sulfonic acids but not the thioethers have antibacterial activity. 


Keyphrases 0 Azulenes, 1-substituted-reaction with thionyl 
chloride, antibacterial activity of resulting sulfonic acid derivatives 
and thioethers 0 Antibacterial activity-sulfonic acid derivatives 
and thioether reaction products of 1-substituted azulenes with 
thionyl chloride 0 Sulfuration reactions-1-substituted azulenes 
with thionyl chloride, antibacterial activity of resulting sulfonic 
acid derivatives and thioethers 


While preparing some derivatives of azulene uia 
Friedel-Crafts acylation (1, 2) using acid chlorides 
prepared in situ with thionyl chloride, the unexpect- 
edly facile reaction of 1-carboxyethylazulene and 


thionyl chloride was noted. Under the reaction condi- 
tions, the primary product was apparently the 3-sul- 
finic acid chloride, which rapidly disproportionated 
giving rise to the corresponding bisthioether and sul- 
fonic acid chloride. 


The corresponding sulfonic acid is relatively unsta- 
ble and could not be completely characterized, but its 
identity was inferred by formation of the more stable 
amide derivative upon treatment of the anhydrous 
system with gaseous ammonia. In seeking to confirm 
the course of the reaction utilizing the more reactive 
unsubstituted parent compound, azulene, bis(3-chlo- 
roazuly1)thioether was separated with difficulty from 
polymerization products. 


The sulfonic acid and sulfonamide show selective 
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Table 111-Comparison of Calculated a n d  Experimental  
Values of Z 


Experimental  Calculated 


0 .822  
1 .  i 1 7  
1 .391  
1 .607  
1.808 
2.025 
2.055 
2.132 


0.826 
1.213 ~ ~. ~ 


1.426 
1 .684  
1.872 
1.988 
2.069 
2.184 


obtained along with those reported in the literature are given in 
Table 11. 


It can be seen that there is wide discrepancy in the reported sta- 
bility constant for SnF+. The reported value (4) was determined 
by regression analysis. In a review article, Bond (12) cautioned 
against applying statistical analysis of complexation data without 
appropriate weighing of the data relative to the known chemistry 
of the system. Using Leden's method, Bond calculated the fol- 
lowing stability constants from the data of Hall and Slater (4): 
= 3 X lo4, p2 = 1.5 X lo8, and 03 = 2 X 10'". Thus, the new is in 
closer agreement with the value reported by Bond and Taylor (5), 
but they expressed uncertainty in their reported value because of 
curvature in their Leden plot. 


The agreement in reported values of 63 is satisfactory consid- 
ering the differences in experimental methods, computational 
analyses, and ionic strengths. The 02 values reported range over 
two orders of magnitude, with the one determined in this work oc- 
cupying an intermediate position. If the values are transformed to 
association constants for the sequential reaction shown in Scheme 
111, then the respective constants for the current work would be 4 
X LO?, 2.75 X lo3, and 9.09 X 10'. 


SnF;!;'' + F- S SnF,"-" i = L2.B 


Scheme 111 


The respective constants of Bond and Taylor (5) would be 1.2 X 
lo4, 4 X lo2, and 6.02 X lo2. I t  can be seen that the latter values 


Dehydration of Tetracycline 


K. D. SCHLECHT *x and C .  W. FRANK * 


Abstract 0 The dehydration of tetracycline a t  the C-5a-C-6 posi- 
tion as a function of acidity was investigated at various tempera- 
tures. The rate was first order with respect to tetracycline and with 
respect t o  [H+]. Rate constants and an activation energy are re- 
ported. Tetracycline was unstable in dilute acid. 


Keyphrases 0 Tetracycline-dehydration kinetics, effect of acid- 
ity at various temperatures 0 Dehydration kinetics-tetracycline, 
effects of acidity a t  various temperatures 0 Stability-tetracy- 
cline, dehydration, effects of acidity a t  various temperatures 


Tetracyclines have been subjected to numerous 
reactions to aid in elucidating their structures; one 
reaction involves dehydration at the C-5a-C-6 
position in the presence of warm mineral acids (1- 
4). When tetracycline [4-(dimethylamino)-l,4,4a,- 


are not sequentially in order, which is physically unrealistic. 
T o  assess whether stability constants are satisfactory, i t  has 


been suggested that a point-by-point comparison be made between 
experimental and calculated values (12). Such a comparison is 
shown in Table 111. The stability constants reported in this work 
are quite satisfactory by this criterion and give a much better fit 
than if other reported sets of f l  are used. 
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5,5a, 6,11,12a-octahydro-3,6,10,12,12a-pentahydroxy- 
6-methyl-l,ll-dioxo-2-naphthacenecarboxamide] (I) 
is dehydrated, anhydrotetracycline [4-(dimethyla- 
mino) - 1,4,4a, 5,12,12a-hexahydro-3,10,11,12a-tetra- 
hydroxy -6 -methyl- 1,12-dioxo-2-naphthacenecarbox- 
amide] (11) is formed; I1 has aromatic character in 
both the C- and D-rings. 


The benzylic C-6 position of I has a tertiary hy- 
droxyl, which is trans to the adjacent C-5aH, thereby 
making the hydroxyl very acid labile and anhydro 
formation an easy process. Recently, the ease of 
anhydro formation has been used in the analysis of 
tetracyclines. Generally, I and its main degradation 
products [11, 4-epitetracycline (111), and 4-epianhy- 
drotetracycline (IV)] can be separated by TLC, treat- 
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OH 


I 


CONH, 


OH OH 


CONH, 


OH OH 
I11 


CONH, 


IV 


ed with hydrochloric acid to ensure that each constit- 
uent exists as the corresponding anhydro compound, 
and determined spectrophotometrically (5-8). 


Reports of the time and conditions required for 
quantitative conversion to the anhydro compound 
seem to vary: 2 N HC1 and heating at  100’ for 5 min 
(3, 5 N HCl (time and temperature were not men- 
tioned) (a), and 2 N HC1 and heating “over hot 
water” for 5 min (6). 


In 1968, Clive (9) compiled some very approximate 
half-lives (determined by changes in bioactivity) of 
various tetracyclines degrading to the anhydro 
species a t  various temperatures and acid strengths. 
Aside from the original reports of anhydro formation, 
little has been reported characterizing the reaction. 
Further characterization of anhydro formation would 
be useful for quantitative conversion and pharmaceu- 
tical studies since IV is generally believed to be re- 
sponsible for a “reversible Fanconi-type syndrome,” 
which has been observed in patients who have taken 
degraded tetracyclines, resulting in lengthy syn- 
drome treatment (sometimes in excess of 1 year) (6, 
10). 


EXPERIMENTAL 


I-HCI was obtained from a commercial source. Compound I1 was 
prepared by a method similar to that reported by McCormick et 
al. (11); 4.0 g of I-HCI was dissolved in 2-propanol-methanol-hy- 
drochloric acid (41:2), heated to 70’ for a t  least 0.5 hr, cooled, and 


Table I-Observed R a t e  Constants for I1 Formation a t  
Various [H +]  Values and Temperatures and 
1.00 M Ionic Strengthu 


Temperature [H + I  
30 O 0.250 


0.375 
0.500 
0.625 
0.750 
0.825 
1.00 


35 O 0.125 
0.250 
0.375 
0.500 
0.625 
0.750 
0.875 
1.00 


40 O 


45 O 


50 O 


0.125 
0.375 
0.500 
0.875 
1.00 
0.125 
0.250 
0.375 
0.500 
0.625 
0.750 
0.875 
1.00 
0.125 
0.375 
0.500 
0.625 
0.750 
0.875 
1.00 


~ 


l o4  h,,~,,, sec - 1  


0.212 
0.322 
0.452 
0.565 
0.675 
0.790 
0.903 
0.214 
0.430 
0.622 
0.862 
1.07 
1.30 
1.52 
1.72 
0.418 
1.20 
1.61 
2.76 
3.14 
0.862 
1.60 
2.40 
3.21 
4.11 
4.77 
5.69 
6.84 
1.57 
4.65 
6.38 
7.61 
9.43 


10 .8  
12.0 


Monitored at 432 nm, 1110 = 1 X 10-4 M .  


filtered. Recrystallization from methanol-hydrochloric acid (30:l) 
yielded yellow needle-like crystals, which were dried under vacu- 
um for 2 days, yielding 1.91 g of crystals, mp 219-222’ dec. The 
product was found to be pure by TLC. The TLC method of analy- 
sis used acid-washed Kieselguhr MN slurried with 5% edetic acid 
(EDTA) at  pH 7.5, as reported by Fernandez et al. (6). 


Spectra and absorbances of kinetic reactions were obtained on a 


4 


3 


1 


200 300 400 500 
A. nm 


Figure I-UV-visible spectra of tetracycline (- - -) and an- 
hydrotetracycline (-) (both in 0.03 N HC1). 
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Table 11-k Values for I1 at Various Temperatures 


Temperature 104 k,  M-1 sec -1, f SD (Estimated) 


30 0 . 9 2 4  =t 0.008 
35 O 1 . 7 4  f 0.014 
37 2 . 2 8  (calculated value) 
40' 3 . 1 2  f 0.02 
45 O 6 . 4 3  f 0.09 
50 O 1 2 . 0  k 0 . 2 5  


spectrophotometer' equipped with a thermostated cell holder and 
using matched silica cells (10.0 mm). Aliquots of 1.25 M HCl were 
used to  acidify the tetracycline solutions, and 1.00 M ionic 
strength was maintained using aliquots of 1.25 M KCl. 


RESULTS 


The UV-visible spectra of I and I1 in 0.03 N HCl are shown in 
Fig. 1. I t  is apparent that the kinetics of anhydro formation may be 
followed at  either 360 or 432 nm. The agreement of the observed 
rate constants, k obs, obtained a t  both wavelengths was well within 
experimental error. Apparent first-order kinetics fit the data with 
respect to I over more than 80% of the reaction: 


rate = kobs [I] (Eq. 1) 


for a specific IH+]. 
When the initial concentration of I was increased by a factor of 


10, the fit was still excellent and agreed, within experimental error, 
with the data a t  the lower concentration. The k values obtained 
from 30 to 50' at various [H+] values are given in Table I. The k o h  
of Eq. 1 contains a dependence on [H+]. A plot of k versus [H+] 
yielded a straight line and zero intercept a t  each temperature stud- 
ied. This finding is consistent with the following overall rate law: 


rate = k [I] [H'] (Eq. 2) 


Table I1 lists the overall rate constants, k,  obtained between 30 
and 50', as well as the estimated rate constant a t  37'. 


An Arrhenius plot of the data yielded an activation energy, Ea, 
for anhydro formation of 25.1 kcal/mole (SD 0.6). 


DISCUSSION 


The reported data a t  constant ionic strength suggest that the 
reaction is fairly simple: attack of H+ on the tetracycline species in 
solution. Under the conditions reported here, the tetracycline is 
protonated a t  the C-4 nitrogen. The dehydrated reaction mixtures 


' Coleman 124. 


were analyzed for evidence of epimerization a t  the C-4 position, 
which is a significant degradation reaction in less acidic solutions 
(12). TLC was used, and no epimerization products were detected. 


The data also suggest that I is not as stable in slightly acidic so- 
lutions as might be desired. Calculations with the results reported 
here indicate that 10% of a I solution in 0.1 M HCl (1 M ionic 
strength) would degrade to I1 in a little more than 3 hr. 


Extrapolation of the results to  stronger hydrochloric acid con- 
centrations indicates that conversion to I1 is not as rapid as was 
previously assumed for quantitative determinations of I (7 ,s .  10). 
The use of both 2 N HCl at elevated temperature and 5 N HCl 
near room temperature has been reported. The data presented 
here suggest that heating is required to attain quantitative conver- 
sions to I1 even in strong acid solutions. 
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High-pressure Liquid Chromatographic Determination of 
Chlorpropamide in Tablet Formulations 


D. MOLINS, C. K. WONG, D. M. COHEN, and 
K. P. MUNNELLY 


Abstract 0 A method was developed for the quantitative determi- 
nation of chlorpropamide in tablet formulations by high-pressure 
liquid chromatography after homogenization of the sample with 
methanol. 


Keyphrases Chlorpropamide tablets-high-pressure liquid 
chromatographic analysis after homogenization with methanol 
0 High-pressure liquid chromatography-analysis, chlorpropam- 
ide tablets 


Chlorpropamide is an oral hypoglycemic agent of 
the sulfonylurea class. It is indicated in uncomplicat- 
ed diabetes mellitus of the stable, mild, or moderate- 
ly severe, nonketotic, maturity-onset type that can- 
not be completely controlled by diet alone. Various 
methods for the determination of chlorpropamide 
have been reported, including GLC (l), TLC (2, 3), 
titrimetry (4, 5) ,  and spectrophotometry (5-9). How- 
ever, these methods do not have the rapidity, sim- 
plicity, and sensitivity found in high-pressure liquid 
chromatographic (HPLC) methodology. 


Recently, a quantitative HPLC method for sulfon- 
ylureas involving reverse-phase chromatography was 
published (10). A simple, direct, and extremely rapid 
HPLC procedure for the quantitation of chlorpro- 
pamide in tablet formulations after homogenization 
of the sample with methanol is the subject of this re- 
port. 


EXPERIMENTAL 


Equipment-A liquid chromatograph1, operated at ambient 
temperature and equipped with a UV detector for monitoring the 
column effluent a t  254 nm, was used. The column was 1-m X 2.1- 
mm (i.d.) stainless steel tubing, dry packed with silica gel2 (140-200 
mesh) obtained by fractionation through U.S. standard sieves3. A 
variable-speed homogenizer4 equipped with a 250-ml cup was also 
used. 


Reagents-USP chlorpropamide reference standard was dried 
at 60° for 2 hr before use. Bis(dodecy1) phthalate5, practical grade, 
was the internal standard. Analytical reagent grade methanol6 was 
the mobile phase. 


Preparation of Standard Solution-Dissolve approximately 
300 mg of bis(dodecy1) phthalate in 300 ml of methanol. Accurate- 
ly weigh approximately 200 mg of chlorpropamide standard, trans- 
fer quantitatively to a 100-ml volumetric flask, and dissolve in and 
dilute to volume with methanol. Pipet 5 ml of the bis(dodecy1) 
phthalate solution and 5 ml of the chlorpropamide standard solu- 
tion into a 50-ml volumetric flask and dilute to volume with meth- 
anol. 


Preparation of Sample Solution-Determine the average tab- 
let weight of 20 tablets. Pulverize the tablets, weigh an amount 


DuPont 820. 


Newark Wire Cloth Co., Newark, N.J. 
Sorvall Omni-Mixer. 
Eastman Kodak. 
Mallinckrodt. 


* Silica gel 60 (0.063-0.200 mm), Brinkmann Instruments, Westbury, N.Y. 


~~ ~~~ 


0 2 4 6 8 
RETENTION TIME, min 


Figure 1-Representative chromalogram. Key:  a, bis(dodecy1) 
phthalate; and b, chlorpropamide. 


equivalent to 250 mg of chlorpropamide, and transfer the powder 
to a 250-ml homogenizer cup. Pipet 100 ml of methanol into the 
cup and homogenize for 3 min at  maximum speed in an ice bath to 
dissolve the chlorpropamide completely. Centrifuge the suspen- 
sion, pipet 5 ml of the supernate and 5 ml of the bis(dodecy1) 
phthalate solution into a 50-ml volumetric flask, and dilute to vol- 
ume with methanol. 


Chromatography-Condition the column for 24 hr with the 
mobile phase at  a flow rate of 0.5 ml/min. This procedure is neces- 
sary for newly packed columns; conditioning is not required for 
previously used columns. Inject 3 pl of the standard solution and 
adjust either the pressure or flow rate so that the chlorpropamide 


Table I-Percent Recoverya of Chlorpropamide from 
Spiked Placebos 


Weight 
D a y  Number Injection 1 Injection 2 


1 1 101.3 102.1 
2 101.1 98.9 
3 98.4 99.6 
4 98.7 101.3 


2 1 
2 
3 


100.8 
100.0 
100.4 


98.7 
100.8 
98.4 


4 99.2 99.2 
3 1 98.7 


2 101.4 
3 100.4 
4 100.4 


4 1 99.6 
2 96.6 
3 100.4 
4 99.2 


100.4 
102.7 
98.4 
99.2 
101.3 
100.4 
98.8 
100.0 


~~ ~~~~ 


a Overall average recovery = 99.9%. 
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MILLIGRAMS CHLORPROPAMIDE PER MILLILITER 


Figure 2-Relationship of varying amounts of chlorprop- 
amide to a constant bis (dodecyl) phthalate concentration. 


exhibits a retention time of approximately 5 min. Repeat if neces- 
sary. 


Inject 3 pl of the standard solution followed by two 3-pl injec- 
tions of the sample solution and one 3-pl injection of the standard 
solution, allowing sufficient time between injections for develop- 
ment of the chromatograms. The peak heights obtained are used 
for the calculations. 


Calculations-Calculate the quantity of the chlorpropamide in 
milligrams per tablet according to the following formula: 


mg/tablet = 


R,,, X standard weight (mg) X average weight (mg) 
R,,, x sample weight (mg) (Eq. 1) 


where Rspl is the average ratio of the chlorpropamide peak height 
to the bis(dodecy1) phthalate peak height in the sample solution 
injection, and Rsd is the average ratio of the chlorpropamide peak 
height to the bis(dodecy1) phthalate peak height in the standard 
solution before and after the sample injections. 


RESULTS AND DISCUSSION 


A typical chromatogram of chlorpropamide and bis(dodecy1) 
phthalate is shown in Fig. 1. Figure 2 shows the linear relationship 
of varying amounts of chlorpropamide to a constant amount of bis- 
(dodecyl) phthalate. 


The accuracy and precision of the method were tested by the 
following experiment. Four weights of a placebo blend in which 
known quantities of chlorpropamide had been added were assayed 
per day for 4 consecutive days. The average percent recovery 
(Table I) was 99.9 with 95% confidence limits of 99.4-100.4. The 
estimates of precision (Table 11) were obtained using the analysis 
of variance statistical technique. Ninety-five percent of individual 
results will not vary from each other ( i e . ,  from the mean) by more 
than f2.7%. The standard error for the average of two injections 
per sample was f0.9%. 


The proposed HPLC method was compared to a UV spectro- 
scopic assay (6) and to a modification of a TLC method (2); the 
latter utilizes silica gel GF plates and chloroform-acetone-buta- 
nol-water (90:955:2.5) as the developing solvent. The results ob- 
tained (Table III) by the proposed method were in good agree- 
ment with the UV and TLC assays. All samples were within the re- 


Table 11-Estimates of Precision for Determination of 
Chlorpropamide in  Tablet  Formulations 


Number of Number of 
Weights Injections Estimates of 


Day per D a y  per Weight Precisiona, % 


1 1 1 z t2 .7  
1 1 2 f 1 . 9  
1 2 2 f 1 . 4  - 
1 
1 


~ 


3 
4 


2 
2 


+i.i 
f l . O  


Injection t o  injection within a weight + Z .  7 
on a day 


(1 Ninety-five percent of the individual results or averages of 2, 3, 6, or 12 
results will not vary from each other by more than the percentages quoted. 
These estimates include variability due to days, weights, and injections. 
The estimate of precision for injection to injection within a weight on a day 
excludes Variability due to days and weights. 


Table 111-Comparison of HPLC,  U V ,  and T L C  
Methods for Determination of Chlorpropamide in Tablet  
Formulations0 


Sample HPLC w T L C  


245 
255 
256 


264 
259 
259 


256 
251 
249 


249 255 246 
250 249 263 
249 257 257 ~ ~. 


252 
258 


~~ 


259 
256 


249 
244 


Average 252 257 252 


(1 All results are reported as milligrams per tablet based on a composite 
sample of five tablets. 


quirements of USP XVIII for. chlorpropamide tablets by the 
HPLC method. 


Concerning the behavior of the silica gel column, the retention 
times increased with use time and the column lost its efficiency 
after 2-3 weeks of continuous use. However, excellent reproduc- 
ibility was obtained from column to column. A possible explana- 
tion,of this behavior is that separation is accomplished by both ad- 
sorption and partition chromatography and is, therefore, depen- 
dent on the moisture content or activity of the silica gel. 
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h = effective diffusion layer thickness 
L = length of tablet; parallel to flow 
r = radius of tablet surface 


R = rate of dissolution 
t = time 
LJ = volume of solution 
V = vector describing liquid flow 
V, = x component of liquid velocity 


x,y,z = Cartesian coordinates 
a = rate of shear in boundary layer 
r = gamma function 
p = dimensionless variable 
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Substituted Thiazolidones: Selective Inhibition of 
Nicotinamide Adenine Dinucleotide-Dependent 
Oxidations and Evaluation of Their CNS Activity 


SUNIL K. CHAUDHARI *, MAHIMA VERMA *, ARVIND K. CHATURVEDI *, and 
SURENDRA S. PARMAR *SX 


Abstract 0 Eight 2-arylimino-3-( 3-N-morpho1inopropyl)thiazo- 
lid-4-ones were synthesized from the corresponding 1-aryl-3-(3- 
N-morpholinopropyl)thiocarbamides, characterized, and tested 
for their effects on the cellular respiratory activity of rat brain ho- 
mogenates. All substituted 4-thiazolidones selectively inhibited 
nicotinamide adenine dinucleotide (NADbdependent oxidations 
of pyruvate, citrate, DL-isocitrate, a-ketoglutarate, malate, (3-hy- 
droxybutyrate, L-glutamate, and NADH, while the NAD-indepen- 
dent oxidation of succinate remained unaltered. All thiazolidones 
possessed some degree of anticonvulsant activity against pentyl- 
enetetrazol-induced convulsions, and the protection afforded by 
these compounds at a dose of 100 mg/kg ranged from 30 to 80%. 
The low toxicity possessed by most of these thiazolidones was re- 
flected by their approximate LD50 values from 300 mg/kg to great- 
er than lo00 mgkg. In the present study, the anticonvulsant activ- 
ity possessed by these substituted 4-thiazolidones was unrelated to 
their ability to inhibit selectively the NAD-dependent oxidations 
by rat brain homogenates. These thiazolidones exhibited depres- 
sion of the CNS activity which, in some cases, was associated with 
the increase in respiration. All thiazolidones potentiated pentobar- 
bital (sodium) sleeping time in mice when administered in a dose 
of 100 mgkg. 


Keyphrases 0 Thiazolidones, 2-arylimino-3-(3-N- morpholinopro- 
py1)-synthesis, inhibition of NAD-dependent oxidations and re- 
lationship to anticonvulsant activity structure-activity relation- 
ships-thiazolidones, anticonvulsant activity, inhibition of NAD- 
dependent oxidations, rats 0 Anticonvulsant activity, thiazoli- 
dones-relationship to inhibition of NAD-dependent oxidations 


Thiazolidones have been shown to  possess diverse 
biological properties including hypnotic (l), local an- 
esthetic (2), and anticonvulsant (3, 4) activities. Re- 


cent studies indicated the anticonvulsant activity of 
piperazinothiocarbamides (5 ,  6) and their ability to  
inhibit nicotinamide adenine dinucleotide (NAD)- 
dependent oxidations. Furthermore, compounds pos- 
sessing a morpholino group attached to the heterocy- 
clic nuclei have been shown to confer greater activity 
and less toxicity (7). These observations led to the 
synthesis of some 2-arylimino-3-(3-N-morpholin- 
opropyl) thiazolid-4-ones and correlation of certain 
pharmacological properties with their ability to in- 
hibit NAD-dependent oxidations. 


EXPERIMENTAL1 


The various 1,3-disubstituted thiocarbamides were prepared by 
refluxing an equimolar quantity of 3-N-morpholinopropylamine 
and different arylisothiocyanates in dry benzene. These substitut- 
ed thiocarbamides, when refluxed with chloroacetic acid and anhy- 
drous sodium acetate in absolute ethanol, formed the desired sub- 
stituted thiazolidones (8). 


1 - Aryl - 3 - (3 - N - morpholinopropyl)thiocarbamide-3 - N - 
Morpholinopropylamine (0.01 mole) was mixed with suitable aryl 
isothiocyanate (0.01 mole) in 15 ml of dry benzene, and the mix- 
ture was refluxed on a steam bath for 2 hr. The reaction mixture 
was concentrated by removing benzene by distillation under re- 
duced pressure. The solid that separated on cooling was filtered, 
washed with ether and dilute hydrochloric acid, dried, and recrys- 
tallized from ethanol. All thiocarbamides were characterized by 
their sharp melting points and elemental analyses (Table I). 


All compounds were analyzed for their carbon, hydrogen, and nitrogen 
contents. Melting points were taken in open capillary tubes with a partial 
immersion thermometer and are corrected. 
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Table I-Physical Constants of Substituted Thiocarbamides 
I \  


Ar -NHCSNHCHICHdCH,-N 0 u 


Analysis, % Com- 
pound Al- Melting PointY Yield, % Molecular Formula Calc. Found 


I 


I1 


I11 


I V  


V 


VI 


VII  


V I I I  


128" 


188 O 


112O 


105" 


105-107" 


111" 


135" 


115" 


80 


72 


87 


83 


89 


82 


75 


69 


C 60.21 60.40 
H 7.52 7.35 
N 15.05 15.22 
C 61.43 
H 7.84 
N. 14.33 
C 61.43 
H 7.84 
N 14.33 
C 62.54 
H 8.14 
N 13.67 
C 62.54 
H 8.14 
N 13.67 


61.60 
7.49 


14.50 
61.75 


14.20 
62.75 
8.34 


13.59 
62.41 
8.37 


13.40 


7.98 


C 58.25 58.25 
H 7.44 7.52 
N 13.59 13.69 c 53.58 53.46 
H 6.37 6.50 
N 13.39 13.68 
C 65.65 65.79 
H 6.99 7.12 
N 12.76 12.86 


Melting points were taken in open capillary tubes with a partial immersion thermometer and are corrected. 


2 - Arylimino - 3 - (3 - N - morpholinopropy1)thiazolid -4 -ones- 
A mixture of l-aryl-3-(3-N-morpholinopropy1)thiocarbamide 
(0.01 mole), chloroacetic acid (0.01 mole), and anhydrous sodium 
acetate (0.015 mole) in 25 ml of absolute ethanol was refluxed on a 
steam bath for 4 hr. The mixture was cooled and poured into 
crushed ice, and the resulting solution was treated with 15% (w/v) 
solution of sodium carbonate until the solution was alkaline. The 
crude product that separated was filtered, washed several times 
with water, dried, and recrystallized from ethanol (Table 11). 


Assay of Respiratory Activity of Rat Brain Homogenatez- 
Male albino rats, 100-150 g, kept on an ad libitum diet, were used 
in all experiments. Rat brains isolated from decapitated animals 
were immediately homogenized in ice-cold 0.25 M sucrose in a Pot- 
ter-Elvehjem homogenizer in a ratio of 1:9 (w/v). All incubations 
were carried out at 37O, and the oxygen uptake was measured by 
the conventional Warburg manometric technique using air as the 
gas phase (5). Fresh brain homogenate, equivalent to 100 mg wet 
brain weight, was added to the chilled Warburg vessels containing 
6.7 mM magnesium sulfate, 20 mM sodium hydrogen phosphate 
buffer solution (pH 7.4), 1 mM adenosine monophosphate (sodium 
salt), 33 mM potassium chloride, and 500 pg of cytochrome c in a 
total volume of 3 ml unless otherwise stated. 


The central well contained 0.2 ml of 20% KOH solution. Pyr- 
uvate, citrate, DL-isocitrate, a-ketoglutarate, malate, 8-hydroxy- 
butyrate, L-glutamate, NADH, and succinate were used at  a final 
concentration of 10 mM, while the concentration of NADH was 0.5 
mM. All thiazolidones were dissolved in propylene glycol (100%) 
and used at a final concentration of 2 mM. An equal volume of 
propylene glycol was added to the control vessels. 


Determination of Anticonvulsant Activity-Anticonvulsant 
activity was determined against pentylenetetrazol-induced convul- 
sions in mice of either sex weighing 25-30 g. The mice were divided 
into groups of 10, keeping the group weights as near the same as 
possible. All thiazolidones were suspended in 5% aqueous gum aca- 
cia to give a concentration of 0.25% (w/v). The test compounds 
were administered to a group of 10 mice in a dose of 25-100 mg/kg 
ip. Four hours after the administration of the test compounds, the 
mice were injected with pentylenetetrazol (90 mg/kg sc). This dose 
of pentylenetetrazol was shown to induce convulsions in almost all 


Commercial chemicals were used in the present study. Sodium salts of 
pyruvic acid, citric acid, DL-isocitric acid, a-ketoglutaric acid, succinic acid, 
0-hydroxybutyric acid, DL-malic acid, and NADH were obtained from Sigma 
Chemical Co., St. Louis, Mo. Other common chemicals were obtained from 
the British Drug House, Bombay, India. 


untreated mice and produced 100% mortality during a 24-hr peri- 
od. On the other hand, no mortality was observed during 24 hr in 
animals treated with these doses of substituted thiazolidones 
alone. 


The mice were observed for 60 min for the occurrence of sei- 
zures. An episode of clonic convulsion persisting for a t  least 5 sec 
was considered a threshold convulsion. Transient intermittent 
jerks and tremulousness were disregarded. Animals devoid of 
threshold convulsions during the 60-min period were considered 
protected. The number of animals protected in each group w a ~  re- 
corded, and the anticonvulsant activity of the substituted thiazoli- 
dones was represented as percent protection. 


Potentiation of Pentobarbital Sleeping Time-The method 
of Winter (9) was followed to investigate the ability of substituted 
thiazolidones to potentiate pentobarbital-induced hypnosis. Mice, 
20-25 g, were used in groups of six animals. Each compound was 
tested in a group of six mice while one group served as a control for 
pentobarbital alone. Pentobarbital (sodium), when administered 
in a dose of 30 mg/kg ip to the control group, produced ataxia and 
no sleep; an increase in the dose of pentobarbital produced sleep in 
normal mice. 


All thiazolidones were administered in a dose of 100 mg/kg ip 1 
hr prior to the administration of pentobarbital. The animals were 
observed regularly for sleep as evidenced by loss of the righting re- 
flex until the animals awakened. The time of administration of 
pentobarbital in both the control and experimental mice treated 
with thiazolidones was recorded. The mean average sleeping time 
in each group was calculated. 


Determination of Approximate LDm Values-The approxi- 
mate LD50 values of these substituted thiazolidones were deter- 
mined by intraperitoneal administration in albino mice, 25-30 g, 
following the method reported by Smith (10). 


Determination of Behavioral Effects-The effects of these 
thiazolidones were investigated in albino mice, 25-30 g, using a 
dose of 100 mg/kg ip. The various effects observed were general 
depression, paralysis of the hindlimb associated with slight depres- 
sion and an increase in the rate of respiration, and circular move- 
ments of the thiazolidone-treated mice. 


RESULTS AND DISCUSSION 


Inhibition of certain metabolic processes in the brain has been 
reported to be the mechanism of various central nervous system 
(CNS) depressants (11, 12). Earlier studies indicated a parallelism 
between in uitro and in uiuo effects, since greater hypnotic activity 
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A 


O = L +  N-Ar - N-CH:CH,CH,-N 0 


Table 11-Physical Constants of Substituted 4-Thiazolidones 


Melting Analysis, % 


Compound Ar  Point” Yield, 7% Molecular Formula Calc. Found 


107 O 65 C16H2A”OzS C 60.19 60.47 
H 6.58 6.72 
N 13.16 13.44 


2-CH,-Ce.H, 73 O 54 Ci+fz&30zS C 61.26 61.05 
6.72 H 6.90 


IX CsH5 


X 
N 12.61 12.43 


4-CH3-CoH, 82’ 60 C~&L&”OZS C 61.26 61.47 
7.12 H 6.90 


N 12.61 12.84 
2,4- (CH,)z-C6H, 53 O 52 C I ~ & & N ~ O Z S  C 62.24 62.04 


7.10 H 7.20 


XI 


XI1 


N 12.10 12.19 
2,6- (CH,)z-CsH, 88 O 64 CisHzJ’J30?S C 62.24 62.16 


H 7.20 7.29 
N 12.10 11.98 


4-OCHa-CsHd 76 O 59 CnHz3N303S C 58.45 58.60 
H 6.59 6.78 
N 12.03 12.23 


4-Cl-CsH4 55 O 62 CieHzoClN30zS C 54.31 54.80 
6.72 H 6.65 


N 11.88 11.95 


XI11 


X I V  


xv 


a-Naphthyl 112O 58 C Z O H Z ~ N ~ O Z S  C 65.05 65.34 
6.19 H 6.23 


N 11.38 11.50 


XVI 


a Melting points were taken in open capillary tubes with a partial immersion thermometer and are corrected. 


of some agents was reflected by their greater in uitro inhibition of 
respiration (13, 14). The inhibitory effects of substituted thiazoli- 
dones on the cellular respiratory activity of rat brain homogenates 
are presented in Table 111. All thiazolidones selectively inhibited 
in uitro NAD-dependent oxidation of pyruvate, citrate, DL-isoci- 
trate, a-ketoglutarate, malate, P-hydroxybutyrate, and L-gluta- 
mate, whereas NAD-independent oxidation of succinate remained 
unaltered. These results, exhibiting selective inhibition of NAD- 
dependent oxidations, are in agreement with earlier studies with 
2-methyl-3-0- tolyl-4-quinazolone (15). 


In the present study, in uitro inhibition of the oxidation of 
NADH was observed as was reported earlier for nitrobenzamides 
(16). These results have indicated possible inactivation of the 
transfer process of electrons in the respiratory chain by these thia- 
zolidones by acting presumably at a site of transfer of electrons 
from NADH to flavine adenine dinucleotide. The enzyme inhibito- 
ry effectiveness of these thiazolidones was not uniform with regard 
to their ability to produce maximum inhibition during oxidation of 
various substrates. Compound IX, possessing an unsubstituted 
phenyl group attached to the thiazolidone nucleus, was the least 
effective compound during oxidation of all of the substrates used 
in the present study. The maximum inhibition of the oxidation of 
pyruvate and a-ketoglutarate by Compound XV, of citrate, DL-iso- 
citrate, and malate by Compound XI, of L-glutamate and NADH 


by Compound X, and of 0-hydroxybutyrate by Compound XI1 ob- 
served in these experiments failed to provide correlation between 
inhibitory effects and the chemical structure of these thiazoli- 
dones. 


The results in Table IV compare the anticonvulsant activity 
possessed by these thiazolidones and their ability to potentiate 
pentobarbital sleeping time. All thiazolidones possessed anticon- 
vulsant activity, which was reflected by the 3040% protection af- 
forded by these compounds against pentylenetetrazol-induced 
convulsions. Compounds IX and XV showed maximum protection, 
while Compound XI11 afforded the least protection from pentyl- 
enetetrazol-induced convulsions. Data on anticonvulsant activity 
and 24-hr pentylenetetrazol-induced mortality (Table IV) indicat- 
ed some association between increased protection from convul- 
sions and decreased pentylenetetrazol mortality in experimental 
animals. 


In the present study, intraperitoneal administration of 30 mgkg 
of pentobarbital (sodium) produced ataxia and no sleep in mice. 
Administration of thiazolidones in a dose of 100 mg/kg ip 1 hr 
prior to the administration of pentobarbital produced sleep in 
mice. Thus, all thiazolidones potentiated pentobarbital sleeping 
time and the duration of sleep ranged from 21.6 to 98.6 min (Table 
IV). The greater potentiation of sleep observed with Compounds 
IX and XV, possessing maximum anticonvulsant activity, has pro- 


Table 111-Inhibition of the  Respiratory Activity of Rat Brain Homogenate by Substituted 4-Thiazolidones 


~ ~~~~ 


suc-  
Com- DL-ISO- a-Keto- p-Hydroxy- r,-Gluta- cin- 


pound Pyruvate Citrate citrate glutarate Malate butyrate mate  N A D H  ate 


IX 59.2 f 0.7 17.4 f 0.5 22.5 + 0.9 35.3 f 1 .0  42.4 f 1 .4  44.0 f 1 . 0  36.6 f 1 .2  30.7 f 1 . 3  Nil 
X 78.6 f 0 . 8  43.9 =k 1.4 50.4 i 0.7 56.9 f 1 . 2  58.8 f 0.8 60.5 f 1 . 3  69.2 f 1 .5  50.1 f 0.7 Nil 


X I  72.1 f 1 .2  71.0 f 1 .5  78.1 i 0.8  60.6 f 1.4 59.0 f 1 . 5  74.4 f 1 . 5  55.0 f 0 .7  45.4 i 0 .9  Nil 
XI1 69.1 f 0.9 68.0 f 1 .0  68.8 f 1 .4  40.8 f 0.9 50.6 f 0.9 83.7 f 1 .0  55.9 f 0.9 45.3 f 0.7 NIl 


XI11 68.2 f 0 . 8  56.7 f 0.9 62.8 =k 0.9 44.3 f 1.1 49.9 + 1 . 0  76.3 f 0.9 59.3 f 0.9 40.9 f 0 . 8  Nil 
X I V  71.4 f 0 .9  55.4 f 0.9 57.4 + 1 .0  57.9 + 1 . 3  53.3 + 0.9 78.3 f 1 . 3  52.6 i 1 .4  40.3 f 1 . 4  Nil 
X V  83.3 f 1.5 55.8 f 1 . 3  60.7 f 0 . 7  70.3 f 1.5 55.4 f 0.8 79.2 f 1 . 0  65.0 f 1 . 3  45.7 f 1 . 3  Nil 


XVI 60.4 f 0.8 57.9 f 1 . 4  60.3 f 0 .5  36.3 f 0.9 52.6 f 1 . 3  56.4 f 1 .0  53.7 f 0.9 48.6 f 0 .9  Nil 


a Each experiment was done in duplicate. All values represent mean values of percent inhibition with += standard error of the mean from three separate 
experiments. Inhibition was determined by the decrease in the oxygen uptake/100 mg wet tissue weight/hr. Different substrates and NADH were used at a 
h a 1  concentration of 10 and 0.5 mM,  respectively. All substituted thiazolidones were used a t  a final concentration of 2 mM. Vessel contents and assay pro- 
cedure are as described in the text. 
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Table IV-Pharmacological Properties of Substituted 4-Thiazolidones 


Anticonvulsant Pentylene- Potentiation of Pento- 
Approximate LDSa, Activity', % tetrazol barbital Sleeping Behavioral 


Effectsd Compound m g / k  iP Protection Mortality*, % Timec, min 


IX 
X 


XI 
XI1 


XI11 
X I V  xv 
X V I  


500 
1000 
500 


> 1000 
300 


>loo0 
>loo0 
>loo0 


80 
60 
50 
50 
30 
50 
80 
50 


20 
30 
20 
20 
60 
20 
20 
30 


9 8 . 6  & 10 
4 5 . 3  f 9 
2 1 . 6  f 5 
44.2 5 8 
7 7 . 0  f 11 
6 7 . 0  + 9 
88.2 7 
5 1 . 0  & 6 


0 Anticonvulsant activity was determined at a dose of 100 mg/kg ip as described in the text. * Represents mortality during 24 hr in each group of 
animals administered pentylenetetrazol. C Administration of pentobarbital in a dose of 30 mg/kg produced ataxia and no sleep. Sleeping time was ob- 
served in animals treated with substituted thiazolidones (100 mg/kg ip) 1 hr prior to the administration of pentobarbital. dBehaviora1 effects were 
observed in animals treated with substituted thiazolidones in a dose of 100 mg/kg ip, and the various effects observed are indicated as: A, slight de- 
pression; B, ataxia in hindlimbs associated with slight depression and an increase in the rate of respiration: and C, circular movements. Various screen- 
ing procedures for determination of the pharmacological properties of these substituted thiazolidones are as described in the text. 


vided a relationship between the anticonvulsant activity of these 
thiazolidones and their ability to potentiate pentobarbital-induced 
sleep. This relationship, however, was not sufficiently uniform to 
make a definite conclusion since significant potentiation of sleep 
was observed with Compound XI11 (77.0 min) which possessed the 
minimum anticonvulsant activity of only 30%. 


The behavioral effects observed with the administration of these 
thiazolidones and their approximate LDM values are recorded in 
Table IV. The various effects observed were depression of CNS ac- 
tivity, which was sometimes associated with the increase in respi- 
ration, paralysis of the hindlimb, and production of circular move- 
ments. The approximate LDM values of these thiazolidones were 
found to be from 300 to >lo00 mgkg. Most compounds possessing 
approximate LDm values >lo00 mgkg have indicated low toxicity 
associated with these thiazolidones. 


Results presented in the present study have failed to provide 
any definite correlation between selective inhibition of NAD-de- 
pendent oxidations by thiazolidones and their abilities to provide 
protection against pentylenetetrazol-induced convulsions and to 
potentiate pentobarbital-induced hypnosis. It is hoped that fur- 
ther detailed pharmacological and toxicological studies and inves- 
tigations of the effects of substituted thiazolidones on other en- 
zyme systems may reflect a biochemical basis for their CNS activi- 
ty. 
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Table 11-Blood Pressure Effects 


Depression of Peak Systolic, 
Dose, mg/kg % 


10 15 f 13 
20 20 f 31 
40 29 f 34 


doses occurred; although a dose-response relationship is suggest- 
ed, an analysis of variance revealed no significant differences in re- 
sponses among the amount of drug given, the order of dose admin- 
istration, and the responses of the individual animals to a given 
dose. 


The suggestion of neuromuscular depressive activity prompts 
one to evaluate statistically muscle depression with control muscle 
contraction by comparison with the Student t test for significance 
of depression of all doses given (0.2 < p < 0.3). However, with the 
small number of animals used in this pilot study ( n  = 3) and the 
variability encountered, it is perhaps not surprising that statistical 
significance was not achieved. Attempts a t  reversal of these neuro- 
muscular effects with calcium chloride administered after the 
nadir failed to alter the pattern of recovery (lincomycin block had 
been previously shown not to be reversed by calcium) (2). 


Depression of peak systolic blood pressure was noted with all 
but one of the doses given. Mean responses with 1 SD (Table 11) 
suggest that this blood pressure effect is dose related; however, an 
analysis of variance revealed the same lack of significant differ- 
ences among responses to doses, dose order, and animal studied. 


DISCUSSION 


The manufacturer recommends that clindamycin phosphate be 
diluted (6 mg/ml) and administered slowly (not to exceed 1200 mg 
in any 1-hr period). The dose range is approximately 5-20 mg/kg 
(8). In this experiment, doses were in this range and also double 
the maximum recommended dose. Initial clinical studies with clin- 
damycin used intravenously noted no acute neuromuscular depres- 
sive or cardiovascular effects (9-11). However, a summary of side 


effects in more than lo00 patients includes instances of hyperten- 
sion, hypotension, and cardiac arrest, and the manufacturer warns 
of possible neuromuscular blocking properties (8). Nevertheless, 
even with the lack of dilution and the rapid use of up to twice the 
usual dose, this study revealed a lack of statistically significant 
dose-related neuromuscular depressive or blood pressure effects in 
the cat. 
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Abstract 0 Azulenes reacted unexpectedly and readily with thion- 
yl chloride to give sulfonic acid chlorides and bisthioethers. The 
sulfonic acids but not the thioethers have antibacterial activity. 


Keyphrases 0 Azulenes, 1-substituted-reaction with thionyl 
chloride, antibacterial activity of resulting sulfonic acid derivatives 
and thioethers 0 Antibacterial activity-sulfonic acid derivatives 
and thioether reaction products of 1-substituted azulenes with 
thionyl chloride 0 Sulfuration reactions-1-substituted azulenes 
with thionyl chloride, antibacterial activity of resulting sulfonic 
acid derivatives and thioethers 


While preparing some derivatives of azulene uia 
Friedel-Crafts acylation (1, 2) using acid chlorides 
prepared in situ with thionyl chloride, the unexpect- 
edly facile reaction of 1-carboxyethylazulene and 


thionyl chloride was noted. Under the reaction condi- 
tions, the primary product was apparently the 3-sul- 
finic acid chloride, which rapidly disproportionated 
giving rise to the corresponding bisthioether and sul- 
fonic acid chloride. 


The corresponding sulfonic acid is relatively unsta- 
ble and could not be completely characterized, but its 
identity was inferred by formation of the more stable 
amide derivative upon treatment of the anhydrous 
system with gaseous ammonia. In seeking to confirm 
the course of the reaction utilizing the more reactive 
unsubstituted parent compound, azulene, bis(3-chlo- 
roazuly1)thioether was separated with difficulty from 
polymerization products. 


The sulfonic acid and sulfonamide show selective 
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Table I-Physical a n d  Spectral Characteristics of New Azulene Derivatives 


~ 


Spectral Characteristics 
Analysisd, % Color 


and  Melting N M R ,  
Substituents Form Point  A,,, nma log IR, 4 PPm" Calc. Found 


X = C02CzHs Red crystals 


Y = SO3H 


X = C02CzHs Green scales 


Y =  \ 
S 


COIC,H, 


X f  = c 1  Green scales 
Y =  \ 


S 
I 


95- 
97 O 


70- 
72O 


127' 


57 


q 
CI 


Ethanol 
229 
251 (8 )  


4.28  
3.93 


3.43 
3.50 
5 .95  


CDCls 
1.42  ( t )  
4 .39  ( 0 )  


284 i s i  4.27 8 .87  4.73 iA' 
\ ,  


289 
301 
468 


4 .43  12.81 8 .63  (sj 
4.47  13.47 8 .88  (d) 
3.77 9 .65  (d) . ,  


Ethanol 3.02 Dz0 
230 3.72 3 .43  1 .40 (t) 
252 ( 8 )  3.35  5 .96  4 .30  (4) 
282 (9) 3.69  8 .27  8 .43  ( s )  
288 3 .81  9 .60  8 .49  (d) 
300 3 .90  12.82 
464 3 .19  13.43 


15 + 
CCl 3.49 CDCL 
291 4 .71  5 .96  1.24 (t)e 
302 (s)  4.68  7 .08  4 .23  (al 
318 (sj 4.44  12.96 8 .08  (Yj 
373 4 .09  13.62 8 .68  (d) 


CCl, 3.48  9 .36  (d) 
268 (8)  4 .33  12.72 
278 (8)  4.45 13.63 . .  
281 4.47 14.51 
284 4.48 
289 4 .49  
295 (8 )  4.48  


CisHisN01S: 
C 55.90 54.07 
H 4 .69  4.91 
N 5.01  4 .88  
S 11.48 11.02 


Rapidly degrades at 
ambient 
temperature 


CZEH??OIS: 
C 72.5  72.67 
H 5.15  4 .83  
s 7 .43  7 .43  


CZOHL?Cl?S: 
C 67.60 67.64 
H 3.40 3.21 
S 9 .03  8 .91  


s = shoulder. b Major, correlated peaks only. C s = singlet, d = doublet, t = triplet, and q = quartet; complex patterns are not noted. d Elemental analyses 
were performed by Schwarzkopf Laboratories, New York, N.Y., and by Spang Microanalytical Laboratories, Ann Arbor, Mich. e A molecular ion of 430.12 amu 
was observed on the masa spectrum of this material; the spectrum was consistent with the identification of thiacompound as bis(3-carboxyethy1azulyI)thioether. 
f Separated with difliculty from polymerization producta. 


antibacterial activity, but the highly insoluble 
thioethers do not. 


EXPERIMENTAL 


Materials-Azulene' was of 99+% purity; all other materials 
were of USP or reagent grade. 


Physical Data-IR spectra2 were obtained using potassium 
bromide disks. UV and visible spectra3 were obtained using alcohol 
as solvent. NMR4 spectra were obtained at  ambient temperature 
using tetramethylsilane as the internal standard, and mass spec- 
tra5 were obtained by direct probe methods. Melting pointse are 
uncorrected. 


General Chromatographic Procedure-Chromatographic 
separations were done on either alumina' or silica gels, utilizing 
the following procedure. Concentrated solutions of the reaction 
mixture, reaction mixture filtrates, or reaction mixture extra& 
were mixed with a small amount of adsorbent (5-15 g) and tritur- 
ated until a dry, free-flowing powder was obtained. The adsorbate 
was packed above a 2 X lo-, 3 X 15-, or 4 X 40-cm column of the 
appropriate adsorbent and eluted with solvents of increasing po- 
larity. The following solvents proved useful, either alone or in com- 
bination: petroleum ether, cyclohexane, carbon tetrachloride, tolu- 
ene, chloroform, methylene chloride, n-butanol, 2-propanol, etha- 
nol, and methanol. 


Henley and Co., New York, N.Y. * Perkin-Elmer Mracord model 127 recording spectrophotometer. 
Cary model 15 recording spectrophotometer. ' Jeolco JNM-MH 6011 (60 MHz) recording spectrometer. 
Finnigan model 3000D maas spectrometer. 
ThomagHoover Unimelt. open capillary. ' Merck reagent aluminum oxide No. 71707. 
Mallinckrodt silicic acid powder No. 2847. 


Chemistry-Physical and spectral data of these compounds are 
presented in Table I. 


Thioethers-A solution of 5 mmoles of the appropriate azulene 
derivative and 3.57 g (30 mmoles) of thionyl chloride in 10 ml of 
benzene was refluxed for 1 hr and poured over crushed ice. The re- 
sultant biphasic system was made basic with ammonium hydrox- 
ide and stirred in an open vessel until the benzene evaporated 
spontaneously. Attempts to speed evaporation with heat drastical- 
ly lowered yields. The solids were collected on a sintered-glass fun- 
nel and chromatographed on alumina using the general chromato- 
graphic method. Toluene eluted starting materials and several uni- 
dentified small bands; chloroform eluted the green thioethers. 
Typical yields averaged about 38% of theoretical. 


3-Carboxyethylazulene Sulfonic Acid-A solution of 1.OOO g (5 
mmoles) of ethylazuloate and 3.57 g (30 mmoles) of thionyl chlo- 
ride in 10 ml toluene was magnetically stirred for 24 hr in an open 
beaker contained in a sealed desiccator charged with solid sodium 
hydroxide. The reaction mixture was poured over crushed ice and 
made basic with ammonium hydroxide, and the phases were sepa- 
rated. The toluene phase was extracted once more with ammonium 
hydroxide. 


The combined aqueous phases were made acidic with hydrochlo- 
ric acid and extracted with n-butanol, and the n-butanol extract 
was subjected to chromatographic separation on silica gel. The ma- 
terial obtained from the major fraction eluted from the column by 
methanol was redissolved in water, made acidic with hydrochloric 
acid, and extracted into n-butanol. Evaporative concentration of 
the n-butanol yielded 3-carboxyethylazulene sulfonic acid as red 
crystals; yields averaged 12% of theoretical. 


Treatment of the toluene phase as described under Thioethers 
affords small quantities of bis(3-carboxyethylazu1yl)thioether and 
of 3-chloroethyl azuloate. 


3-Carboxyethylazulene Sulfonamide-A solution of 1.OOO g (5 
mmoles) of ethyl azuloate and 3.57 g (30 mmoles) of thionyl chlo- 
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ride in 10 ml of toluene was magnetically stirred for 24 hr in an 
open beaker contained in a sealed desiccator charged with solid so- 
dium hydroxide. The toluene solution was saturated with dry am- 
monia, allowed to stand in a closed vessel for ty additional 72 hr, 
and poured over crushed ice. The resultant biphasic system was 
made alkaline with ammonium hydroxide and allowed to stand 
with stirring in an open vessel until the toluene had spontaneously 
evaporated. The aqueous suspension was then filtered through a 
sintered-glass funnel. 


The filtrate was made acidic with hydrochloric acid and extract- 
ed with chloroform, and the chloroform extract was subjected to 
chromatographic separation on an alumina column. The material 
obtained from the major fraction eluted from the column with 2- 
propanol was redissolved in water, made acidic with hydrochloric 
acid, and extracted into chloroform. Evaporative concentration of 
the chloroform yielded 3-carboxyethylazulene sulfonamide as red 
crystals; yields averaged 16% of theoretical. 


Chromatographic separation of the residue on the filter yielded 
small quantities of 3-chloroethyl azuloate and bis(3-carboxyeth- 
ylazulyl) thioether. 


Microbiological Testing-Preliminary screening of the com- 
pounds 3-carboxyethylazulene sulfonic acid, 3-carboxyethylazu- 
lene sulfonamide, bis(3-carboxyethylazulyl)thioether, and bis(3- 
chloroazuly1)thioether was accomplished by a simple bioauto- 
graphic method (3). The preliminary screening was performed in 
duplicate using Escherichia colig and Staphylococcus aureus 
(ATCC 6538) as test organisms. Erythromycin stearatelo was em- 
ployed as a positive control. 


Because 3-carboxyethylazulene sulfonamide was more active, 
stable, and water soluble than the other test compounds, it  was se- 
lected for additional screening. A sensitivity disk method (4) was 
used against eight microorganisms: Corynebacterium xerosis 
(ATCC 373), Staph. aureus (ATCC 6538), E. coli, Pseudomonas 
aeruginosa (ATCC 8308), Proteus uulgaris, Streptococcus py- 
ogenes (ATCC 8668), Candida albicans (ATCC 1950), and Myco- 
bacterium fortuitumg. All tests were performed in duplicate. 


An aqueous solution of sodium bicarbonate was utilized as a 
negative control, and commercially available disks impregnated 
with sodium ampicillinlo were utilized as a positive control. The 
equimolar stock solutions were sterilized prior to use by passage 
through sterile Swinney filters. The nutrient medium was brain- 
heart infusion agar“. Cultures were incubated for 24 and 48 hr, 
and the diameters of zones of inhibition were measured to the 
nearest millimeter. 


RESULTS AND DISCUSSION 


The facile route to the preparation of azulene sulfonic acids, the 


The identity of cultures of E. coli, P. uulgoris, and M. fortuiturn was 
verified by a combination of staining reactions, morphological features, and 
biochemical reactions. 


lo Abbott Laboratories, North Chicago, Ill. 
*l Difco Laboratories, Detroit, Mich. 


corresponding sulfonamides, and symmetrical azulylthioethers 
employing thionyl chloride is reported. Few methods for the sulfu- 
ration of the azulene nucleus have been reported (5), and all re- 
ported methods employ sulfur trioxide as the primary agent. 


The proportions of thioether and presumed intermediate sulfo- 
nyl chloride formed in the reaction are sensitive to reaction condi- 
tions. The thioether predominates after reaction at 80° and above, 
while the sulfonyl chloride is the major product after reaction for 
an extended period at ambient temperature. 


The physical and .spectral properties and elemental analytical 
data are presented in Table I. 


The free sulfonic acid and sulfonamide inhibited the growth of 
Staph. aureus, as evidenced by clear zones of inhibition in seeded 
culture medium overlaying the bands of these compounds on the 
thin-layer bioautographic plate. The thioethers, which are highly 
water insoluble, were inactive against this organism. No azulene 
compound showed activity against E. coli. 


In the study employing the sensitivity disk method, 3-carboxy- 
ethylazulene sulfonamide produced zones of 11 and 12 mm on the 
S. pyogenes culture and zones of 13 and 14 mm on the M. fortu- 
itum culture after 24 hr. 


Further work is underway to obtain 50% inhibitory concentra- 
tion values as well as kinetic growth curves for these and other 
members of several series of azulenoid derivatives possessing anti- 
bacterial activity. 


Because these sulfonic acid derivatives do not possess amino 
functions, it appears that they exert their antibacterial properties 
independently of the folate synthetase system. 
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New Compounds: Addition Products of 
Heterocyclic Chalcones 


GIANLUIGI SOLDATI 


Abstract 0 Michael-type adducts, 1,3-heterocyclic-3-mercapto- 
propan-1-ones, were prepared by the base-catalyzed reaction of 
heterocyclic chalcones with thiols. These new compounds were 
found to be active as fungicides. 


Keyphrases 0 Chalcones, heterocyclic-addition products, 1,3- 
heterocyclic-3-mercaptopropan-I-ones synthesized as potential 
fungicides 0 1,3-Heterocyclic-3-mercaptopropan-l-ones-synthe- 
sized as potential fungicides 0 Fungicides, potential-synthesis of 
Michael-type adducts, 1,3-heterocyclic-3-mercaptopropan-l-ones 


Some addition products of heterocyclic chalcones 
with thiols were prepared in view of potential biologi- 
cal properties. Bronchodilatory (l), coronary spasmo- 


Table I-l.3-Heterocyclic-3-mercaptopropan-l-ones 


lytic (2-5), bacteriostatic (6), tuberculostatic (7), 
staphylostatic (8), and anthelmintic (9) activities 
have been reported for heterocyclic chalcones; re- 
cently, these compounds also showed an inhibitory 
effect on the suprarenal gland cortex of the rat (10). 


The intermediate chalcones (1,3-heterocyclic-2- 
propen-1-ones) were prepared by the conventional 
(1 1) aldehyde-ketone base-catalyzed condensation. 
In turn, these chalcones were used for the Michael- 
type adducts, 1,3-heterocyclic-3-mercaptopropan-l- 
ones (Table I). A base-catalyzed ethanolic solution 
refluxed for 2-3 hr gave good yields of the adducts. 


Several of the compounds showed fungicidal prop- 
erties. 


SR 


Com- 
pound 


Melting ~ 


X XI R Point Formula 


Analysis, % 


Calc. Found 
~ _. 


I 0 


I1 0 


I11 0 


IV 0 


V 0 
VI S 


VII S 


VIII 0 


IX S 


X 0 


XI 0 


XI1 0 


XI11 S 


XIV S 


xv S 


0 


0 


S 


S 


S 
S 


S 


S 


0 


0 


0 


0 


0 


0 


0 


Phenyl 


p - T 0 1 y 1 


p-C hloropheny 1 


p - T o 1 y 1 


o-Aminophenyl (12) 
3,4-Dichlorophenyl 


p-Bromophen yl 


p-Bromophenyl 


p-Chlorobenzyl 


3,4-Dichlorophenyl 


p-Bromophen yl 


p-Methoxyphenyl 


1-Octyl 


1-Dodecyl 


p-Bromophen yl 


63-64' 


95-96' 


77-78' 


75-76 O 


74 
96-97 ' 


91-92' 


76-78' 


61-62 O 


73-74 ' 


90-91 ' 


66-67 O 


44-45 


55-57" 


93-95 O 


C 68.45 
H 4.73 s 10.73 
C 69.22 
H 5 .16  s -  
C 58.56 
H 3.76 
S 18.35 
C 65.85 
H 4.91 s -  
C 51.31 
H 3 .24  
S 24.17 
C 49.87 
H 3.20 
S 23.51 
C 51.92 
H 3.33 
S 16.27 
c 59.59 
H 4.17 s -  c 55.78 
H 3 .53  
S 8.74 c 54.12 
H 3.47 
S 8.48  
C 65.85 
H 4.91 
s 9.75 
C 65.10 
H 7.48 s -~ 
C 67.96 
H 8 .43  s -  
C 51.92 
H 3 .33  
s -  


68.45 
4.71 


11.05 
69.40 
5.26 


58.91 
3.86 


18.64 
65.82 


5 .12  


- 


.- 


51.02 
3 .62  


24.23 
50.07 


3.16 
23.69 
52.25 
3.23 


16.54 
59.42 


4.14 


55.44 
3.42 
8 .93  


53.81 
3.42 
8 . 6 1  


66.18 
4.92 


10.00 
65.13 
7 .42  


67.94 
8.52 


51.95 
3.23 


- 


- 


- 
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EXPERIMENTAL 


All adducts listed in Table I were prepared by the following pro- 
cedure as exemplified by 1,3-di-(2-furyl)-3-(p-bromomercapto)- 
propan-1-one. 


p-Bromothiophenol (5.0 g, 0.0264 mole) was added to 5.0 g 
(0,0265 mole) of 1,3-di-(2-furyl)-2-propen-l-one in 100 ml of etha- 
nol, followed immediately by 5 drops of the catalyst triethylamine. 
After refluxing for 2 hr on a steam bath, the solution was cooled. 
The precipitate that formed was collected and recrystallized from 
ethanol-water to give a white crystalline material, mp 90-9lo, in 
almost quantitative yield. 


Anal.-Calc. for C17H1zBr03S: C, 54.12; H, 3.47; Br, 21.18; S, 
8.48. Found: C, 53.81; H, 3.42; Br, 21.02; S, 8.61. 


Other intermediates used were 1-(2-furyl)-3-(2-thienyl)-2-pro- 
pen-1-one, 1-(2-thienyl)-3-(2-furyl)-2-propen-l-one, and 1,3-di- 
(2-thienyl)-2-propen-l-one. 
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Influence of Peroxide Impurities in 
Polyethylene Glycols on 
Drug Stability 


Keyphrases 0 Polyethylene glycols-peroxide impurity, cortico- 
steroid stability 0 Antioxidants-butylated hydroxytoluene, pro- 
pyl gallate Colorimetric assay-peroxide concentrations 


To the Editor: 


The poor stability of an experimental topical corti- 
costeroid formulated in polyethylene glycol 300 was 
found to be due to the high concentration of perox- 
ides in the vehicle. Removal of the impurity from the 
vehicle led to an increase in stability of the steroid at  
elevated temperatures. Boon and Mace (1) reported 
that degradation of tripelennamine hydrochloride in 
polyethylene glycol 300 was dependent on the con- 
centration of ethylene oxide in polyethylene glycol; 
when the concentration of ethylene oxide exceeded 
0.1%, there was measurable loss of the active constit- 
uent. 


Higher molecular weight polyethylene glycols and 
polyethylene glycol esters, ie., polyethylene glycol 
400, polyethylene glycol 1500, and polyethylene gly- 
col 6000 distearate, used to solubilize the steroid be- 
fore its incorporation into an ointment formulation 
(petrolatum base), all contained peroxides as impuri- 


ties and the steroid showed poor stability. Except for 
one sample of polyethylene glycol 1500, samples of 
polyethylene glycols from different manufacturers all 
contained peroxides. In one instance, a small quanti- 
ty of hydrogen peroxide had been added by the man- 
ufacturer to maintain a water-clear product. 


Although the identities of the peroxides present as 
impurities were not determined, they are believed to 
consist of various organic peroxides rather than hy- 
drogen peroxide per se. The concentrations of perox- 
ide in polyethylene glycols of different molecular 
weights and polyethylene glycol 6000 distearate are 
reported in Table I. In the colorimetric assay used, 
the glycol sample was added to an acidified potassi- 
um iodide solution and the iodine liberated was ti- 
trated against standard thiosulfate solution. 


The level of peroxide in polyethylene glycols in- 
creased with aging. Studies in these laboratories 
showed that the presence of selected antioxidants 
and water (5-10%) in the vehicle helped to decrease 
the concentration of peroxides. Thus, of eight antiox- 
idants tested, butylated hydroxytoluene and propyl 
gallate were the most successful in this respect, and 
pretreatment of the vehicle with 0.005-0.05% of ei- 
ther agent was effective. The decomposition of perox- 
ides under the influence of water or antioxidants was 
slow at room temperature but was accelerated by 
heating. Both the concentration of antioxidant and 
the duration of heating (60-80O) required for the re- 
moval of peroxide were dependent on the initial con- 
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Colorimetric Analysis of Hexachlorophene in 
Topical Formulations 


W. N. FRENCH, F. MATSUI, S. J. SMITH =, and 
R. J. WOOD 


Abstract The commonly used 4-aminoantipyrine dye formation 
procedure for hexachlorophene analysis in topical formulations 
was modified to overcome interference due to other components. 
Bar soaps and nonemulsion formulations are analyzed directly, 
employing a chloroform back-extraction stage of the dye prior to 
quantitatiqn. Hexachlorophene in emulsions and liquid soaps is 
determined using a TLC separation prior to dye formation. 


Keyphrases Hexachlorophene-colorimetric analysis in topical 
formulations, modified 4-aminoantipyrine dye formation method, 
elimination of interferences 0 4-Aminoantipyrine-dye formation 
for hexachlorophene colorimetric determination, modifications to 
overcome interferences 0 Colorimetry-analysis, hexachlorophene 
in topical formulations, 4-aminoantipyrine dye formation, modi- 
fied to eliminate interferences 


Direct UV spectrophotometry (1, 2), absorbance 
measurements after sample cleanup (3, 4), NMR 
spectroscopy (5), GLC (6) ,  and, more recently, high 
speed liquid chromatography (7) have been used to 
quantitate hexachlorophene (I) in topical formula- 
tions. However, the colorimetric determination of the 
dye formed when I reacts with 4-aminoantipyrine (11) 
(8-10) is the method most commonly used for analyz- 
ing such preparations (1 1-13). 


The 4-aminoantipyrine procedure for analysis of I 
gives rise to difficulties due to instability of the dye 
formed (11, 14) and to interference from surfactants 
present in preparations (15). This report describes a 
modified I1 method for the analysis of I which over- 
comes many of these difficulties. The TLC proce- 
dures also described allow the application of the col- 
orimetric method to emulsions. 


EXPERIMENTAL' 


Weak Ammonia Buffer (11)-Dissolve 67.5 g of ammonium 
chloride in 570 ml of concentrated ammonium hydroxide, dilute to 
1 liter with distilled water, and mix. Dilute 2.0 ml of this solution to 
1 liter with distilled water to afford the required weak ammonia 
buffer. 


General Procedure (A)-4-Aminoantipyrine Solution-Pre- 
pare a 0.5% (w/v) solution of I1 in distilled water. 


Potassium Ferricyanide Solution-Prepare a 2.096 (w/v) solu- 
tion of potassium ferricyanide in distilled water. 


Hexachlorophene Standards-Dissolve about 25 mg of refer- 
ence standard quality I, accurately weighed, in 100.0 ml of di- 
methylformamide and mix. To individual 25-ml volumetric flasks, 
add, respectively, 2.0, 3.0,4.0, and 5.0 ml of this solution and dilute 
to volume with dimethylformamide. 


Sample Preparation-Transfer an accurately weighed aliquot 
of powdered bar soap, toothpaste, or dusting powder equivalent to 
about 0.55 mg of I to a centrifuge tube. Add 15.0 ml of dimethyl- 
formamide and mix thoroughly for 45 min using a mechanical 
shaker. Centrifuge or filter the solution to remove insoluble mate- 
rial. 


1 Chemicals of analytical reagent grade or the equivalent are used. Etha- 
nol means 95% ethanol. 


Color Development and Hexachlorophene Determination- 
Transfer 1.0 ml of solution containing standard or sample to a 25- 
ml volumetric flask, add 20 ml of weak ammonia buffer and 1.0 ml 
of I1 reagent, and mix. Add 1.0 ml of potassium ferricyanide re- 
agent, immediately dilute to volume with weak ammonia buffer, 
and again mix. Immediately transfer 15.0 ml of this solution to a 
60-ml separator containing about 6 g of sodium chloride. Add 7.0 
ml of chloroform and shake for 1-2 min. Allow layers to separate 
and collect most of the chloroform layer. 


Filter the chloroform solution through a filter2 into a 1.0-cm 
spectrophotometer cell. Measure the absorbance of the sample so- 
lution at  483 nm against a blank prepared in an identical manner 
but substitute 1.0 ml of dimethylformamide for solutions contain- 
ing I. 


Prepare a calibration curve plotting absorbances of standard so- 
lutions against micrograms per milliliter of I in the final chloro- 
form solution. 


Calculations-Calculate the percent of I using: 


(Eq. 1) 


where Cs = micrograms per milliliter of I from the graph, and Ws 
= weight of sample taken in milligrams. 


Chromatographic Method (B)-Buffered 4-Aminoantipyrine 
Solution-Prepare a 0.5% (w/v) solution of I1 in weak ammonia 
buffer. 


Buffered Potassium Ferricyanide Solution-Prepare a 2.0% 
(w/v) solution of potassium ferricyanide in weak ammonia buffer. 


Hexachlorophene Standards-Dissolve about 25 mg of refer- 
ence standard quality I, accurately weighed, in ethanol and dilute 
to 25.0 ml. 


Sample Preparation-Transfer to a centrifuge tube an accu- 
rately weighed aliquot of emulsion, solution, or other sample 
equivalent to about 10 mtr of I. Add 10.0 ml of ethanol and mix 
thoroughly for 45 min, employing a mechanical shaker. If neces- 
sary, centrifuge or filter the resultant solution to remove insoluble 
material. 


TLC and Isolation Procedure-Use self-prepared or precoated 
fluorescent layers of silica gel, 250 pm thick. 


On a line 1 cm from one edge of the silica gel layer, apply dupli- 
cate spots using 10.0,15.0, and 20.0 p1 of standard solutions of I, al- 
ternating such spots with three others prepared with 15.0 p1 of 
sample solution. Develop the plate for 15 cm in a paper-lined 
chamber, using ethyl acetate-methanol (9:l) (4) as the solvent. 


Air dry the plate and examine it under shortwave UV light. De- 
lineate I spots and collect silica gel from individual spot areas 
using a suitable apparatus (16). Isolate I by washing the silica gel 
with 6 ml of ethanol, collecting the solvent in a suitable tube or 
flask. Evaporate the ethanol to dryness. 


Color Development and Hexachlorophene Determination- 
Carefully dissolve the residue obtained from silica gel extraction in 
0.5 ml of ethanol and add 13.0 ml of weak ammonia buffer and 1.0 
ml of buffered I1 solution. Mix, add 1.0 ml of buffered potassium 
ferricyanide solution, and again mix. To the resulting solution, im- 
mediately add about 6 g of sodium chloride and 7.0 ml of chloro- 
form and shake vigorously for 1-2 min. Allow the layers to sepa- 
rate. 


Using a 1 0 4  syringe and suitable needle, draw off the chloro- 
form layer without delay. Pass this solution through a filter2 into a 
1.0-cm cell; measure the absorbance at  483 nm against a blank pre- 


2Filter holder SX 00013000 and filters PHWP01300, Millipore Corp., 
Bedford, Mass. 
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Table I-Analysis of Hexachlorophene in Topical Formulations by the General Colorimetric Procedure 


F o u n d  


Sample Amount ,  w/w % w/w % of Variation Determinat ions” 
Labeled Label Claim, Coefficient N u m b e r  of 


Simulated 2 . 0  97.56 1 . 6 0  8 
soap 


A soap 2 . 0  101.05 1 . 9 3  5 
B soap 2.16 101.4 0.92 3 
C soap Unlabeled 2 .  16h 1 .70  3 
D douche 2 . 0  102.05 0 . 5 1  6 
E powder 0 . 5  100.63 2 .91  6 
F tooth- Unlabeled 0.045b 3.33 4 


G liquid 0 . 4  90.15 2.14 3 
paste 


soap 


(1 Each determination constituted a separate weighing followed by color development in triplicate. Percent on a weight basis. 


Table 11-Analysis of Topical Emulsions b y  the Specific Colorimetric Procedure 


TLC/Colorimetric 
Percent 


Recovery, Percent Number  of 
General Recovery, Mean  Coefficient Plates 


Labeled Colorimetric uv Percent of (Duplicate 
Sample Amount ,  % Method  Absorbance Recovery Variation Spots) 


G 
H 
I 
J 


0 . 4  
0 . 7  
0 . 5  
3 . 0  


90.15 
89.47 
94.80 
96.89 


104.4 
108.7 
163.1  
105.5 


103.17 
105.2 
94.5 


105.7 


0.43 
2.74 
2.08 
2 .08  


2 
3 
3 
3 


pared as described but using a similar portion of the same silica gel 
layer that  contains no I. Prepare a calibration curve plotting absor- 
bances of standard solutions against micrograms per milliliter of I 
in the final chloroform solution and determine the content of I in 
the samples. 


Calculations-The percent of I is calculated using Eq. 2: 


(Eq. 2 )  
cs x 525 
ws % w/w I - 


where Cs = micrograms per milliliter of I from the graph, and Ws 
= weight of sample taken in milligrams. 


DISCUSSION 


Although phenols are commonly analyzed by the I1 color proce- 
dure, the dyes formed during color development are unstable in 
the alkaline solutions in which they must be generated (11, 14). 
This problem has been overcome for many phenols by extraction 
of the dye into nonpolar solvents such as chloroform (11, 14). This 
procedure was reported to be inapplicable to analysis of I because 
of the insolubility of the 1-11 dye in chloroform (11, 14). The pres- 
ent investigation indicated that this dye could be taken up in chlo- 
roform by “salting out” from the aqueous solution with common 
salt. 


0.6 0.7 1 
0.5 


0 z a 0.4 
m 
E 


m 
2 0.3 
a 0.2 


0.1 


O Y - ’  1 I : 


1 2 3 4 5 6 7 8  
HEXACHLOROPHENE IN FINAL 


CHLOROFORM-DYE SOLUTION, &/ml 


Figure 1-Hexachlorophene calibration curves. 


The partition coefficient of the 1-11 dye between brine and chlo- 
roform appears to favor the latter. Solubility of the dye in chloro- 
form was found to be in excess of 4.5 wg/ml. However, a t  concen- 
trations over this level, volumes and shaking times became critical 
so that it was difficult to obtain reproducible results. Thus, in 
method development, sample sizes and solvent volumes were ad- 
justed to keep I levels below 4.5 wg/ml. 


Various aqueous phase-chloroform ratios were examined for ex- 
tracting 1-11 dye into the chloroform layer. While the dye appeared 
only in the organic layer with ratios as low as 3:1, 15 ml of aqueous 
phase to 7 ml of chloroform was most convenient because of subse- 
quent manipulation of the organic layer. 


Using the color development and partitioning procedure, which 
subsequently became the proposed method, various concentrations 
of I were examined to determine whether dye solutions obeyed 
Beer’s law a t  the absorbance maximum, 483 nm. Figure 1 demon- 
strates the direct relationship between concentration and absorb- 
ance (and also shows solubility characteristics of the 1-11 dye in 
chloroform). 


Based on these considerations, the General Procedure for I 
analysis was developed for the examination of samples. The sam- 
ple size proposed provides a I concentration in the final 1-11 dye 
solution of about 3.1 pg/ml and an absorbance near 0.33. This en- 
sures that specimens containing overages of up to 150% will be in 
the linear range of the graph. Similarly samples containing as little 
as 50% of the label claim for I also will be in the accurate and pre- 
cise range of the graph. All this, of course, assumes no interference 
from other components in formulations. 


Since there are reports that  analysis of I by I1 dye formation is 
adversely affected by soap and other surfactants (15), various or- 
ganic solvents were examined to find one that would, ideally, iso- 
late I and leave behind interfering substances from soap and other 
topical formulations. Chloroform did not isolate all of the I present 
in simulated samples while ethanol was nonselective, dissolving 
fatty acid salts and other materials so that lower than expected ab- 
sorhances were obtained. Dimethylformamide, which has been 
used previously in I analysis ( l ) ,  was found to be a good solvent for 
I in bar soap, dusting powder, and toothpaste but left some ambi- 
guity when used with emulsion formulations. 


Dimethylformamide was used in the isolation of I from a num- 
her of specimens of soap and other products (Table I). The coeffi- 
cients of variation observed with some samples reflect difficulties 
in sampling (varying moisture levels, lack of homogeneity of speci- 
mens, etc.), since analysis of a solution of I in dimethylformamide 
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Table 111-Typical R ,  Values of Antimicrobial 
Agents Examined 


Compounds Rl  


4 0.100 1 ‘0 7 


0 
4 10 40 100 400 1000 


SURFACTANTS, pg 


Figure 2-Effects of surfactants on a constant concentration of 
100 mg/25 ml hexachlorophene. Key: 1, 0, sodium lauryl 
sulfate; 2, m, sorbitan monooleate; 3, 0, polyoxyethylene (23) 
lauryl ether; 4, 4, polysorbate 80; 5, A, polyoxyl 30 stearate; 
6, A, polyoxyl 8 stearate; 7, 0, polyoxyethylene (4)  lauryl 
ether; and 8, *, benzalkonium chloride. 


indicated recoveries of 97.9% with a coefficient of variation of 0.87. 
Application of the proposed I method to emulsions left some 


doubt as to the accuracy of the procedure, since all values obtained 
were below labeled amounts (Table 11). In addition, a liquid soap 
solution (Sample G) was low. To assess these results, Samples G-K 
inclusive were examined spectrophotometrically a t  299 nm in acid- 
ified methanol. This study indicated higher I contents than were 
obtained by the I1 procedure (Table 11). 


These results, however, did not remove all ambiguity, since the 
absorbance curves for all samples showed the presence of back- 
ground absorbance with maxima broader than those observed with 
equivalent concentrations of pure I. Thus, surfactants and other 
components could be interfering with both the I1 dye and direct 
UV procedures. 


To determine the scope of the effects of surfactants on I analysis 
by I1 dye formation, solutions of I were treated with various levels 
of a number of commonly encountered surfactants, the I1 dye was 
developed, and absorbances were measured. Figure 2 demonstrates 
the limited tolerance of this colorimetric procedure to the presence 
of nonionic and cationic surfactants. In contrast, high levels of so- 
dium lauryl sulfate did not interfere with color development. 


It was apparent from this and other work (15) that it was neces- 
sary to isolate I from other emulsion components prior to color de- 
velopment. TLC on silica gel, with ethyl acetate-methanol (9:l) as 
solvent (4), was effective. In addition, this system separated I from 
other phenols such as dichlorophen, o- phenylphenol, 2,4-dichloro- 
phenol, phenol, 2-benzyl-4-chlorophenol, 2,4,5-trichlorophenol, 4- 
chloro-3,5-dimethylphenol, and trichlorocarbanilide (Table 111), so 
a high level of specificity could be obtained. 


Direct scaling down of the general colorimetric procedure (A) for 
examining samples that had been chromatographed was not possi- 
ble because of the limited buffering power of weak ammonia buff- 
er. Where pH values of final solutions in the general procedure 
were always in the 9.45-9.67 range, direct scaling down afforded 
varying pH values with some as low as 8.35. Preparation of I1 and 
potassium ferricyanide reagents in buffer overcame this problem 
so that final values for the proposed specific chromatographic pro- 
cedure (B) were always between 9.5 and 9.7. 


TLC of standard solutions of I with subsequent isolation of I 
and color development indicated that 86% I was consistently re- 
covered from chromatographic layers. Using this method, emulsion 
Samples H J  inclusive and the liquid soap solution G were ana- 
lyzed (Table 11). 


Data derived from the Chromatographic Method were in good 
agreement with that obtained from UV absorbance measurements 
with the exception of Sample J (Table 11). In this case, results ob- 
tained with Method B were very close to those obtained with the 
general colorimetric procedure. These data indicate that results 
obtained from general procedures, either colorimetric or UV, for 
quantitating I in emulsions and liquid soaps cannot be considered 
reliable. Thus, prior to utilizing a general method, the specific pro- 


Hexachlorophene 0 .42  
Trichlorocarbanilide 0.58 
Phenol 0 . 6 2  
2,4-Dichlorophenol 0 . 6 2  
2,4,5-TrichlorophenoI 0 . 6 2  
o-Phenylphenol 0 . 6 3  
4-C hloro-3,5-dimethylphenol 0 . 6 3  
Dichlorophen 0 .63  
2-Benz yl-4-chlorophenol 0.64 


cedure must be applied to establish reliability. These problems do 
not arise with bar soap since both the general and specific colori- 
metric procedures afforded similar values. 


The proposed modified colorimetric procedures for I analysis 
enables one to analyze occasional or replicate samples of bar soap 
and solutions containing I with minimum preparation time, while 
the specific procedure described enables the examination of emul- 
sions with a high level of accuracy. 
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Biosynthesis, Isolation, and Identification of 
6P-Hydroxynaltrexone, a Major Human 
Metabolite of Naltrexone 


EDWARD J. CONE =, CHARLES W. GORODETZKY, and S. Y. YEH 


Abstract Chemical reduction of naltrexone is described in an 
attempt to synthesize 6/3-hydroxynaltrexone. Only the epimer, 
6a-hydroxynaltrexone, was produced. Pilot metabolic studies on 
naltrexone in the dog, rat, and guinea pig were made to  determine 
which animal produced the greatest amount of 6P-hydroxynaltrex- 
one. The guinea pig was selected and used to produce the metabo- 
lite. Isolation and purification methods are described, and spectral 
data are presented for structural confirmation of the metabolite. 


Keyphrases 0 Naltrexone-chemical reduction to 6a-hydroxy- 
naltrexone, metabolism in dog, rat, and guinea pig 6a-Hydroxy- 
naltrexone-synthesis via chemical reduction of naltrexone 0 6P- 
Hydroxynaltrexone-isolation and identification as naltrexone 
metabolite in guinea pig 


Naltrexone (I) is extensively metabolized in hu- 
mans at  the C-6 carbonyl position to 60-hydroxynal- 
trexone (N-cyclopropylmethyl-7,8-dihydro-14-hy- 
droxynorisomorphine) (11), with the C-6 configura- 
tion isomeric to that of morphine (1). The role of this 
metabolite as a possible contributor in the pharmaco- 
logical response of naltrexone was of interest. A suit- 
able quantity of I1 was needed for pharmacological 
testing and standardization of analyses of biological 
fluids. Several chemical reduction procedures failed 
to produce the metabolite with the correctly oriented 
@-hydroxy group. An alternative route of preparation 
was employed using animals as the stereospecific re- 
ducing agent. This report details the preparation of 
6P-hydroxynaltrexone. 


EXPERIMENTAL 


Instrumentation-GLC-A gas chromatograph' equipped with 
dual flame-ionization detectors and 2-mm X 1.83-m (6-ft) glass 
columns packed with 3% OV-17 on Gas Chrom Q, 60-80 mesh, was 
used. The detector and injector temperature was 280". A tempera- 
ture program was employed from 200 to  270° at  a rate of 8'/min. 
The nitrogen carrier gas flow was 24 ml/min. The retention times 
of the internal standard, tetraphenylethylene, and the pentafluo- 
ropropionic anhydride derivatives of I, 11, and 111 (two peaks) were 
10.36, 5.81,5.48, and 4.67 followed by 7.67 min. 


IR-The IR spectra were obtained2 as a KBr matrix (1%) with a 
20-min scan length. 


Mass Spectrometry-All mass spectra were recorded on a qua- 
drupole GC-mass spectrometer3. The samples were introduced uia 
the solid probe inlet, and the temperature was brought up gradual- 
ly until the spectral pattern appeared. The ionizing potential was 
70 ev, and the accelerating potential was 2.5 kv. 


TLC Systems-System I-Glass fiber sheets4 were developed 
with chloroform saturated with aqueous ammonia. The Rf  values 
for I, 11, and 111 were 0.62,0.16, and 0.20, respectively. 


System 11-Silica gel G developed with benzene-diethylamine 


Varian model 2700. 
Beckman model IR 18A. 
Finnigan model 1015D. 
Gelman I.T.L.C. type SG, Gelman Instrument Co., Ann Arbor, Mich. 
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(4:l) was used. The Rf values for I, 11, and I11 were 0.76, 0.35, and 
0.35, tespectively. 


Attempted Chemical Synthesis ef 11-Sodium Borohydride 
Reduction-To 125 mg of I5 in 25 ml of dioxane and 15 ml of 
methanol was added 250 mg of sodium borohydride in small por- 
tions. An immediate exothermic reaction was observed. The mix- 
ture was allowed to stir a t  room temperature for 2.5 hr. TLC analy- 
sis (System I visualized with potassium iodoplatinate spray) re- 
vealed that complete reduction had occurred. The solvent was 
evaporated under vacuum, and the residue was dissolved in 30 ml 
of 2 N NaOH and 20 ml of 40% (w/v) KzHP04. The solution was 
extracted with chloroform, and the solvent was evaporated under 
vacuum. GLC analysis of the silylated residue (10% silylating re- 
agent6 in acetonitrile heated a t  70' for 1 hr) confirmed that com- 
plete reduction to the epimer of 11, N-cyclopropylmethyl-7,8-diby- 
dro-14-hydroxyn~rmorphine~ (111) had occurred. 


Sodium Amalgam Reduction-Compound I (200 mg) was re- 
duced with 1.5 g of 5% sodium amalgam (Na-Hg) using the proce- 
dure reported by Blount e t  al. (2). The chloroform extract was an- 
alyzed by TLC (System I and visualized with potassium iodoplati- 
nate spray) and GLC. The product of the reaction was unrelated to 
I1 or I11 and remained unidentified. 


Iridium Tetrachloride Reduction-To a solution of iridium tet- 
rachloride7 (50 mg) in 1 ml of concentrated hydrochloric acid was 
added 40 ml of water followed by 11 ml of trimethylphosphite. 
Fifty milligrams of I in 40 ml of 2-propanol was added, and the 
mixture was refluxed overnight. After cooling, the mixture was 
made basic with 10 N NaOH and extracted with chloroform. Evap- 
oration of solvent was followed by derivatization with pentafluo- 
ropropionic anhydride8 (heated as a neat solution at  70' for 3 hr) 
in an acylation tubeg. GLC analysis revealed that reduction to I11 
was about 50% complete without a trace of I1 present. 


Metabolic Studies on Animals-Pilot studies were performed 
on the dog, rat, and guinea pig to ascertain which species produced 
I1 as a metabolite of I. The animals were housed in stainless steel 
metabolic cages equipped with urine collectors. A single 50-mg 
dose of I was injected subcutaneously, and urine was collected pe- 
riodically over 68 hr. The samples were filtered and refrigerated 
un ti1 analysis. 


Two-milliliter aliquots of each collection were made basic (pH 9) 


Provided by Endo Pharmaceutical Co., Garden City, N.Y 
Regisil, Regis Chemical Co., Morton Grove, Ill. 
Pfaltz and Bauer, Inc., Flushing, N.Y. 
Pierce Chemical Co.. Rockford, Ill. 
Regis Chemical Co., Morton Grove, Ill. 







Table I-Urinary Excretion of Free and  Conjugated Naltrexone and 60-Hydroxynaltrexone in Guinea Pig and Dog 


Distribution in Urine. 


Guinea Pig Dog 
0-2 hr 2-20 hr 20-44 hr 44-60 hr  0-5 hr 5-20 hr 20-96 hr 


Naltrexone (I) 0 . 2  1 6 . 4  0 . 2  0 .1  0 . 7  0 . 2  0 . 2  


60-Hydroxynaltrexone (11) -b 54.5  5 . 9  0 . 1  
Conjugated -b 26.2 1 3 . 9  1 . 0  -b -b -6 


1 . 6  0 . 2  1 6 1 . 3  24 .8  0 . 9  
-b -b -b 


Conjugated naltrexone 1 . 2  58.8 


6p-hydroxynaltrexone 


a Values are reported in micrograms per milliliter for the collection period. b Not detectable. 


with 2 N NaOH. One milliliter of 40% (w/v) KzHPO4,0.5 g of sodi- 
um chloride, and 10 ml of chloroform were added, and the contents 
were shaken for 10 min. The aqueous phase was withdrawn and 
saved for acid hydrolysis of the conjugated drug and metabolites. 
The organic phase was transferred to a clean tube containing 3 ml 
of 2 N HCl and shaken for 10 min. The organic phase was discard- 
ed and the pH of the acid phase was adjusted to 9 and buffered 
with phosphate buffer. Ten milliliters of chloroform was added, 
and the contents were shaken for 10 min. The aqueous phase was 
aspirated and the organic phase was transferred to an acylation 
tube. The solvent was evaporated under nitrogen, and the residue 
was derivatized with pentafluoropropionic anhydride for 3 hr a t  
70°. Excess reagent was removed under nitrogen, and 100 pl of eth- 
ylene dichloride was added. The solution was analyzed immediate- 
ly by GLC. Levels of I and I1 were estimated by absolute peak 
height based on the response of a known quantity of I. 


The aqueous phase containing the conjugated drug and metabo- 
lites was hydrolyzed with excess concentrated hydrochloric acid in 
an autoclave for 0.5 hr a t  115' and 1.27 kg/cm2. After cooling, the 
solution was neutralized with solid pohs ium carbonate and ex- 
tracted as described. The residue was derivatized with pentafluo- 
ropropionic anhydride and analyzed by GLC. 


Isolation of I1 from Guinea Pig Urine-Ten white guinea 
pigs were injected subcutaneously twice daily with 25 mg of I in 0.5 
ml of saline for 10 days. The urine was collected daily, filtered, and 
centrifuged, and the supernate was stored in the refrigerator. 


The samples were extracted twice with chloroform (1.5 ml/ml of 
sample) following the adjustment of the pH to 9-9.5 with 10 N 
NaOH, buffering (40% K2HP04, 1 ml for 7 ml of sample), and salt- 
ing (sodium chloride, 1 g for each milliliter of sample). The com- 
bined organic extracts were centrifuged and dried over anhydrous 
potassium carbonate. The chloroform was removed under vacuum, 
and the residue was taken up in a small volume of solvent. The so- 
lution was applied to thin-layer plates and chromatographed (Sys- 
tem 11, 1000-pm layer). A 1-cm wide section of each side of the 
chromatogram was sprayed with potassium iodoplatinate for visu- 
alization of 11. The band (Rf  0.27-0.50) corresponding to the region 
(R, 0.35) where I1 was located from human urine was preparatively 
removed. The gel was washed with methanol, and the solvent was 
evaporated under nitrogen. The TLC isolation procedure was re- 
peated, giving a brown oily residue. Further purification was nec- 
essary and was accomplished by solid-liquid adsorption chroma- 
tography. 


The residue was fractionated into 70 10-ml fractions on a col- 
umn of neutral alumina, 1.27 X 30.48 cm (0.5 X 12 in.), under gra- 
dient elution conditions using mixtures of benzene-chloroform 
and chloroform-methanol as the eluting solventslO. The fraction- 
ation procedure was monitored by TLC [System I visualized by 
spraying with potassium ferro-ferricyanide reagent (3) and observ- 
ing under UV (254 nm)]. Fractions 54-64 [eluting solvent consisted 
of chloroform-methanol (4:1)] were combined and evaporated to a 
residue under nitrogen. The residue was extracted with chloro- 
form, and the extract was treated with hydrogen chloride gas. A 
white solid precipitated immediately. The solvent was decanted, 
and the solid was dried under nitrogen. The solid was fractionally 
crystallized and recrystallized in a mixture of methanol-ether- 
heptane (9:l:l) to give fine, white needles of 11. GLC and TLC 


'OThe percent of chloroform in benzene was increased from 0 to 100 fol- 
lowed by increasing the percent of methanol in chloroform from 0 to 100 
during the fractionation procedure. 


(System I) analyses as described revealed I1 to contain about 3% 
111. The total yield of I1 was 187 mg (3.7% yield). 


RESULTS AND DISCUSSION 


The complete lack of I1 in the chemical reduction of I prompted 
the consideration of a biosynthetic route as a means of preparing 
the metabolite. Pilot studies on the dog and guinea pig allowed es- 
timates to be made of concentration levels of both free and conju- 
gated I and I1 (Table I). Only minor amounts of free I were present 
in the urine of the dog, with a korrespondingly high level of conju- 
gated I in the early collections. The very active conjugation step 
(probably glucuronidation) along with an absence of I1 could ac- 
count for the short biological half-life of naltrexone in the dog ( t 1 / 2  
= 2 hr) (4) as compared to humans ( t l l z  = 12 hr) (5). 


The results of the study on the rat were inconclusive for the 
presence of 11. Both free and conjugated I were detected in the 
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Figure I-Gas chromatogram of pentafluoropropionic anhy- 
dride derivatives of 6&hydmxynaltrexone (11) isolated from the 
guinea pig and human (top) and 6a-hydmxynaltrexone (111) 
and naltrexone ( I )  (bottom). The internal standard was tetra- 
phenylethylene (TPE) . 
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Figure 2-IR spectra of 6a- and 6p-hydroxynaltrexone. 


urine. A small peak corresponding to the retention time of I1 was 
present in the gas chromatogram of unhydrolyzed rat  urine ex- 
tract. However, the relative concentration over background in the 
control sample made detection equivocal. 


Free and conjugated I and I1 were present in the urine of the 
guinea pig. The level of free I1 was comparable to conjugated I 
while the level of free I was somewhat less than that of conjugated 
11. These results were encouraging, and use of the guinea pig as a 
preparative vehicle proved successful. Compound I1 was stereospe- 
cifically produced as a metabolite of I, isolated, and purified by 
chromatography to give pure crystalline needles of the hydrochlo- 
ride. 


The purity of I1 was evaluated by TLC (Systems I and 11) and 
GLC (Fig. 1). The presence of about 3% 111 was confirmed by both 
techniques. A close separation of I1 and 111 can be achieved on 
TLC (System I) using small samples. Incomplete derivatization 
with pentafluoropropionic anhydride was characteristic for 111 and 
can be used beneficially for GLC identification. The lack of com- 
plete derivatization of 111 as opposed to I1 is probably explained by 
the lesser accessibility of the Ga-hydroxy gr.oup for derivatization. 
Inspection of Dreiding models of I1 and 111 indicated that the 6a- 
hydroxy group of I11 (axial position, chair form) is probably hydro- 
gen bonded to the furan oxygen and that the Ga-hydroxy group is 


more sterically hindered by the surrounding ring system than that 
of I1 (equatorial position, chair form). 


The origin of I11 in I1 was questioned as possibly being an arti- 
fact of the isolation procedure. To address this problem, the ratio 
of I1 to 111 was monitored through the purification process. Since 
the ratio remained essentially unchanged, it was concluded that 111 
was a metabolite. 


The GLC chromatograms of the pentafluoropropionic anhydride 
derivatives of I, I1 (obtained from human and guinea pig), and 111 
are presented in Fig. 1. The internal standard, tetraphenylethy- 
lene, was included for comparison of relative retention times. The 
metabolite from humans (1) and guinea pig had the same retention 
time and are resolved from I and I11 when cochromatographed. 


The IR spectra of the epimers, I1 and 111, are shown in Fig. 2. 
The characteristic lack of the carbonyl band (1730 cm-') found in 
I is conclusive evidence for the reduction of the carbonyl bond. 
The fingerprint regions (910-1430 cm-l) of I1 and 111 differ con- 
siderably and provide an extra means of identification of the me- 
tabolite. 


The mass spectra of I1 and I11 are shown in Fig. 3. As expected, 
the pattern of fragmentation is quite similar. The loss of a hydroxy 
group (M+ -17) is typical for the reduced form, and other easily 
identifiable fragmentations are indicated. In addition, Fig. 3 con- 
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Figure 3- Mass spectra of 601- and 60-hydroxynoltrexone. 


tains the high-resolution mass spectral analysis of the molecular 
ion of 11 at  mle 343 and confirms the structural assignment. 
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Isolation and Partial Characterization of 
Toxins from the Dinoflagellate Gymnodiniurn breve Davis 


M. ALAM *'I, N. M. TRIEFF *=, S .  M. RAY *, and 
J. E. HUDSON 6 


Abstract Three neurotoxins were isolated from unialgal cul- 
tures of the dinoflagellate Gymnodinium breve Davis. Of the three 
toxins, only one toxin (TI) has hemolytic activity. The major toxin 
(Tz), in chromatographically pure form, appears to have a molecu- 
lar weight of 725. The neurotoxin T2 has no antiacetylcholines- 
terase activity. 


Keyphrases Gymnodinium breve Davis-isolation and partial 
characterization of three neurotoxins 0 Dinoflagellate (Gymnodi- 
nium breve)-isolation and partial characterization of three neu- 
rotoxins Toxins-isolation from Gymnodinium breve, partial 
characterization 


The dinoflagellate Gymnodinium breve Davis has 
been reported to be responsible for the massive fish- 
kill associated with the so-called red-tide which oc- 
curs periodically along the west coast of Florida and 
the Gulf of Mexico. The dinoflagellate produces en- 
dotoxins which have been shown to be toxic to ma- 
rine as well as to laboratory animals (1-4). A number 
of workers have reported the isolation and partial 
characterization of toxin(s) from G. breve (5-9). The 
physiological actions of the crude and partially puri- 
fied toxin(s) have also been investigated (8, 10-12). 
Most reports about the purification indicate that the 
toxin(s) was contaminated with carotenoid(s). It is 
also significant that no two workers have reported 
the isolation of the same toxin from G. breve culture. 


For the past few years this laboratory has been 
studying G. breve toxins and now wishes to report a 
modified method for the isolation of three toxins 
from the ether extract of G .  breve culture. Some 
physical and physiological properties of the major 
toxin (Tz) are also reported. 


EXPERIMENTAL 


G. breve' was cultured in modified NH-15 medium by the meth- 
od of Gates and Wilson (13) and extracted by the method of Trieff 
et al. (7). The ether extract was evaporated to dryness in uacuo, 
and the residue was redissolved in a small volume of ether. Sus- 
pended particles were removed by centrifugation. The supernate 
was evaporated to dryness, and the residue was dissolved in 3 ml of 
benzene-ethyl acetate (2:l v/v). 


Column Chromatography-The G. breue extract in benzene- 
ethyl acetate (2:l v/v) was placed on a column (7.5 X 7.5 cm), 
which was prepared by packing with a slurry of silicic acid2 in ben- 
zene-ethyl acetate (2:l v/v). The column was developed with ben- 
zene-ethyl acetate ( 2 1  v/v, 360 ml, fractions 1-9) followed by ben- 
zene-ethyl acetate (1:l v/v, 360 ml, fractions 10-18) and finally 
with methanol (200 ml, fractions 19-23). In all, 23 fractions (40 ml 
each) were collected from column chromatography. 


Each fraction was concentrated to 3-4 ml in U ~ C U O  on a rotating 


1 The unialgal starter culture was obtained from the culture collection of 
Dr. W. B. Wilson, Moody College of Marine Sciences and Maritime Re- 
sources. Texas A & M University, Galveston, TX 77550 


2 SicAR 7GF for TLC, Mdinckrodt Chemical Works, St. Louis, Mo. 
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Figure 1-IR spectrum of G .  breve toxin T2 in carbon tetra- 
chloride. Concentration of T2 is approximately 5 g %; 0.1- 
mm K B r  cells were used with air as reference. The dotted line 
is the solvent; the solid line is the sample. Key:  (a), frequency 
range of  400&1200 cm-l; and (b), frequency range of 1300- 
400 cm -l. 


evaporator and spotted on a TLC plate to  check its purity. On the 
basis of TLC in Solvent Systems I and 11, fractions were combined 
to give a total of nine fractions. All column chromatography was 
carried out in the dark to avoid photochemical transformation. 


TLC-Glass plates (20 X 20 cm) coated with silicic acid3 (300 
and 500 Wm thickness) were used for qualitative and preparative 
work, respectively. Plates were activated for 0.5 hr a t  l l O o  just be- 
fore use. TLC was carried out in the dark for the reason mentioned 
before. The solvent system used was benzene-ethyl acetate (2:l 
v/v, Solvent System I; 1:1 v/v, Solvent System 11). Location re- 
agents used were 50% sulfuric acid, 1% aqueous potassium perman- 
ganate, and Dragendorff s reagent4. 


Combined fractions 7 and 8 were diluted with an equal volume 
of benzene and lyophilized and worked up to yield TI and T2, a 
mixture of the two toxins being present in both combined frac- 
tions. The light-yellow residue in each caae was dissolved in 2 ml of 
benzene and spotted on preparative TLC plates. The plates were 
developed in Solvent System 11. After drying, the end portions of 


Silica gel for TLC, D-5, Cam Inc., New Berlin, Wis. ' Dragendorff's reagent type Q?!R-D, Quantum Industries, Fairfield, N.J. 
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Table I-Weight, Rj Values, Toxicity, and Physiological Properties of t h e  Toxins from G. breue Davis 


Fraction Number 


Crude 1 2 3 4 5 6 7 8 9 Ti Tz 


Column chromatog- Benzenee thyl  acetate (2 : 1 v/v)  Benzeneethyl  acetate Meth- 
raphy eluting (1 : 1 v/v)  anol 
solvent 


Weight of toxin(s), 353.7 168.0 25.0 4 . 3  5.46 6 . 0  25.4 5.07 16.6 97.1 2 . 3  4 .3  
mg 


Phosphorus, % of 0.025 0,010 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.062 0.00 0.00 
weight 


R, X 100 in Solvent - 96, 90 90, 84 84, 71 71, 60 71, 60 43, 25 11, 08 08, 05 <05 08, 08, 
System I - 84, 71 71 43 12 05 05 05 


R ,  X 100 in Solvent 
System I1 74 70 42, 35 26, 08 


04, 00 


esterase activity 


- - - - 92, 85 85, 74 60, 50 42, 35 26, 20 42 35 - 


Antiacetylcholin- (-)" ( - )  (-1 (-) ( - )  (-1 (-1 -d -d  ( - )  ( - )  ( -1  
Hemolytic activityb, 100 ( - )  ( - 1  (-1 ( - )  ( - 1  ( - )  -d -d ( - )  25 ( - 1  


H W ,  Pg 


LDioa, m g / k  
Mouse toxicity, 5 .9  >10 >10 >10 >10 >10 >10 0.30 0.49 0.20 0.30 0.25 


Average of 15 column chromatography fractionations. Concentration of the toxin (in micrograms) that will produce 50% hemolysis of rabbit erythrocytes 
under the experimental conditions (16). c(  -) stands for a negative value in either antiacetylcholinesterase or hemolytic activity. d Was not determined be- 
cause fractions 7 and 8 had both toxins TI and Tz. 


the plates were sprayed with aqueous potassium permanganate 
and with water. The regions reacting positive with potassium per- 
manganate [yellow spot on a pink background, Rf 0.42 (Ti) and 
0.35 (Tz)] and water [dense spot on a translucent background, Rf 
0.42 (TI) and 0.35 (T:!)] were scraped off and eluted with benzene- 
ethyl acetate (1:l v/v). The eluate was concentrated in uacuo, di- 
luted with benzene, and lyophilized. The procedure was repeated 
until the eluate gave a single compact spot on a TLC plate. 


Physiological and Physical Testingb-Phosphorus was deter- 
mined by the method of Mason et al. (14) and Bartlett (15). The 
effect of crude and purified toxins and fractions 1-6 and 9 on 
human blood serum cholinesterase activity was determined by a 
spectrophotometric method6. Hemolytic activities of the crude and 
purified toxins Ti and T:! and fractions 1-6 and 9 were determined 
by the method of Reich et al. (16). Toxicities to the mice of various 
fractions and crude and purified toxins Ti and Tz were determined 
by the method of Trieff et al. (7). 


Acid hydrolysis of toxin T:! (9.0 mg) was carried out by refluxing 
toxin T:! in 50 ml of 2 N hydrochloric acid in methanol at 70° for 9 
hr. After hydrolysis, the methanol was removed by distillation and 
the hydrolysate was partitioned between equal volumes of water 
and ether. The ether layer was separated and evaporated to dry- 
ness in uacuo. The residue was spotted on a TLC plate, which was 
then developed in Solvent System 11. 


RESULTS AND DISCUSSION 


Table I shows the Rf values and weights of combined fractions 
1-9. Only fractions 7, 8, and 9 were found toxic to mice7. Fractions 
7 and 8, by repeated preparative TLC, gave toxins Ti and T2 with 
Rf values of 0.42 and 0.35, respectively. Toxin Ta, contained pri- 
marily in fraction 9, was purified by column chromatography on si- 
licic acid2 and was eluted with 5% methanol in chloroform. Toxin 
T3 was contaminated with small amounts of pigment(s) and was 
not further characterized at this time. 


All three toxins were toxic to mice and appear to be neurotoxic 
in nature. The major toxin (Tz), a white amorphous powder, 
showed a molecular ion a t  m/e 725 in its mass spectrum. The ele- 
mental analysis5 of toxin T:! showed the following: C, 68.2; H, 8.1; 
N, 0.72; and 0, 22.6%. The IR spectrum of toxin Tz (Fig. 1) had 


Visible and UV spectra were recorded in methanol solution (c 86.5 X 
10-6 g %) on a Perkin-Elmer Coleman 124 spectrophotometer. The IR spec- 
trum was recorded in carbon tetrachloride (c 0.05 g/mU on a Perkin-Elmer 
337 grating IR s ctrophotometer A mass spectrum was recorded on a 
CEC21-11OB douEe-focusin instrment; the temperature was 380' and 
resolution was 8OO0 MIAM. hemental analysis was performed by Huffman 
Laboratories, Inc., Wheat Rid e, Colo. 


6 See Sigma Technical Bulfetin No. 420, Sigma Chemical Co., St. Louis, 
Mo. ' An LDlm of greater than 10 mghg was considered nontoxic. 


bands at  3000 (shoulder, CH unsaturated), 2895 (CH saturated), 
1740 and 1710 (carbonyl), and a strong absorption band between 
1120 and 1025 (C-0-C, tertiary amine) cm-'. The absence of 
any band in the 3700-3200-~m-~ region indicates the absence of 
hydroxy and primary or secondary amino groups. The UV spec- 
trum of the toxin Tz had absorption maxima at 260 (tM = 5.0 X 
lO3), 267, and 270 (EM = 3.8 X 103) nm. 


The unsaturated nature of the toxin is evident from its reaction 
with aqueous potassium permanganate and from its IR spectrum. 
The ether-soluble hydrolytic product of the toxin T2 gave a single 
spot (Rf  0.67) in Solvent System 11. The IR spectrum of the hydro- 
lytic product has a strong absorption at  3300 (0-H or N-H 
groups) and a weak absorption at  1750 (C=O group) cm-I. On the 
basis of the IR spectrum of the ether-soluble hydrolytic product, it 
is evident that of the total oxygens in toxin Tz, a t  least two are 
present in a lactone ring or in an ester bond. 


I t  may be noted from Table I1 that the present toxin Tz is simi- 
lar to the toxin T:! of Spiegelstein et al. (9) and substance I1 of 
Martin and Chatterjee (6) in its hemolytic activity. The present 
toxin T2 is different from the toxin Tz of Spiegelstein et al. (9) in 
antiacetylcholinesterase activity but is similar to substance I1 of 
Martin and Chatterjee (6), who also reported the absence of antia- 
cetylcholinesterase activity in their major toxin. However, the 
toxin T:! now reported differs from the substance I1 of Martin and 
Chatterjee (6) in that it has no phosphorus. The physicochemical 
parameters of this toxin T:! appear to be similar, although not 
identical, to those of ciguatoxin as described by Scheuer et al. (17), 
i.e., IR bands at  3390 and 1742 cm-I, UV absorption at 270 nm, no 
phosphorus, and Dragendorff positive. It is possible that certain 
species of marine life (grouper fish, moray eel, etc.) may take on 
toxins from a blue-green algae similar to G. breue toxins as has 
been previously postulated (18,19) either directly through the gills 
or indirectly in the food chain. Toxins such as Tz may thus be 
transformed by metabolic processes into ciguatoxin. 


CONCLUSIONS 


By a combined method of column chromatography and TLC, 


Table 11-Physiological Properties of G. breue Toxins 


Toxin T, -~~~~~ ~ 


Substance I1 Tz of Present 
of Ref. 6 of Ref. 9 Study 


( -1  


N o t  given ( - )  Phosphorus ( + I  
Nitrogen (-1 N o t  given (+) 


Hemolytic activity N o t  given ( - )  
Antiacetylcholin- esterase activity ( - ) (f) ( - 1  
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three neurotoxins were isolated from unialgal cultures of the dino- 
flagellate G. breve Davis (the red-tide organism). Of the three tox- 
ins as assayed in mice, only one (Ti) has hemolytic activity. None 
of the toxins possesses antiacetylcholinesterase activity. The major 
toxin (Tz) appears to have a molecular weight of 725. This toxin is 
unsaturated and has no hydroxy groups, but it possesses a nitrogen 
(Dragendorff positive). The toxin has a t  least two oxygens in a lac- 
tone ring or in an ester bond. The physicochemical and toxicologi- 
cal properties of the toxin T2 were contrasted with toxins isolated 
by other workers. Ciguatoxin may be a metabolic product of the 
major toxin T2 or a closely related substance from blue-green 
algae. 
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Determination of Sigma and Pi 
Constants of Quinolinium Acid Derivatives 


FOTIOS M. PLAKOGIANNIS 


Abstract 0 The apparent partition coefficients of 10 quinoline 
monocarboxylic acid derivatives in a chloroform-water system 
were determined. From these data, Hammett’s u and Hansch’s r 
values were calculated. 


Keyphrases Quinolinium acid derivatives-partition coeffi- 
cients in chloroform-water system, sigma and pi constants 0 Par- 
tition coefficients-10 quinoline monocarboxylic acid derivatives 
in chloroform-water system, sigma and pi constants Sigma con- 
stants-quinolinium acid derivatives Pi constants-quinolinium 
acid derivatives 


By using Hammett’s (1) equation (Eq. l), consider- 
able information concerning the effects of substitu- 
ents on the reaction of given groups in the benzene 
series is available: 


log k - log k ,  = up (&. 1) 


where k is the rate or equilibrium constant for reac- 
tions of the substituents, ko is the corresponding rate 


or equilibrium constant of the unsubstituted com- 
pound, u measures a change in electron density pro- 
duced by a substituent, and p measures the suscepti- 
bility of the reaction in question to changes in elec- 
tron density. The application of the Hammett equa- 
tion has been relatively limited in heterocyclic com- 
pounds due to the presence of heteroatoms which 
themselves are capable of producing changes in elec- 
tron density (2-8). 


Furthermore, Hansch defined 7r as: 
x = log P, - log P” (Eq. 2) 


where PH is the partition coefficient of a parent com- 
pound, and P, is the partition coefficient of a deriva- 
tive. It was shown by Hansch et al. (9-11) that a sub- 
stituent constant, ?r, patterned after the Hammett u 
constant, was useful in evaluating the lipohydrophilic 
character of a molecule upon which biological activity 
is dependent. 
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EXPERIMENTAL 


All adducts listed in Table I were prepared by the following pro- 
cedure as exemplified by 1,3-di-(2-furyl)-3-(p-bromomercapto)- 
propan-1-one. 


p-Bromothiophenol (5.0 g, 0.0264 mole) was added to 5.0 g 
(0,0265 mole) of 1,3-di-(2-furyl)-2-propen-l-one in 100 ml of etha- 
nol, followed immediately by 5 drops of the catalyst triethylamine. 
After refluxing for 2 hr on a steam bath, the solution was cooled. 
The precipitate that formed was collected and recrystallized from 
ethanol-water to give a white crystalline material, mp 90-9lo, in 
almost quantitative yield. 


Anal.-Calc. for C17H1zBr03S: C, 54.12; H, 3.47; Br, 21.18; S, 
8.48. Found: C, 53.81; H, 3.42; Br, 21.02; S, 8.61. 


Other intermediates used were 1-(2-furyl)-3-(2-thienyl)-2-pro- 
pen-1-one, 1-(2-thienyl)-3-(2-furyl)-2-propen-l-one, and 1,3-di- 
(2-thienyl)-2-propen-l-one. 
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Influence of Peroxide Impurities in 
Polyethylene Glycols on 
Drug Stability 


Keyphrases 0 Polyethylene glycols-peroxide impurity, cortico- 
steroid stability 0 Antioxidants-butylated hydroxytoluene, pro- 
pyl gallate Colorimetric assay-peroxide concentrations 


To the Editor: 


The poor stability of an experimental topical corti- 
costeroid formulated in polyethylene glycol 300 was 
found to be due to the high concentration of perox- 
ides in the vehicle. Removal of the impurity from the 
vehicle led to an increase in stability of the steroid at  
elevated temperatures. Boon and Mace (1) reported 
that degradation of tripelennamine hydrochloride in 
polyethylene glycol 300 was dependent on the con- 
centration of ethylene oxide in polyethylene glycol; 
when the concentration of ethylene oxide exceeded 
0.1%, there was measurable loss of the active constit- 
uent. 


Higher molecular weight polyethylene glycols and 
polyethylene glycol esters, ie., polyethylene glycol 
400, polyethylene glycol 1500, and polyethylene gly- 
col 6000 distearate, used to solubilize the steroid be- 
fore its incorporation into an ointment formulation 
(petrolatum base), all contained peroxides as impuri- 


ties and the steroid showed poor stability. Except for 
one sample of polyethylene glycol 1500, samples of 
polyethylene glycols from different manufacturers all 
contained peroxides. In one instance, a small quanti- 
ty of hydrogen peroxide had been added by the man- 
ufacturer to maintain a water-clear product. 


Although the identities of the peroxides present as 
impurities were not determined, they are believed to 
consist of various organic peroxides rather than hy- 
drogen peroxide per se. The concentrations of perox- 
ide in polyethylene glycols of different molecular 
weights and polyethylene glycol 6000 distearate are 
reported in Table I. In the colorimetric assay used, 
the glycol sample was added to an acidified potassi- 
um iodide solution and the iodine liberated was ti- 
trated against standard thiosulfate solution. 


The level of peroxide in polyethylene glycols in- 
creased with aging. Studies in these laboratories 
showed that the presence of selected antioxidants 
and water (5-10%) in the vehicle helped to decrease 
the concentration of peroxides. Thus, of eight antiox- 
idants tested, butylated hydroxytoluene and propyl 
gallate were the most successful in this respect, and 
pretreatment of the vehicle with 0.005-0.05% of ei- 
ther agent was effective. The decomposition of perox- 
ides under the influence of water or antioxidants was 
slow at room temperature but was accelerated by 
heating. Both the concentration of antioxidant and 
the duration of heating (60-80O) required for the re- 
moval of peroxide were dependent on the initial con- 
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Table I-Peroxide Concentrations in 
Polyethylene Glycols 


Poly- 
Poly- Poly- Poly- ethylene 


Manu- Glycol Glycol Glycol 6000 Di-  
facturer 300a 4OOa 1500b stearate* 


ethylene ethylene ethylene Glycol 


I 1 . 4  3 .24  <o .01 1.97 
I1 4 .86  3 .95  4 .26  N.T.r 


I11 9 . 3  5 . 7  N.T. 1 .92d 


Microequivalents of thiosulfate per milliliter of glycol. b Microequiva- 
lents of thiosulfate per gram of glycol. N.T. = not tested. Additional 
vendor. 


centration of peroxide. The presence of water in the 
formulation helped prevent any further production 
of peroxide. 


Some of these observations were substantiated by 
McKenzie (2), who studied peroxide formation and 
decomposition in triethylene glycol. Azaz e t  al. (3) 
employed antioxidants to stabilize benzocaine hydro- 
chloride in cetomacrogol solutions containing perox- 
ide impurities. 


The reaction of trace metals in the polyethylene 
glycols with propyl gallate to form colored reactants 
was prevented by the inclusion of a small quantity of 
a chelating agent, e.g., 20 ppm of ethylenediaminete- 
traacetic acid. Since all polyethylene glycols used in 
these studies contained less than 0.01% ethylene 
oxide, it is suggested that the reported (1) instability 
of tripelennamine hydrochloride in polyethylene gly- 
col 300 may have been due not only to the presence of 
ethylene oxide in the formulation but also the pres- 
ence of peroxides. 


We recommend the use of only the highest quality 
polyethylene glycols in formulations, a determination 
of the stability of the active constituent in glycols 
under elevated temperature conditions (to assess the 
effect of pretreating the vehicle with antioxidants at 
elevated temperatures), and, finally, the incorpora- 
tion of a small percent of water in the formulation. 


(1) P. F. G. Boon and A. W. Mace, J .  Pharm. Pharrnacol., 
Suppl., 20.328(1968). 


(2) D.  A. McKenzie, “A Study of Peroxide Formation and De- 
composition in Certain Glycol Systems,” Technical Service Report, 
Union Carbide Corp., Tarrytown, N.Y., Feb. 1970. 


(3) E. Azaz, M. Donbrow, and R. Hamburger, Pharm. J., 211, 
15(1973). 


James  W. McGinity 
School of Pharmacy 
Texas Southern University 
Houston, T X  77004 


J o h n  A.  Hill 
Anthony  L. L a  Via  
Pharmaceutical Research & Development 
Squibb Institute for Medical Research 
New Brunswick, NJ 08902 


Received September 19,1974. 
Accepted for publication November 4,1974. 
The authors thank Mr. Peter Valatin of the Squibb Institute for 


Medical Research, New Brunswick, N.J., for the peroxide evalua- 
tion. 


To whom inquiries should be directed. 


Constituents of Cannabis sativa L. IX: 
Stability of Synthetic and  Naturally 
Occurring Cannabinoids in Chloroform 


Keyphrases 0 Cannabis satiua L.-stability o f  synthetic and nat- 
urally occurring cannabinoids in chloroform 0 Cannabinoids-sta- 
bility in chloroform 0 Marijuana-stability of synthetic and natu- 
rally occurring cannabinoids in chloroform Stability-synthetic 
and naturally occurring cannabinoids in chloroform 


To  the  Editor: 
A report from these laboratories demonstrated 


that chloroform was a more efficient solvent for ex- 
tracting cannabinoids from Cannabis satiua L. than 
benzene, pentane, hexane, petroleum ether, ethanol, 
acetone, and ether. Moreover, cannabinoids’ extract- 
ed with chloroform were stable at ambient tempera- 
ture for 144 hr (1). 


Recently, Parker e t  al. (2) reported that synthetic 
cannabidiol was unstable in spectrograde chloroform 
over an 8-day period. The authors stated that: “cau- 
tion should be exercised in the use of chloroform as a 
solvent for prolonged extraction and storage of can- 
nabidiol.” Since members of this research group (3- 
6) and others (7) have employed chloroform as an ex- 
tracting solvent and since a working group, sponsored 
by the United Nations2, on the chemistry of Canna- 
bis and its components recently recommended that 
the procedure developed in these laboratories be 
used worldwide, it seemed imperative that additional 
data be presented in support of chloroform as the sol- 
vent of choice for extracting cannabinoids from Can- 
nabis. 


The basic procedure utilized in these laboratories 
is as follows. Samples of Cannabis are extracted at  
ambient temperature with nanograde chloroform3 for 
1 hr4. After that time, the chloroform is removed in 
vacuo and an ethanolic solution containing a known 
amount of the internal standard, androst-4-ene- 
3,17-dione, is added. Therefore, by allowing 15 min 
for workup, each sample is exposed to chloroform for 
a maximum of 75 min. Thus, if synthetic and natural- 
ly occurring cannabinoids are stable in chloroform for 
75 min, chloroform, as previously recommended (1, 
7), would be the solvent of choice for extraction of 
naturally occurring cannabinoids found in crude drug 
preparations from C. sativa L. 


We wish to report results of a 3-month stability 
study using chloroform as the solvent for the fol- 
lowing: ( a )  synthetic cannabidiol, (-)-A8- and Ag- 
trans- tetrahydrocannabinols, AgJ l-tetrahydrocan- 
nabinol (exocyclic), and cannabinol; ( b )  an extract of 
female Mexican Cannabis grown in Mississippi 
(coded CMEF-71, ME-A); and ( c )  a synthetic mix- 


’ Combination cannabidiol-cannabichromene. ( -  )-19-trons- tetrahvdrw 
rannahinol, and cannabinol. 


United Nat,ions Document MNAR/9/1974. 
Mallinckrodt Chemical. One-aallon amher hottles are kent at arnhienf 


temperature, opened one at a timeas needed, and used with nGnimum expo- 
sure to air, etr. 


For details, see Refs. 1 and 4-6. Androst-l-ene-.?,l7-di~ine was first used 
as an internal standard by Davis et a!. ,  Lloydin. 33,453(1970). 


Vol. 64. No. 2, February 1975 / 357 








Determination of Sorbitol and Mannitol in 
Pharmaceuticals by GLC of Tris-n- Butyldiboronate Esters 


DAVID L. SONDACK 


Abstract 0 A rapid method for determining sorbitol or mannitol 
in pharmaceuticals by GLC using the tris-n- butyldiboronate es- 
ters is described. An internal standard unrelated to the hexitols is 
utilized to avoid the problems of cross-contamination introduced 
by the use of other hexitols. 


Keyphrases Sorbitol-GLC determination in pharmaceuticals 
using tris-n -butyldiboronate esters Mannitol-GLC determina- 
tion in pharmaceuticals using tris-n -butyldiboronate est- 
ers 0 GLC-determination, sorbitol and mannitol in pharmaceuti- 
cals using tris-n -butyldiboronate esters 


Sorbitol and mannitol have been used as artificial 
sweeteners in pharmaceutical preparations. The ana- 
lytical procedure described in the USP (1) is tedious 
and cumbersome because it involves column chroma- 
tography, periodate reaction, and iodometry. Deriva- 
tization of the hexitols to their hexaacetate deriva- 
tives facilitates analysis by GLC due to increased vol- 
atility (2), but the method is still somewhat time con- 
suming and the most suitable liquid phase found is 
unstable (3). The rapidity of silylation procedures 
does not provide a convenient assay since the com- 
mon hexitols are not resolved (4). 


Alkane boronic acids aid in the volatilization of 
various organic compounds (5) and have been shown 
to resolve the common hexitols (6). With the method 
presented here, the sorbitol or mannitol content of 
pharmaceutical preparations may be determined by 
GLC utilizing the n -butylboronic acid derivatives (I). 


EXPERIMENTAL 


Equipment-A gas chromatograph' equipped with a flame-ion- 
ization detector was used. The detector signal was fed to a comput- 
er2 for peak integration and to a I-mv recorder3 with a chart speed 
of 15 in./hr and a 1-sec full-scale response. Samples were injected 
with a 10-rl syringe4. 


Helium was used as the carrier gas, and electrolytic hydrogen 
and oxygen were used in the detector. The stationary phase, 2% 
OV-17 on 80-100-mesh Chromosorb G5, was packed in borosilicate 
glass columns, 1.22 m X 0.64 cm 0.d. All chemicals used were re- 
agent grade or the best quality available. 


Operating Conditions-The column was operated isothermally 
at 220' with the detector block and injection port a t  240'. The he- 
lium flow rate was 55 ml/min with an inlet pressure of 40 psi. The 
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Figure 1-Gas-liquid chromatogram of tris-n-butyldiboronate 
esters of mannitol (peak A) and sorbitol (peak B) and of m- 
diphenylbenzene, the internal standard (peak C). 


electrometer range was 100 with an attenuation of 8. Sample injec- 
tions between 1 and 5 p1 were made. 


Internal Standard-m -Diphenylbenzene, 2.5 mg/ml, in pyri- 
dine was used as the internal standard. 


Hexitol Analysis-Solutions (2.5 mg/ml) of reference standard 
sorbitol or mannitol were prepared in deionized water. Sample so- 
lutions were diluted volumetrically to provide approximately the 
same concentration. Aliquots of 1.00 ml were withdrawn and deliv- 
ered by pipet to a screw-capped vial and placed in a vacuum desic- 
cator over sodium hydroxide pellets or other suitable desiccant. 
After careful evacuation to avoid sample loss due to bubbling, the 
samples were allowed to stand in the desiccator overnight. 
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Figure 2-Linearity of response of mannitol (0) and sorbitol 
(0) with concentration (conditions as in  text). 
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Table I-Determination of Sorbitol and Mannitol in  
Various Samples 


Milligrams Sorbitol Mannitol 
Sample Taken Found, mg Found, m g  


Sorbitol 
1 34.2 30.6 3 . 7  


33.7 30.2 3.6 
31.6 28.3 3 . 3  
29.9 26.8 3 .2  
30.8 27.6 3 .4  
30.4 27.2 3 . 3  


Mannitol 
1 36.5 3 . 6  32.7 
2 36.0 3 . 5  32.2 
3 33.4 3.3 39.9 
4 32.6 3 . 1  29.2 


Approximately 10 mg of n- butylboronic acid6 and exactly 1.00 
ml of internal standard solution were added to the dried samples. 
The reaction was completed almost immediately, and 1-pl portions 
were injected onto the column. 


RESULTS AND DISCUSSION 


The chromatogram shown in Fig. 1 is of the tris-n-butyldiboro- 
nate esters (6) of mannitol and sorbitol under the described condi- 
tions. No mannitol or sorbitol samples obtained were free of mutu- 
al contamination. It is advisable to observe the precaution offered 


6 Pierce Chemical Co. 


by Eisenberg (61, i.e., to ascertain the purity of the n- butylboronic 
acid reagent by GLC of a pyridine solution on the OV-17 column 
a t  92’. It follows, then, that excess reagent elutes with the solvent 
front during hexitol analysis. The reagent used here was essential- 
ly free of any impurities. 


The response of the analytical system was linear to a concentra- 
tion four times that described in Fig. 2. The residual standard de- 
viations calculated for five replicate samples of mannitol and sor- 
bitol, analyzed separately, were both 51.2% (Table I). These 
values compare favorably with those using the method of Manius 
et al. (3). The advantages of this method are the ease of derivatiza- 
tion, the shorter analysis time, and the greater thermal stability of 
the liquid phase. 
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Chemistry of Nonaqueous Titration of Chlorpromazine 


SOBHI A. SOLIMANX, HASSAN ABDINE, and 
NASHAAT A. ZAKHARI 


Abstract 0 The chemistry of the red color formed during perchlo- 
ric acid titration of chlorpromazine hydrochloride in acetic acid in 
the presence of mercuric acetate is discussed. Addition of ascorbic 
acid prevents the color formation and allows titration using a crys- 
tal violet end-point. Ascorbic acid addition also sharpens the po- 
tentiometric end-point. Ascorbic acid and its oxidation product, 
dehydroascorbic acid, being neutral to  perchloric acid, do not in- 
terfere with the titration. 


Keyphrases 0 Chlorpromazine hydrochloride-chemistry of non- 
aqueous titration, method proposed, compared to official methods 


Nonaqueous titration-chlorpromeine hydrochloride, chemis- 
try Titration, nonaqueous-chlorpromazine hydrochloride, 
chemistry 


Chlorpromazine hydrochloride, a phenothiazine 
derivative, is extensively used as a psychopharmaco- 
logical agent in various dosage forms. Chlorpromazine 
hydrochloride is official in the USP XVIII ( l) ,  the 
BP 1963 (2), and the BP 1968 (3) as a pure compound 
and as injection and tablet dosage forms. 


The pure compound is titrated potentiometrically 
in glacial acetic acid medium, according to the USP 
XVIII and the BP 1963, and in acetone using methyl 


orange indicator according to the BP 1968. The injec- 
tion is assayed spectrophotometrically in the three 
compendia. In the BP 1968 and the BP 1963 meth- 
ods, the injection solution is diluted with 0.1 N hy- 
drochloric acid solution to a suitable concentration 
and then the absorbance is measured directly. In the 
USP XVIII method, several extraction processes are 
carried out before measurement. 


Tablets are determined spectrophotometrically ac- 
cording to the USP XVIII and the BP 1968. The BP 
1963, however, recommends the titration of chlorpro- 
mazine hydrochloride content of tablets against stan- 
dard ceric ammonium sulfate solution. 


DISCUSSION 


Several methods of analysis have been proposed for chlorproma- 
zine hydrochloride involving gravimetry, titrimetry, spectroscopy, 
colorimetry, and chromatography. Spectrophotometric and colori- 
metric methods include the estimation of chlorpromazine in bio- 
logical fluids (4) by measuring the red color produced by concen- 
trated sulfuric acid. Colorimetric determination of chlorpromazine 
in tablets containing methampyrone [sodium (antipyrinylmethyl- 
amino)methanesulfonate] was reported (5). 


A method using acid indicator dyes was suggested (6) for the de- 
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Systems Approach to Study of Solute Transport across 
Membranes Using Suspension Cultures of Mammalian 
Cells 111: Steady-State Diffusion Models 


J. S. TURI*", N.  F. H. H o t ,  W. I. HIGUCHI*, and 
C. SHIPMAN, Jr.4 


Abstract General physical models are derived for the diffusion- 
al transport of drugs across membranes of mammalian cells in cul- 
ture suspension. These models represent different sets of possible 
physical processes taking place during the transport of a drug mol- 
ecule. Once the diffusing species reaches the cell barrier, it may 
gain entrance to the cell kinetically by one of the principal quasi- 
steady-state mechanisms, all of which assume the cell membrane 
to be an integral part of the total barrier. 


Keyphrases Transport mechanisms-eight steady-state diffu- 
sion models derived and discussed, membranes using 'suspension 
cultures of mammalian cells 0 Diffusion models-eight steady- 
state models derived and discussed, membranes using suspension 
cultures of mammalian cells 0 Drug transport-studied using sys- 
tems approach, across membranes using suspension cultures of 
mammalian cells, eight steady-state diffusion models derived and 
discussed 0 Solute binding-systems approach, drug transport 
across membranes using suspension cultures of mammalian cells, 
eight steady-state diffusion models derived and discussed 


In recent years, considerable effort has been di- 
rected toward the understanding of the mechanism 
of drug transport across membranes. Numerous ex- 
perimental systems including cell cultures have been 
used to study membrane transport. It is felt that 
these cell systems provide the means to quantify drug 
metabolism, distribution, and bioavailability a t  the 
site of drug action. 


Requisites for quantitative, mechanistic approach- 
es to scientific understanding are the simultaneous 
development of sound, theoretical physical models 
and the establishment of experimental systems that 
are accessible to rigorous analysis by physicochemical 
techniques. 


This paper discusses some general physical models 
for the diffusional transport of drugs across mem- 
branes of cells in culture suspension; they represent 
extensions of some earlier models (1-3). These mod- 
els provide the quantitative interrelationships among 
the variables important to the transport of drug mol- 
ecules across cell membranes. They also provide the 
basis for the design and analysis of experiments and 
the foundation for development of new physical mod- 
els. The use of these physical models with the experi- 
mental data is intended to describe the nature of the 
transport barriers, the kinds of species transported, 
and whether, where, and how much solute binding 
occurs. These models assume that the aqueous diffu- 
sion layer has a negligible effect on the transport 
rate. 


PHYSICAL MODELS 


The eight physical models, each designed to represent different 
sets of possible physical processes, are: 


MODEL 1. Rapid equilibration in the heterogeneous cell interior 
in which no binding of the drug molecule to components outside 
the cell occurs. 


MODEL 2. Rapid equilibration in the heterogeneous cell interior 
in which binding of the drug molecule to components outside the 
cell occurs. 


MODEL 3. Rapid equilibration of the drug in the heterogeneous 
cell interior with an instantaneous, irreversible binding of the drug 
molecule to the cell plasma membrane a t  initial time. 


MODEL 4. Rapid equilibration of the drug in the heterogeneous 
cell interior accompanied by reversible, instantaneous binding of 
the drug molecule to the cell plasma membrane. 


MODEL 5. Rapid equilibration of the drug in the heterogeneous 
cell interior accompanied by reversible, instantaneous binding of 
the drug molecule to the cell plasma membrane followed by the 
permeation of both the unbound drug and the membrane-bound 
drug through the plasma membrane. 


MODEL 6. Simultaneous transport of two drugs, each rapidly 
equilibrated in the heterogeneous cell interior in which neither 
binds to components outside the cell. 


MODEL 7. Simultaneous trahsport of two drugs, each rapidly 
equilibrated in the heterogeneous cell interior in which one binds 
to the plasma membrane by the conditions in Model 4. 


MODEL 8. Rapid equilibration in the aqueous environment in 
the cell, with slow simultaneous permeation of the drug into the 
cytoplasmic bodies and the nucleus. 


A schematic diagram of the cell used for the development of 
these models is shown in Fig. 1. 


Model 1-In Model 1 the plasma membrane is rate limiting for 
the diffusion of nonionic molecules. 


Assuming that adsorption is negligible, the quasi-steady-state 
rate of uptake of a drug by a cell can be described by: 


(Eq. 1) 


where P is the intrinsic permeability coefficient of the plasma 
membrane, Ci is-the total drug concentration in the cell, a is the 
cell radius, Co is the drug concentration in the external medium, 
and K is the intrinsic partition coefficient. In reality, K is an ap- 
parent partition or distribution coefficient encompassing all inter- 
actions and may be considered equal to the total drug bound, par- 
titioned, unbound, or otherwise distributed in the cell at equilibri- 
um divided by nViCo.,, where Vi is the volume of the cell. Since V, 
= (%)*a3, Eq. 1 becomes: 


d t  (I 


Mass balance of the drug requires that: 


T = CoVo + nV,C, 


(Eq. 2 )  


(Eq. 3)  


where T is the total amount of drug in the system, n is the number 
of cells, and VO is the volume of the external medium. Equation 3 
is only applicable to a system with a narrow cell volume distribu- 
tion, as is the case with the Burkitt lymphoma cells; otherwise, the 
cell volume distribution should be considered. 


By solving Eq. 3 for Co, substituting into Eq. 2, and integrating 
between C, (0) = 0 and Ci f t ) ,  the solution for Model 1 is: 
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where A = (T/Vd,  and B = (nVi/Vd + (11K). 


Eq. 4 to give: 
The Model 1 uptake function (UF1) is defined by rearranging 


where the factor 60 is necessary for determining the permeability 
coefficient in units of centimeters per second from the slope of the 
linear regression line of the UF1 uersus time (in minutes) plot. 


For initial rates, Eq. 4 reduces to: 


Thus, the intrinsic permeability coefficient, P, can be obtained 
from the initial slope of the C, uersus time plot or from the plot of 
Eq. 5 when K is known. The intrinsic partition coefficient, K, can 
be experimentally obtained from the equilibrium condition, i.e., 
when (dCildt)r=, = 0; thus: 


(Eq. 7) 


The intrinsic permeability coefficients may also be determined by 
the nonlinear regression analysis of Eq. 4. 


Model 2-This model considers any drug binding to serum used 
in the external medium of the cell suspension system (Fig. 2). 
Equations 1-4 should be modified as follows. 


The total concentration of drug in the aqueous medium is: 


C".T = co + co* (Eq. 8) 


where CO,T is the total drug concentration in the external phase, 
and CO and CO* are the concentrations of unbound and bound 
drug in the external phase, respectively. The Langmuir adsorption 
isotherm is assumed: 


where kl represents the fraction of sites occupied, and k2 indi- 
cates the maximum amount that can be adsorbed. In the limit 
where kl is very small such that l l k l  is much greater than C,. 


Co* = klkzC, (Eq. 10) 


where klk2 is the linear adsorption constant of the serum-bound 
drug. This condition can also be expressed as shown here in 
Scheme I. 


Kh 
drug + serum drug-serum 


Scheme I 


Therefore, the equilibrium binding constant is: 


whereupon, with Eq. 8 


C",T = C&l + ko) (Eq. 12) 


where k o  is equal to K,,(S) by definition, K,, is the binding con- 
stant, and (S) is the serum concentration. 


After substituting Eq. 12 into Eq. 2, the following rate expres- 
sion for Model 2 is obtained: 


The effective partition coefficient is: 


C YTOPL ASMlC M A T R I X  


CYTOPLASMIC BODY 


NUCLEAR MEMBRANE 


PLASMA M E M B R A N E  


NUCLEUS 


N U C  LEO1 US 


NUCLEAR PORE 


Figure 1-Schematic description of a spherical cell of radius a 
in a viable cell culture suspension for the passive transport of 
nonelectrolyte drugs. In  Models 1-7, the plasma mernbranc is 
the only rate-determining barrier. In Model 8, bath the plasma 
membrane and membranes of the cytoplasmic bodies and 
nucleus are rate-determining barriers. 


and the effective permeability coefficient is: 


It is assumed in Eq. 15 that only the unbound drug is the mem- 
brane permeable species. 


By means of Eqs. 14 and 15, the equilibrium serum-drug bind- 
ing constant, Kb. can be calculated. For example, a plot of PIP, 
uersus percent of serum gives an intercept of unity and a slope 
equal t o  Kb. If the intrinsic permeability coefficient cannot be 
readily obtained or there is some uncertainty, then the analysis 
can be performed by choosing the permeability coefficient a t  a 
serum level as the reference. Thus, when choosing the permeability 
coefficient a t  30% serum as the reference, a plot of P:3o/P, uersus 
percent of serum gives a slope equal to Kbl[l + Kb(0.3)] and an in- 
tercept equal t o  1/[1 + Kb(o.3)]. 


By using the mass balance expression: 


T = C,,TV, + nC,V, (Eq. 16) 


the solution to Eq. 13 is: 


(Eq. 17) 


where R' = (nVi/Va) + (l/Ke). The mathematical form is the same 
as Eq. 4 except that  effective parameters are involved instead of 
intrinsic parameters because of the binding of the drug to the 
serum in the external medium. 


Equations 14 and 15 are important, because they allow one to 
calculate the intrinsic permeability of the membrane from the ef- 
fective permeability coefficients in the presence of serum, which is 
necessary to maintain integrity of the cells for long periods. In 
turn, the intrinsic permeability coefficients can be used to quantify 
the effect of moiecular structure and functional group substituent 
modifications on membrane absorptivity. 


Model 3-This model assumes that  there is instantaneous, irre- 
versible drug binding to the plasma membrane followed by diffu- 


Figure 2-Model 2: Passive transport of unbound solute 
across the plasma membrane with rapid distribution in the 
heterogeneous cell interior and reversible binding of the salute to 
serum and other components in the external media. 
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Figure %Model 3: Passive transport of unbound solute 
across the plasma membrane with rapid distribution in the 
heterogeneous cell interior. There is an instantaneous, irrevers- 
ible binding of the drug molecules to the external cell plasma 
membrane at initial time. 


sion of unbound drug molecules through the plasma membrane 
(Fig. 3). The following general relationships are appropriate: 


A, = A, + A, 0%. 18) 
C, = AJV, (E.1. 19) 
C ,  = A,/V, (Eq. 20) 
T = nA, + A,, = nC,V, + CaV0 (Eq. 21) 


where T is the total amount of drug present, A, is the amount of 
drug in and on the cell, A, is the amount inside the cell, A, is the 
amount on the external surface of the cell, A0 is the amount out- 
side the cell, C, is the drug concentration in and on the cell, and C, 
is the drug concentration on the surface of the cell. The general 
mass balance relationships of Eqs. l a 2 1  are also applicable to  
Models 4 and 5. 


While it is an experimental reality that C,  as a function of time 
is readily accessible, one encounters the problem of handling the 
data to assess the membrane permeability and partition coeffi- 
cients clearly. This problem is resolved by the following mathe- 
matical treatment of this model. 


By utilizing Eqs. 18-21: 


c, = c, + c, (Eq. 22) 


and: 


dC, dC, 
dt dt 
_ = -  


where dC,/dt = 0 since C, is the concentration of drug adsorbed in- 
stantaneously a t  initial time and irreversibly on the external sur- 
face of the plasma membrane and, consequently, is independent of 
the drug concentration in the external medium and time. It follows 
that the fundamental Eq. 2 for the quasi-steady-state rate of drug 
uptake by a cell can be rewritten as: 


where: 


(Eq. 24) 


and B is as defined before. Integrating between the boundary con- 
ditions, C ,  = C, at time = 0 and C, (t): 


which, upon rearranging, gives the Model 3 uptake function: 


Before a plot of the uptake function uersus time (in minutes) 


Figure 4-Model 4: Passive transport of unbound solute 
across the plasma membrane with rapid distribution in the 
heterogeneous cell interior, There is an instantaneous, revers- 
ible binding of drug molecules to the external cell plasma 
membrane. 


can be made to calculate the permeability coefficient (in units of 
centimeters per second), the intrinsic partition coefficient must be 
found. Experimentally, the apparent partition coefficient, K,,, is 
readily determined and, in turn, it is related to the intrinsic parti- 
tion coefficient, K. Thus: 


or: 


Model 4-This model takes into account both the instantaneous 
and reversible drug binding to the plasma membrane and passive 
transport of the unbound drug molecule through the plasma mem- 
brane (Fig. 4). The concentration of drug bound to the cell surface 
is assumed to be proportional to the concentration of drug in the 
external medium: 


cs = KbmCa (Es. 3)) 


where Kbm is the plasma membrane-drug equilibrium adsorption 
constant. 


The uptake rate of drug into the cell interior is expressed by Eq. 
2. With Eqs. 21, 22, and 30 and their derivatives, it can be shown 
that: 


and: 


(Co - 2) = ( 1  + %)& - [ ( 1 +  %)% + a]Cc (Eq. 32) 


Consequently, Eq. 2 becomes: 


and its solution is: 


where: 


and C,,O is the cell concentration of the drug at zero time, which is 
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equal to the initial surface-adsorbed drug concentration. The 
Model 4 uptake function is: 


The drug-membrane adsorption constant may be found with 
the aid of Eqs. 20, 21, and 30 and from the extrapolation of a 4 
versus t plot to t = 0 to get A,,o: 


The apparent partition coefficient is determined from the equilib- 
rium transport conditions; thus: 


and, subsequently: 


K = K, ,  - Kbm 


Model 5-This model assumes that there is instantaneous, re- 
versible drug binding to the plasma membrane and diffusion of 
both the unbound drug and the membrane-bound drug through 
the plasma membrane (Fig. 5). The authors cannot readily see any 
possible experimental means by which Model 5 can be distin- 
guished from Model 4: however, it is presented for its academic in- 
terest. The transport of drug into the cell interior can be expressed 
by: 


(Eq. 41) 


When employing techniques similar to those in the derivation of 
Model 4, the change in the cell concentration of drug with time is: 


0%. 43) 
where: 


M = K b m ( l +  &)E 


and P and P,,, are the permeability coefficients of the unbound and 
membrane-bound solute, respectively; K ,  is the partition coeffi- 
cient of the membrane-bound solute; and the terms F, G,  E, and 
others have been previously defined. The solution is: 


The partition coefficients can be evaluated from the experimen- 
tal data by the similar procedure in Model 4 and are: 


Model 6-The next two models are useful for evaluating the si- 
multaneous uptake of two radiolabeled solutes. Model 6 assumes 
that both solutes diffuse independently and that each follows the 
conditions of Model 1 .  


Then, the rate of uptake of solutes A and B by a cell can be de- 
scribed by: 


(Es. 49) 


Figure &-Model 5: Passive transport of both the unbound 
solute and the external cell membrane-bound solute across the 
plasma membrane, with rapid distribution in the heterogeneous 
cell interior. The cell membrane-bound solute is also in equi- 
librium with the free solute concentration in the external media. 


and: 


where the definitions of the terms are the same as before and the 
subscripts A and B refer to the two solutes. With Eq. 2: 


and: 


and their second derivatives are: 


where: 


The integration of Eq. 53 and the application of the boundary con- 
ditions of C~,A = 0 at  t = 0 and C t , ~  = CL,~,eq at  t = yield: 


C,.A = c,,,,& - e+‘) (Eq. 57) 


In a similar manner: 


where C;,A.- and C ~ , R . ~ ~  are the equilibrium drug concentrations in 
the cell. By adding Eqs. 57 and 58: 


C,,(,++m - C ~ . ( A + E ~  - Cn,A,eqe-kA* - C~,B,&-~” (Eq. 59) 


Experimentally, the concentration of the two radiolabeled solutes 
in the cell, C~,(A+B), as a function of time and their equilibrium 
concentration, C ~ , ( A + B , ~ ,  are directly measurable. By utilizing the 
partition coefficients of solutes A and B from independent experi- 
ments and knowing the total amounts of each solute added, the 
equilibrium concentrations of each solute in the cells, C~,A,- and 
C ~ , B , ~ ,  can then be calculated, e.g.: 


(Eq. 60) 
TA 


C1.A.q = n v ,  + (Vo/KA) 
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Finally, the respective permeability coefficients can be determined 
from Eq. 59. 


Model 7-This model is similar to Model 6, except that solute A 
follows Model 4 and solute B follows Model 1. Accordingly, the so- 
lution for Model 7 is: 


where: 


3PAG 
kA' = a ( l  + K,,E) 


Introducing the boundary conditions of C,,sq = 0 and Cl.aq(m) = 
Ct,aq~, where C , , a q ~  is the equilibrium drug concentration in the 
aqueous interior of the cell, the solution is: (a. 62) -~ 


Model 8-This model analyzes the situation where the rate-de- 
terminine barrier to eauilibrium drue distribution in the monodis- ~~ - - 
persed cell suspension not only includes the plasma membrane but 
also the membranes of the cytoplasmic bodies within the cell. The and with Eq. 697 the derivative becomes: 
drug distributes instantaneously in the aqueous interior but per- 
meates slowly into the cytoplasmic bodies, including the nucleus. 


From Eqs. 2 and 3: 


@q. 63) Finally, by substituting Eqs. 73 and 67 into Eq. 64, the following 
second-order, nonhomogeneous differential equation is obtained: 


The differentiation of Eq. 63 gives: 
d F ,  3 P n V  dC, 
dt' avo dt 
-++-=-- ze(l - a,)Kt,,~,.a,E~e-b' (Eq. 74) 


0%. 64) dt2 
Integration from initial to equilibrium conditions yields: 


The distribution of drug within the aqueous cytoplasmic matrix 


where ai is the fraction of cytoplasmic bodies, (1 -, ai) is the frac- 
tion of the cytoplasmic aqueous matrix, Ci,aq is the unbound drug 
concentration in the aqueous cell interior, and Ci,cyt is the drug 
concentration in the various cytoplasmic bodies. The concentra- 
tion adsorbed, c,aq, in the aqueous interior is assumed to be linear 
with respect to the Langmuir isotherm; thus: 


where: 


C:aq = Kd,., 0%- 66) CONCLUSION 


where K ~ ,  is the linear adsorption 
and 66, it follows that: 


Together with Eqs. 65 Some physical models are derived for the diffusional transport 
of drugs across membranes of mammalian cells in culture suspen- 
sion. These theoretical models represent but a few of the many 
ways molecules can penetrate cells. To assign mechanisms, models 
such as these must be used to evaluate the data and to design ex- 
periments. The experimental sequel of this theoretical presenta- 
tion will demonstrate the usefulness of the physical model ap- 
proach, as will be seen in the transport of various sterols and cardi- 
ac glycosides into and out of Burkitt lymphoma cells in culture 
suspension. 


dC, dCn,aq dC,.c,t 
= (1 - a,)(l + K b , ) d t  + a,- dt (Eq. 67) 


The expression for the rate of transfer of drug from the aqueous 
interior of each cell into the cytoplasmic bodies is given by: 


and: 


where n; is the total number of cytoplasmic bodies with an average 
surface area, Si, possessing an average effective permeability coef- 
ficient, Pe,cytr and partition coefficient, Ke,+ The partition coeffi- 
cient K' is the ratio of Ci,aq to CO. A rigorous treatment of Eqs. 68 
and 69 should reflect the transport of the drug from the aqueous 
cytoplasmic matrix into the cytoplasmic bodies, summing over 
each kind of cytoplasmic bodies with each kind possessing a char- 
acteristic permeability and partition coefficient. However, since it 
is extremely difficult to determine experimentally the particular 
physical parameters within the cell with any degree of certainty, 
the average effect is taken as expressed here. 


Differentiating Eq. 68 and then using Eq. 69 lead to the fol- 
lowing result: 
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three neurotoxins were isolated from unialgal cultures of the dino- 
flagellate G. breve Davis (the red-tide organism). Of the three tox- 
ins as assayed in mice, only one (Ti) has hemolytic activity. None 
of the toxins possesses antiacetylcholinesterase activity. The major 
toxin (Tz) appears to have a molecular weight of 725. This toxin is 
unsaturated and has no hydroxy groups, but it possesses a nitrogen 
(Dragendorff positive). The toxin has a t  least two oxygens in a lac- 
tone ring or in an ester bond. The physicochemical and toxicologi- 
cal properties of the toxin T2 were contrasted with toxins isolated 
by other workers. Ciguatoxin may be a metabolic product of the 
major toxin T2 or a closely related substance from blue-green 
algae. 
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Determination of Sigma and Pi 
Constants of Quinolinium Acid Derivatives 


FOTIOS M. PLAKOGIANNIS 


Abstract 0 The apparent partition coefficients of 10 quinoline 
monocarboxylic acid derivatives in a chloroform-water system 
were determined. From these data, Hammett’s u and Hansch’s r 
values were calculated. 


Keyphrases Quinolinium acid derivatives-partition coeffi- 
cients in chloroform-water system, sigma and pi constants 0 Par- 
tition coefficients-10 quinoline monocarboxylic acid derivatives 
in chloroform-water system, sigma and pi constants Sigma con- 
stants-quinolinium acid derivatives Pi constants-quinolinium 
acid derivatives 


By using Hammett’s (1) equation (Eq. l), consider- 
able information concerning the effects of substitu- 
ents on the reaction of given groups in the benzene 
series is available: 


log k - log k ,  = up (&. 1) 


where k is the rate or equilibrium constant for reac- 
tions of the substituents, ko is the corresponding rate 


or equilibrium constant of the unsubstituted com- 
pound, u measures a change in electron density pro- 
duced by a substituent, and p measures the suscepti- 
bility of the reaction in question to changes in elec- 
tron density. The application of the Hammett equa- 
tion has been relatively limited in heterocyclic com- 
pounds due to the presence of heteroatoms which 
themselves are capable of producing changes in elec- 
tron density (2-8). 


Furthermore, Hansch defined 7r as: 
x = log P, - log P” (Eq. 2) 


where PH is the partition coefficient of a parent com- 
pound, and P, is the partition coefficient of a deriva- 
tive. It was shown by Hansch et al. (9-11) that a sub- 
stituent constant, ?r, patterned after the Hammett u 
constant, was useful in evaluating the lipohydrophilic 
character of a molecule upon which biological activity 
is dependent. 
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Table I-pK,,, Values of the Sodium Alkyl Sulfates of Some Esters of N-Methylquinolinium Acids 


p K , , ,  of Alkyl Sulfates 


N-Methyliodides of C9 ClO C*1 ClZ AC 
~ 


Quinoline 2.79 3 .24  3 . 7 8  4.20 3 . 5  
2-Ethyl ester quinoline carboxylic acid 3 . 6 2  4 .08  4 . 5 6  5 .03  4.33 


4-Ethyl ester quinoline carboxylic acid 4 .26  4.72 5 . 1 8  5 . 6 3  4.95 
3-Ethyl ester quinoline carboxylic acid 3 . 4 1  3 .89  4.90 4 .76  4 .10  


5-Ethyl ester quinoline carboxylic acid 3.87 4 . 3 9  4.97 5.57 4.70 
6-Ethyl ester quinoline carboxylic acid 3 .55  3 .98  4.40 4 .84  4.19 
6-Methyl ester quinoline carboxylic acid 3 .48  3 .93  4 . 3 5  4.80 4 . 1 4  
6-Propyl ester quinoline carboxylic acid 3.74 4 . 2 6  4 .76  5 . 2 4  4.50 
6-Butyl ester quinoline carboxylic acid 4.29 4 . 7 4  5 .26  5 . 7 6  5 . 0 1  
3-Propyl ester quinoline carboxylic acid 3 .41  3 .95  4.46 4.97 4 . 2 0  
3-Acetamido ester quinoline carboxylic acid 3 .95  4.38 4 .83  5 .30  4 .61  


The present investigation was confined to the de- 
termination of the apparent partition coefficients of 
the quinolinium acid derivatives and the calculation 
of the Hammett cr and Hansch P constants. 


EXPERIMENTAL 


Materials-The following were used: 2-ethyl-, 3-ethyl-, 4- 
ethyl-, 5-ethyl-, &ethyl-, 3-propyl-, 6-propyl-, &methyl-, and 6- 
butylquinolinic acids'; 3-acetamidoquinolinel; methyl iodidel; 
and chloroformz. 


Synthesis-The sodium alkyl sulfates were synthesized as .pre- 
viously described (12, 13). The syntheses of quinolinium acid de- 
rivatives are reported elsewhere (14). 


Determination of Apparent Partition Coefficient (Rap,)- 
The Kapp(s were determined by previously published methods (13, 
15-17). That is, initial studies had indicated that the alkyl sul- 
fates-N-methylquinolinium derivative salts exist as ion-ion-pair 
monomers in the organic phase. Therefore, a log-log plot of the 
concentration of ions in the chloroform phase would yield a slope 
of 2 with the Y intercept being equal to pK.,, according to Eq. 3: 


pK, , ,  + 2 log conceb,, = log ConcencHcI, (Eq. 3) 


By using Eq. 3, the pK.,, values of the various alkyl sulfates of the 
quaternary derivatives of the qumolinic acids were calculated 
(Table I). The wavelength of the maximum absorbance and the 
molar absorptivity for these compounds are listed in Table 11. 


RESULTS AND DISCUSSION 


The structures of the compounds listed in Table I were correlat- 


The pK,,, for the N-methylquinolinium alkyl sulfate was cho- 
ed by using the Hammett equation (Eq. 1). 


1.8 


1.6 1 
7 1.4 1 / 


0.2 


1 2 3 4 5 6 7 8  
c x 10-2 


Figure 1-Relationship between log K2/K1 and u for various 
quinolinium acid derivatives. K e y :  1, 3-COOC2Hj; 2, 6- 


6-COOC3H7; 7 ,  3-CONH2; 8, 5-COOCzH5; 9, 4-COOCzH5; and 
COOCH,; 3, 6-COOCzHj; 4 ,  3-COOC?Hs; 5 ,  2-COOCzHs; 6 ,  


10, 6-COOCzHb. 


K & K Laboratories. 
2 Matheson, Coleman and Bell. 
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sen to be ko, and the pK.,, for each N-methylquinolinium acid 
ester alkyl sulfate derivative was considered to be k. The p value of 
2.113, as reported by Albert and Phillips (181, was used. By using 
the pK.,, values reported in Table I, the Hammett function, u, 
was calculated for each compound. Good agreement was achieved 
as illustrated in Fig. 1. Quinoline-5- and 6-carboxylic acids esters 
may be regarded as substituted benzoic acids in which the fused 
pyridine ring is considered as a substituent. In the quinoline-2-, 3-, 
and 4-carboxylic acid esters, the fused benzene ring may be consid- 
ered as one substituent, and the electron-attracting ring nitrogen 
may be considered the second substituent. 


Hammett (1) showed that a linear relationship exists between 
equilibrium and rate constants for practically all side-chain reac- 
tions of benzene derivatives containing rneta- or para-substitu- 
ents. Furthermore, a condition for such a linear relationship is that 
there be no significant change in entropy of activation. However, 
despite these assumptions, it is interesting that such a linear rela- 
tionship exists (Fig. 1). 


Hansch and Fujim (11) used partition coefficients in connection 
with the Hammett equation to rationalize the substituent effect on 
the growth-promoting activity of the phenoxyacetic acids and the 
bactericidal action of chloramphenicol derivatives on various bac- 
teria. They showed that a substituent constant, T ,  patterned after 


Table 11-Wavelength of Maximum Absorbance and 
Molar Absorptivity of Some Esters of 
N-Methylquinolinium Acids 


Molar 
Absorp- 
tivity, 


N-Methyliodides of xmaX x 103 


Quinoline 235 4 .25  
2-Ethyl ester quinoline carboxylic acid 248 2.60 
3-Ethyl ester quinoline carboxylic acid 235 5 .60  
4-Ethyl ester quinoline carboxylic acid 237 2.70 
5-Ethyl ester quinoline carboxylic acid 232 4.66 
6-Ethyl ester quinoline carboxylic acid 245 3 . 7 0  
6-Methyl ester quinoline carboxylic acid 242 5 . 7 5  
6-Propyl ester quinoline carboxylic acid 246 3 .50  
6-Butyl ester quinoline carboxylic acid 246 3 .10  
3-Propyl ester quinoline carboxylic acid 246 3 . 0 8  
3-Acetamido ester quinoline carboxylic acid 238 4 . 2 5  


Table 111-Hansch T Values of Some Esters of 
N-Methylquinolinium Acids 


N-Methylquinolinium of 
T Con- 
stant 


2-E thy1 ester quinoline carboxylic acid 
3-Ethyl ester qunoline carboxylic acid 
4-Ethyl ester quinoline carboxylic acid 
5-Ethyl ester quinoline carboxylic acid 
6-Ethyl ester quinoline carboxylic acid 
6-Methyl ester quinoline carboxylic acid 


6-Butyl ester quinoline carboxylic acid 
3-Propyl ester quinoline carboxylic acid 


0 .09  
0 .07  
0 .15  
0 . 1 3  
0 .08  
0 . 0 8  
0.11 
0 .16  
0 . 0 8  
0 . 1 2  


6-Propyl ester quinoline carboxylic acid 


3-Acetamido ester quinoline carboxylic acid 







Table IV-pK,,, Values per Carbon Atom in Alkyl 
Sulfates of Some Esters of N-Methylquinolinium Acids 


N-Methyliodides of 


PKS,, 
Per 


Carbon 
Atom 


in Alkyl 
Sulfates 


2-Ethyl ester quinoline carboxylic acid 
3-Ethyl ester quinoline carboxylic acid 
4-Ethyl ester quinoline carboxylic acid 
5-Ethyl ester quinoline carboxylic acid 
6-Ethyl ester quinoline carboxylic acid 
6-Methyl ester quinoline carboxylic acid 
6-Propyl ester quinoline carboxylic acid 
6-Butyl ester quinoline carboxylic acid 
3-Propyl ester quinoline carboxylic acid 
3-Acetamido ester quinoline carboxylic acid 


0 . 4 7  
0.45 
0 . 4 6  
0 . 5 7  
0 . 4 3  
0 . 4 4  
0 . 5 0  
0 . 5 0  
0.52  
0 . 4 5  


the Hammett u constant, was useful in evaluating the lipohydro- 
philic character of a. molecule upon which biological activity is de- 
pendent (Eq. 2). 


By using the quinolinium methyliodide as PH and the different 
esters of quinolinium acids as P,, values for T were calculated 
(Table 111). 


The change in pK.,, per carbon atom in the alkyl sulfates of the 
esters of the quinolinium acid derivatives was found to have an av- 
erage value of 0.48 (range 0.43-0.57) (Table IV), which is in reason- 
able agreement with the value of 0.44 for each CH2 unit reported 
by Hansch et al. (11) and with the value of 0.46 reported by Plako- 
giannis (7). 
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Oral Absorption Efficiency of Acid-Labile 
Antibiotics from Lipid-Drug Delivery Systems 


SATISHCHANDRA P. PATEL” and CHARLES I. JAROWSKI 


Abstract 0 The utility of cholesterol, cholesteryl acetate, and 8- 
sitosterol in protecting and improving the oral absorption efficien- 
cy of acid-labile antibiotics is discussed. The potassium salts of 
penicillin G and penicillin V and erythromycin lactobionate were 
studied. The stability of the two penicillins in simulated gastric 
fluid was determined iodometrically. The rank order of acid pro- 
tective activity was: cholesteryl acetate > @-sibsterol > cholester- 
ol. Oral administration of erythromycin lactobionate coated with 
cholesteryl acetate produced a twofold increase in human urinary 
excretion of erythromycin when compared with the uncoated ma- 
terial. Potassium salts of penicillin G and penicillin V coated with 
cholesteryl acetate yielded 1.6- and 2-fold higher urine levels, re- 


spectively, as compared with the uncoated candidates. 


Keyphrases 0 Antibiotics, acid labile-oral absorption efficiency 
of penicillin G potassium, penicillin V potassium, and erythromy- 
cin lactobionate from cholesterol, cholesteryl acetate, and @-sib- 
sterol protective carriers 0 Penicillins G and V (potassium)-oral 
absorption efficiency from lipid-drug delivery systems Eryth- 
romycin lactobionate-oral absorption efficiency from lipiddrug 
delivery systems Lipid-drug delivery systems-oral absorption 
efficiency of penicillin G potassium, penicillin V potassium, and 
erythromycin lactobionate from cholesterol, cholesteryl acetate, 
and j3-sitosterol protective carriers. 


Solutions of penicillin G lose 50% of their potency 
in less than 1 min at pH 1 and in about 9 min at  pH 2 
(1). Solutions of penicillin V in 0.1 N hydrochloric 


acid at  3 7 O  were reported to have a half-life of 29 min 
(2). Chemical inactivation of penicillin G in the gas- 
tric fluid has been reported to be responsible for the 
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Table I-Peroxide Concentrations in 
Polyethylene Glycols 


Poly- 
Poly- Poly- Poly- ethylene 


Manu- Glycol Glycol Glycol 6000 Di-  
facturer 300a 4OOa 1500b stearate* 


ethylene ethylene ethylene Glycol 


I 1 . 4  3 .24  <o .01 1.97 
I1 4 .86  3 .95  4 .26  N.T.r 


I11 9 . 3  5 . 7  N.T. 1 .92d 


Microequivalents of thiosulfate per milliliter of glycol. b Microequiva- 
lents of thiosulfate per gram of glycol. N.T. = not tested. Additional 
vendor. 


centration of peroxide. The presence of water in the 
formulation helped prevent any further production 
of peroxide. 


Some of these observations were substantiated by 
McKenzie (2), who studied peroxide formation and 
decomposition in triethylene glycol. Azaz e t  al. (3) 
employed antioxidants to stabilize benzocaine hydro- 
chloride in cetomacrogol solutions containing perox- 
ide impurities. 


The reaction of trace metals in the polyethylene 
glycols with propyl gallate to form colored reactants 
was prevented by the inclusion of a small quantity of 
a chelating agent, e.g., 20 ppm of ethylenediaminete- 
traacetic acid. Since all polyethylene glycols used in 
these studies contained less than 0.01% ethylene 
oxide, it is suggested that the reported (1) instability 
of tripelennamine hydrochloride in polyethylene gly- 
col 300 may have been due not only to the presence of 
ethylene oxide in the formulation but also the pres- 
ence of peroxides. 


We recommend the use of only the highest quality 
polyethylene glycols in formulations, a determination 
of the stability of the active constituent in glycols 
under elevated temperature conditions (to assess the 
effect of pretreating the vehicle with antioxidants at 
elevated temperatures), and, finally, the incorpora- 
tion of a small percent of water in the formulation. 


(1) P. F. G. Boon and A. W. Mace, J .  Pharm. Pharrnacol., 
Suppl., 20.328(1968). 


(2) D.  A. McKenzie, “A Study of Peroxide Formation and De- 
composition in Certain Glycol Systems,” Technical Service Report, 
Union Carbide Corp., Tarrytown, N.Y., Feb. 1970. 


(3) E. Azaz, M. Donbrow, and R. Hamburger, Pharm. J., 211, 
15(1973). 
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Constituents of Cannabis sativa L. IX: 
Stability of Synthetic and  Naturally 
Occurring Cannabinoids in Chloroform 


Keyphrases 0 Cannabis satiua L.-stability o f  synthetic and nat- 
urally occurring cannabinoids in chloroform 0 Cannabinoids-sta- 
bility in chloroform 0 Marijuana-stability of synthetic and natu- 
rally occurring cannabinoids in chloroform Stability-synthetic 
and naturally occurring cannabinoids in chloroform 


To  the  Editor: 
A report from these laboratories demonstrated 


that chloroform was a more efficient solvent for ex- 
tracting cannabinoids from Cannabis satiua L. than 
benzene, pentane, hexane, petroleum ether, ethanol, 
acetone, and ether. Moreover, cannabinoids’ extract- 
ed with chloroform were stable at ambient tempera- 
ture for 144 hr (1). 


Recently, Parker e t  al. (2) reported that synthetic 
cannabidiol was unstable in spectrograde chloroform 
over an 8-day period. The authors stated that: “cau- 
tion should be exercised in the use of chloroform as a 
solvent for prolonged extraction and storage of can- 
nabidiol.” Since members of this research group (3- 
6) and others (7) have employed chloroform as an ex- 
tracting solvent and since a working group, sponsored 
by the United Nations2, on the chemistry of Canna- 
bis and its components recently recommended that 
the procedure developed in these laboratories be 
used worldwide, it seemed imperative that additional 
data be presented in support of chloroform as the sol- 
vent of choice for extracting cannabinoids from Can- 
nabis. 


The basic procedure utilized in these laboratories 
is as follows. Samples of Cannabis are extracted at  
ambient temperature with nanograde chloroform3 for 
1 hr4. After that time, the chloroform is removed in 
vacuo and an ethanolic solution containing a known 
amount of the internal standard, androst-4-ene- 
3,17-dione, is added. Therefore, by allowing 15 min 
for workup, each sample is exposed to chloroform for 
a maximum of 75 min. Thus, if synthetic and natural- 
ly occurring cannabinoids are stable in chloroform for 
75 min, chloroform, as previously recommended (1, 
7), would be the solvent of choice for extraction of 
naturally occurring cannabinoids found in crude drug 
preparations from C. sativa L. 


We wish to report results of a 3-month stability 
study using chloroform as the solvent for the fol- 
lowing: ( a )  synthetic cannabidiol, (-)-A8- and Ag- 
trans- tetrahydrocannabinols, AgJ l-tetrahydrocan- 
nabinol (exocyclic), and cannabinol; ( b )  an extract of 
female Mexican Cannabis grown in Mississippi 
(coded CMEF-71, ME-A); and ( c )  a synthetic mix- 


’ Combination cannabidiol-cannabichromene. ( -  )-19-trons- tetrahvdrw 
rannahinol, and cannabinol. 


United Nat,ions Document MNAR/9/1974. 
Mallinckrodt Chemical. One-aallon amher hottles are kent at arnhienf 


temperature, opened one at a timeas needed, and used with nGnimum expo- 
sure to air, etr. 


For details, see Refs. 1 and 4-6. Androst-l-ene-.?,l7-di~ine was first used 
as an internal standard by Davis et a!. ,  Lloydin. 33,453(1970). 
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Figure 1-Graph showing the stability of a mixture of the 
synthetic cannabinoids [cannabinol, ( - )-A8- and ( - )-A*-trans- 
tetrahydrocannabinols, and cannabidiol] stored in chloroform 
over 90 days. Cannabidiol stored separately in chloroform is 
also presented. The results reported are the area of the can- 
nabinoid divided by the area of the internal standard versus the 
time in days. (THC = tetrahydrocannabinol, C B D  = can- 
nabidiol, and C B N  = cannabinol.) 


ture of cannabidiol, (-)-As- and Ag-trans- tetrahy- 
drocannabinols, and cannabinol. 


Each chloroform solution was maintained at ambi- 
ent temperature for 21 days. During this time, each 
solution was exposed to natural and artificial light. 
Due to consistent solvent evaporation, each solution 
was subsequently stored at 6' for the remainder of 
the experiment. Each sample contained a known 
amount of the internal standard, and results are re- 
ported as the area of the cannabinoid peak divided 
by the area of the internal standard peak uersus time 
in days. 


The area under the curve was calculated originally 
by peak height times width at half-height and was 
replicated with a GLC-computer system as previous- 
ly reported (8). GC conditions also have been re- 
ported (1,3-6,8). 


Figure 1 depicts graphically the stability of syn- 
thetic cannabidiol as well as a synthetic mixture of 
cannabidiol, ( - ) -Ae-  and Ag-trans- tetrahydrocanna- 
binols, and cannabinol stored in chloroform. Data 
from these laboratories show that synthetic cannabi- 
diol in chloroform is stable within experimental error 
for 21 days. The stability diminishes slightly from 
Day 21 to Day 41 and thereafter remains constant for 
a 90-day period. With the synthetic mixture, the 
peak of cannabidiol showed an increase from Day 1 
to Day 34, followed by a gradual decline. The slight 
increase observed for cannabidiol in the synthetic 
mixture may have been due to an artifact. When syn- 
thetic cannabidiol, cannabinol, and ( -)-A8- and A9- 
trans- tetrahydrocannabinols are mixed and subse- 
quently subjected to GLC analyses, a peak not ob- 
served in chromatograms from their respective indi- 
vidual analyses is consistently observed. 


The stability of cannabinol and (-)-As-trans- tet- 
rahydrocannabinol was constant within experimental 
error in the synthetic mixture over 90 days. However, 
some diminution in the area under the (-)-Ag-trans- 
tetrahydrocannabinol peak was observed and may 
have been responsible for the very slight increase in 
the amount of cannabinol. However, this increase in 
cannabinol does not account for the total loss of (-)- 
A9-trans- tetrahydrocannabinol. These data support 
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Figure 2-Graph showing the concentrations of a n  extract of 
female Mexican Cannabis grown in Mississippi and stored in 
chloroform for 90 days. The concentrations (percent by dry  
weight) are plotted against the time in days. [THCV/CBL = 
a mixture of ( - )-A*-trans-tetrahydrocannabidivarin and can- 
nabicyclol, CBDICBC = a mixture of cannabidiol and can- 
nabichromene, C B N  = cannabinol, and A*THC = tetrahydro- 
cannabinol. ] 


the Turner et al. (6) statement that (-)-Ag-trans- 
tetrahydrocannabinol does not decompose quantita- 
tively to cannabinol. 


Figure 2 concerns an extract from female Mexican 
C. satiua grown in Mississippi (coded CMEF-71), 
which contains a mixture of cannabidiol and cannabi- 
chromene, and a mixture of (-)-A9-trans- tetrahy- 
drocannabidivarin and cannabicyclol, as well as can- 
nabinol and ( -)-.Ag-tetrahydrocannabinol. In these 
laboratories, ( -)-A8-trans- tetrahydrocannabinol was 
not observed in fresh plant samples when careful an- 
alytical parameters were used. (-)-A9-trans- Tet- 
rahydrocannabinol showed a very slight decrease 
from Day 1 through Day 38 and then underwent a 
precipitous decrease from Day 44 to Day 50. From 
Day 50 to Day 90, it once again was relatively stable. 


As shown in Fig. 2, cannabinol stability is erratic. 
There is no lucid interpretation of this behavior. 
Cannabinol increased from a concentration of 0.2% at 
Day 1 to a concentration of approximately 0.35% a t  
Day 19. The cannabinoid then began a decline to Day 
26, where it again ascended to a high of approximate- 
ly 0.4% concentration on Day 44. From Day 44 to Day 
50, cannabinol decreased once again to approximate- 
ly 0.2% and then remained fairly constant from that 
time on. 


Turner et al. (6) reported a similar decomposition 
pattern for ( -)-A9-trans- tetrahydrocannabinol in 
dry female Mexican Cannabis after storage at  37' for 
60 weeks. I t  was postulated that a free radical moiety 
might be responsible for the precipitous decomposi- 
tion. 


The combined peak for cannabichromene and can- 
nabidiol was stable from Day 1 through Day 19. 
Slight decomposition then began until Day 44, after 
which time it remained stable. This decrease was 
probably due to the decomposition of cannabichro- 
mene. Mass spectral data and data from the 6% OV-1 
column have shown that in this particular variant the 
area under the peak classically labeled cannabidiol is 
approximately 85% cannabichromene and only 15% 
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cannabidiol. Cannabichromene is a relatively unsta- 
ble molecule and decomposes quite readily when ex- 
posed to heat, light, and acidic and basic conditions 
(9). Combined (-)-A9-trans-tetrahydrocannabidi- 
varin and cannabicyclol was constant until Day 20. It 
then declined very little and very slowly. Cannabig- 
erol, although not shown in Fig. 2 due to its small 
concentration, was very stable. 


The data in Fig. 2 cannot be easily explained. Cer- 
tain phenomena have been reported (9) regarding the 
ambiguity of cannabichromene decomposing to can- 
nabicyclol. Other than a solvent effect and a “bio- 
physical” parameter not yet defined, this group can 
offer no explanation of most intrinsic data in Fig. 2. 


Individual synthetic cannabinoids and a mixture of 
synthetic cannabinoids are stable in chloroform and 
do not decompose in these laboratories, as Parker e t  
al. (2) reported for cannabidiol. The instability re- 
ported by Parker could be due to impure solvents. 
We have observed unusual stability problems with 
certain batches of chloroform. These problems were 
circumvented by using nanograde and certain brands 
of spectrograde chloroform5. Thus, our data indicate 
cannabinoids, synthetic or naturally occurring, to be 
stable in chloroform within experimental error for 
much longer time periods than are required in a rou- 
tine analysis. We do, however, agree with Parker e t  
al. that cannabinoids should not be stored in chloro- 
form for a prolonged period. Therefore, from pub- 
lished data (1) and data contained within, chloroform 
remains the solvent of choice for extracting cannabi- 
noids from Cannabis preparations. 
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Disposition of 
N,N -Bis(phenylcarbamoylmethyl)dimethyl 
Ammonium Chloride in the Rat: 
An Interesting Example of 
First-Pass Metabolism 


Keyphrases 0 N,N- Bis(phenylcarbamoylmethyl)dimethyl am- 
monium chloride-disposition in rat, first-pass metabolism Me- 
tabolism, first pass-N, N-bis(phenylcarbamoy1methyl)dimethyl 
ammonium chloride in rat 0 Lidocaine derivatives-disposition of 
N,N-  bis(phenylcarbamoylmethy1)dimethyl ammonium chloride 
in rat, first-pass metabolism 


T o  the  Editor: 
It has recently been demonstrated that the dispo- 


sition of N,N- bis(phenylcarbamoylmethy1)dimethyl 
ammonium chloride (I), a quaternized lidocaine de- 
rivative with antiarrhythmic activity, is dependent 
on the route of administration in the rat (1). The 
present report is concerned with a quantitative esti- 
mate of the degree to which I is subjected to a first- 
pass effect in the rat and with a quantitative compar- 
ison of the predicted versus the observed disposition 
of the drug after intraperitoneal administration. 


After an intravenous (tail vein) dose of 2.5 mg of 
3H-I to Sprague-Dawley rats, 35% of the adminis- 
tered radioactivity was ultimately excreted in the 
urine in the form of I and a carboxylic acid metabo- 
lite (11). Radiochromatogram scans of urine samples 
subjected to high voltage electrophoresis, in addition 
to reverse isotope dilution data, indicated that about 
70% of the total radioactivity in the urine could be 
accounted for by I. 


With intravenous administration of an equal dose 
to rats with ligated bile ducts, 80% of the radioactive 
dose was found in the urine. Since the observed in- 
crease in urinary excretion of tritium in bile duct-li- 
gated rats may be attributed to “spill over” into the 
urine of drug and/or metabolite normally excreted in 
bile, it was estimated that in normal rats 45% of the 
administered radioactivity is excreted in the bile. Re- 
verse isotope dilution of bile samples revealed less 
than 5% intact drug (I), while radiochromatogram 
scans of electrophoregrams of bile samples indicated 
that a single compound (11) accounted for about 8Oy0 
of the total radioactivity in the bile. The data are rea- 
sonably consistent with Scheme I, where F, indicates 
the fraction of administered radioactivity reaching 
the systemic circulation; f m ,  fu, and f y  represent the 
fractions of intact drug reaching the systemic circula- 
tion that are converted to metabolite, excreted as 
such, and unaccounted for, respectively; and fh’ and 
fu‘ denote the fractions of the total amount of formed 
metabolite that undergo biliary and urinary excre- 
tion, respectively. The parenthetical values represent 
percent of administered radioactivity. 


Upon intraperitoneal injection of a 2.5-mg dose of 
“-1 to normal Sprague-Dawley rats, one finds sig- 
nificantly less tritium ultimately excreted in the 
urine than is observed after tail vein injection (22% 
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Table I-Determination of Sorbitol and Mannitol in  
Various Samples 


Milligrams Sorbitol Mannitol 
Sample Taken Found, mg Found, m g  


Sorbitol 
1 34.2 30.6 3 . 7  


33.7 30.2 3.6 
31.6 28.3 3 . 3  
29.9 26.8 3 .2  
30.8 27.6 3 .4  
30.4 27.2 3 . 3  


Mannitol 
1 36.5 3 . 6  32.7 
2 36.0 3 . 5  32.2 
3 33.4 3.3 39.9 
4 32.6 3 . 1  29.2 


Approximately 10 mg of n- butylboronic acid6 and exactly 1.00 
ml of internal standard solution were added to the dried samples. 
The reaction was completed almost immediately, and 1-pl portions 
were injected onto the column. 


RESULTS AND DISCUSSION 


The chromatogram shown in Fig. 1 is of the tris-n-butyldiboro- 
nate esters (6) of mannitol and sorbitol under the described condi- 
tions. No mannitol or sorbitol samples obtained were free of mutu- 
al contamination. It is advisable to observe the precaution offered 


6 Pierce Chemical Co. 


by Eisenberg (61, i.e., to ascertain the purity of the n- butylboronic 
acid reagent by GLC of a pyridine solution on the OV-17 column 
a t  92’. It follows, then, that excess reagent elutes with the solvent 
front during hexitol analysis. The reagent used here was essential- 
ly free of any impurities. 


The response of the analytical system was linear to a concentra- 
tion four times that described in Fig. 2. The residual standard de- 
viations calculated for five replicate samples of mannitol and sor- 
bitol, analyzed separately, were both 51.2% (Table I). These 
values compare favorably with those using the method of Manius 
et al. (3). The advantages of this method are the ease of derivatiza- 
tion, the shorter analysis time, and the greater thermal stability of 
the liquid phase. 
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Chemistry of Nonaqueous Titration of Chlorpromazine 


SOBHI A. SOLIMANX, HASSAN ABDINE, and 
NASHAAT A. ZAKHARI 


Abstract 0 The chemistry of the red color formed during perchlo- 
ric acid titration of chlorpromazine hydrochloride in acetic acid in 
the presence of mercuric acetate is discussed. Addition of ascorbic 
acid prevents the color formation and allows titration using a crys- 
tal violet end-point. Ascorbic acid addition also sharpens the po- 
tentiometric end-point. Ascorbic acid and its oxidation product, 
dehydroascorbic acid, being neutral to  perchloric acid, do not in- 
terfere with the titration. 


Keyphrases 0 Chlorpromazine hydrochloride-chemistry of non- 
aqueous titration, method proposed, compared to official methods 


Nonaqueous titration-chlorpromeine hydrochloride, chemis- 
try Titration, nonaqueous-chlorpromazine hydrochloride, 
chemistry 


Chlorpromazine hydrochloride, a phenothiazine 
derivative, is extensively used as a psychopharmaco- 
logical agent in various dosage forms. Chlorpromazine 
hydrochloride is official in the USP XVIII ( l) ,  the 
BP 1963 (2), and the BP 1968 (3) as a pure compound 
and as injection and tablet dosage forms. 


The pure compound is titrated potentiometrically 
in glacial acetic acid medium, according to the USP 
XVIII and the BP 1963, and in acetone using methyl 


orange indicator according to the BP 1968. The injec- 
tion is assayed spectrophotometrically in the three 
compendia. In the BP 1968 and the BP 1963 meth- 
ods, the injection solution is diluted with 0.1 N hy- 
drochloric acid solution to a suitable concentration 
and then the absorbance is measured directly. In the 
USP XVIII method, several extraction processes are 
carried out before measurement. 


Tablets are determined spectrophotometrically ac- 
cording to the USP XVIII and the BP 1968. The BP 
1963, however, recommends the titration of chlorpro- 
mazine hydrochloride content of tablets against stan- 
dard ceric ammonium sulfate solution. 


DISCUSSION 


Several methods of analysis have been proposed for chlorproma- 
zine hydrochloride involving gravimetry, titrimetry, spectroscopy, 
colorimetry, and chromatography. Spectrophotometric and colori- 
metric methods include the estimation of chlorpromazine in bio- 
logical fluids (4) by measuring the red color produced by concen- 
trated sulfuric acid. Colorimetric determination of chlorpromazine 
in tablets containing methampyrone [sodium (antipyrinylmethyl- 
amino)methanesulfonate] was reported (5). 


A method using acid indicator dyes was suggested (6) for the de- 
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termination of chlorpromazine hydrochloride; the reaction product 
with bromcresol purple was isolated and its structure was elucidat- 
ed with elemental, IR, and W analyses. Chlorpromazine was de- 
termined in biological specimens by UV spectrophotometry and 
corroborated by TLC (7). A spectrophotometric method was devel- 
oped for the routine assay of conjugated and unconjugated chlor- 
promazine metabolites in human urine (8). 


Among the many available titrimetric and gravimetric methods 
for the determination of chlorpromazine hydrochloride is an at- 
tempt (9) to determine the nitrogenous base gravimetrically by 
precipitation with silicotungstic acid in acid solution. The oxida- 
tion of the phenothiazine nucleus with standard bromate (10) was 
used to determine chlorpromazine, and the excess bromate was es- 
timated. 


A thermometric titration procedure for chlorpromazine hydro- 
chloride using standard sodium hydroxide solution as the titrant 
was suggested (11). The neutralization of the protonated nitrogen 
with base resulted in an enthalpogram with a sharp end-point. The 
phenothiazine nitrogen, being not sufficiently basic in aqueous so- 
lution, failed to exhibit an end-point when titrated uersus stan- 
dard hydrochloric acid solution. 


Amperometric titration of chlorpromazine (12) was accom- 
plished using a molybdenum anode and a graphite, platinum, or 
tungsten cathode. Chlorpromazine, in tablets, was determined by 
diphasic titration against sodium lauryl sulfate, using methyl yel- 
low as the indicator (13). It was stated that this method is of par- 
ticular value for determining phenothiazine derivatives in the 
presence of other organic bases. A photometric titration procedure 
was also described (14) for determining this compound in several 
dosage forms, using ceric sulfate as titrant. 


Methods involving titration in nonaqueous solvents were re- 
viewed (15). Chlorpromazine hydrochloride, in pure form as well as 
in various dosage forms, was titrated (16), using acetone as the sol- 
vent and methyl red as the indicator. The titrant was a standard 
perchloric acid solution in dioxane. Alternatively, the nitrogenous 
base was liberated by aqueous potassium hydroxide solution and 
extracted by hexane, acetone was added, and the solution was ti- 
trated as described. 


Chlorpromazine and some other phenothiazine derivatives were 
titrated in a mixture of ethylene dichloride and glacial acetic acid 
against aceteous perchloric acid solution, using tropaeolin 00 as 
the indicator (17). It was also shown (18) that neutral or almost 
neutral solvents, such as acetone and methylcyanide, were more 
satisfactory than acid solvents, such as glacial acetic acid, in deter- 
mining chlorpromazine hydrochloride in pharmaceutical prepara- 
tions. 


The most widely used method (19) for the determination of the 
hydrochlorides of nitrogenous bases cannot be applied to the de- 
termination of chlorpromazine hydrochloride due to the develop- 
ment of an intense red color which interferes with the color change 
of crystal violet indicator. Therefore, the purpose of the present in- 
vestigation was to develop a nonaqueous titrimetric procedure ap- 
plicable to the determination of chlorpromazine hydrochloride, in 
pure form as well as in different dosage forms, in which the end- 
point detection can be accomplished visually with crystal violet 
and glacial acetic acid, the most widely used indicator and solvent 
in nonaqueous titration. 


EXPERIMENTAL 


Apparatus and Materials-The following were used: a suitable 
titrimeter’ equipped with a combination electrode2, a magnetic 
stirrer, and a microburet of 10-ml capacity graduated to 0.02 ml. 


Solutions-The following were used: a 0.1 N perchloric acid so- 
lution in glacial acetic acid, 5 and 6% (w/v) solutions of mercuric 
acetate in glacial acetic acid, a 0.2% (w/v) solution of crystal violet 
indicator in glacial acetic acid, and a saturated solution of methyl 
orange in acetone. 


Acetous perchloric acid solution was standardized against po- 
tassium acid phthalate3, previously dried at l l O o  for 2 hr, using 
glacial acetic acid as the solvent. The end-point was determined 
potentiometrically. 


Pye model 79. 


Rhone-Poulenc, France. 
* Pye Catalog No. 401 E07, series No. 546022. 
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Table I-Determination of Chlorpromazine Hydrochloride 
in Pure  Form, Tablets, and Injections Using t h e  Proposed 
Visual Nonaqueous Titration Method 


Weight 
Sample Weight, mg Found, m g  Recovery, % 


Pure compound 
1 309.7 
2 296.9 
3 176.8 
4 167.1 
5 142.1 


Mean percent recovery (P’ 
Tablets (25 mg) 


1 300.0 
2 252.7 


311.3 
298.4 
178.1 
166.9 
142.6 


= 0.05)  


298.4 
251 .O 


100.52 
100.50 
100.73 
99.88 


100.35 
100.39 f 0.39 


99.47 
99.33 


3 207.7 206.6 99.47 ~ .. ~ 


Tablets (10 mg)- 
4 155.5 154.1 99.09 
5 103.5 102.9 99.42 
6 103.2 103.3 100 .09 


Mean percent recovery (P’ = 0.05) 99.48 f 0.35 
Injections (50 mg/2 ml) 


1 375.0 373 .O 99.47 
2 250.0 246.9 98.76 


Injections (25 mg/5 ml) 
3 125.0 124.5 99.60 
4 100.0 99.5 99.50 


Mean percent recovery (P’ = 0.05) 99.33 f 0.61 


For comparative purposes, chlorpromazine hydrochloride3 was 
assayed by the official procedures of the USP XVIII and the BP 
1963 and 1968. 


Determination of Chlorpromazine Hydrochloride by Pro- 
posed Visual Procedure-An amount of chlorpromazine hydro- 
chloride, as specified in Table I, was accurately weighed and dis- 
solved in 50 ml of glacial acetic acid contained in a 150-ml titration 
beaker. Ten milliliters of 5% (w/v) mercuric acetate solution, 1.0 g 
of powdered ascorbic acid, and 2 drops of crystal violet indicator 
solution were added. 


The solution, magnetically stirred, was titrated potentiometri- 
cally against 0.1 N acetous perchloric acid solution. The end- 
point in the titration was determined from the inflection in the ti- 
tration curve, obtained by plotting the volume of titrant in millili- 
ters against the millivolt readings. The proper color change of the 
indicator coinciding with the potentiometric end-point was noted. 
Such a color change was found to be from violet to blue. The titra- 
tion was also performed as described but with 50 ml of a glacial 
acetic acid-dioxane (1:l) mixture as the solvent. 


Analysis of Tablets-Twenty tablets were weighed and pow- 
dered. An amount of powdered tablets equivalent to a weight of 
chlorpromazine hydrochloride as shown in Table I was accurately 
weighed and placed in a 150-ml titration beaker containing 50 ml 
of glacial acetic acid. Then 10 ml of mercuric acetate solution, 1.0 g 
of ascorbic acid powder, and 3 drops of crystal violet indicator so- 
lution were added. The solution was stirred magnetically for sever- 
al minutes and titrated to a blue color change of the indicator. 


Analysis of Injections-A volume of the mixed contents of am- 
puls equivalent to an amount of chlorpromazine hydrochloride as 
indicated in Table I was pipetted, exactly, into a 150-ml titration 
beaker. The solution was evaporated on a water bath to a small 
volume (3-5 ml), and about 6.0 ml of acetic anhydride was added 
for each milliliter of solution remaining in the titration beaker. 
Then the solution was heated on a hot plate until i t  began to boil. 
The solution was cooled, and 10 ml each of glacial acetic acid and 
mercuric acetate solution, 1.0 g of ascorbic acid powder, and 2 
drops of crystal violet indicator solution were added. It was then 
titrated visually with 0.1 N acetous perchloric acid as described. 


RESULTS 


Chlorpromazine hydrochloride, being a phenothiazine deriva- 
tive, is sensitive to oxidation. Therefore, in glacial acetic acid me- 
dium, the oxidizing effect of perchloric acid is catalyzed by mercu- 
ric acetate (20), giving a red-colored oxidation product that makes 
visual end-point detection with crystal violet indicator impossible. 
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For this reason, the official compendia such as USP XVIII and BP 
1963 employ potentiometric, rather than visual, end-point detec- 
tion in the nonaqueous titration of chlorpromazine hydrochloride 
in glacial acetic acid solvent. BP 1968 replaces glacial acetic acid 
with acetone and uses a saturated solution of methyl orange in ace- 
tone as the indicator. 


The formation of intensely colored compounds in acid solution 
of phenothiazine was explained by Michaelis et al. (21). Using 
methylene blue, a phenothazine derivative, as an example, these 
investigators proposed a free radical formation which depended on 
a state of equivalent resonance. Their explanation is satisfactory 
for the color developed by this compound, because it possesses two 
auxochrome amino groups in the 3- and 7-positions which are ca- 
pable of participating in the development of a semiquinoid free 
radical structure and hence facilitate color production. 


This explanation is not satisfactory, however, for phenothiazine 
derivatives stripped of all auxochrome groups. This objection was 
later resolved by the same authors (22) by pointing out that col- 
ored semiquinone radicals of phenothiazine as they exist in acid 
solution are stabilized by resonance involving the two bridge 
atoms, nitrogen and sulfur. They stated that such colored semiqui- 
none free radicals can be obtained in a high concentration and in a 
quite stable condition in 80% acetic acid. 


Chatten and Harris (23) reported the titration behavior of a 
number of phenothiazine derivatives, including chlorpromazine, in 
nonaqueous media and concluded that the reaction between chlor- 
promazine and perchloric acid in nitromethane solvent produced a 
distinctly colored compound, ranging from an initial pink to a final 
rose-red color. These authors attributed the formation and stabili- 
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Figure 1-Potentiometric titration of chlorpromazine hydro- 
chloride. Key: A, USP X V I I I  and BP 1963 procedures i n  
glacial acetic acid; B, proposed procedure i n  glacial acetic acid 
and using ascorbic acid; C, USP X V I I I  and BP 1963 pro- 
cedures in  glacial acetic acid-dioxane mixture; and D, pro- 
posed procedure in  glacial acetic acid-dioxane mixture and 
using ascorbic acid. 


zation of the colored compound to complex formation between the 
resonating nitromethane and the titrated phenothiazine deriva- 
tive, and they indicated that such a complex could result from 
ionic attraction of the oppositely charged centers in the phenothi- 
azine compound and the carbanion-acinitromethane resonate. 


Thus, the formation and stabilization of the semiquinone free 
radical, which is responsible for the red color production, may be 
due to the possible formation of many resonating forms. Scheme I 
illustrates the mechanism suggested for such a resonance. In acetic 
acid medium, chlorpromazine (I) is oxidized by the action of per- 
chloric acid, whereby it loses one electron to give the semiquinone 
free radical (11). This structure is in resonance with Structures 111, 
IV, and V, which arise from I1 by resonance involving one of the 
two benzene rings of the phenothiazine structure. When resonance 
involves the other benzene ring, resonating structures analogous to 
111, IV, and V would be possible from Structure II. 


In addition, more resonating structures are expected to be 
formed uio another route involving the two bridge atoms, nitrogen 
and sulfur. Such a route is represented by Structures 11,111, and VI 
when resonance involves one of the benzene rings. However, reso- 
nance involving the other benzene ring through this route can be 
represented by Structure 11, the structure corresponding to 111, 
and Structure VI. 


The formation of a red-colored solution during the titration of 
chlorpromazine hydrochloride with perchloric acid solution was 
prevented by the addition of finely powdered ascorbic acid to the 
contents of the titration beaker before beginning the titration. The 
absence of color from chlorpromazine solution throughout titra- 
tion enabled accurate and sharp visual end-point detection, which 
is impossible in the USP XVIII and BP 1963 nonaqueous titration 
procedures. 


The immediate disappearance of the red color and the subse- 
quent prevention of such a color formation during the titration are 
due to reduction with ascorbic acid. The semiquinone free radical 
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Table 11-Determination of Chlorpromazine Hydrochloride 
According to USP XVII I ,  BP 1963, and BP 1968 Methods 


USP X V I I I  and BP 1963 BP 1968 
Weight, Recovery, Weight, Recovery, 


Sample mg % mg % 


1 608.1 100.10 291 .O  100.15 
2 299.1 101 .39 172.7 99.50 
3 199.9 100.00 89.7 101.65 
4 142.1 101 .33 79.1 101.18 
5 141.6 100.69 58.2 100.39 


Mean 100.70 f Mean 100.57 f 
percent 0.81 percent 1.05 


recovery recovery 
( P ’  = 0.05) (P’  = 0.05) 


is reduced to chlorpromazine, whereby dehydroaecorbic acid is 
formed as illustrated by Scheme 11. Ascorbic acid and its oxidation 
product, dehydroascorbic acid, being neutral in glacial acetic acid, 
do not interfere with the determination of chlorpromazine hydro- 
chloride. 


Typical titration curves for the determination of chlorproma- 
zine hydrochloride according to the proposed method and the USP 
XVIII and BP 1963 procedures in glacial acetic acid and in a gla- 
cial acetic acid-dioxane solvent system are illustrated in Fig. 1. 
Curve B, which represents the titration of the nitrogenous base hy- 
drochloride in glacial acetic acid according to the proposed meth- 
od, indicates that a sharper end-point detection is obtained when 
compared with the USP XVIII and BP 1963 procedures (curve A). 
The relative magnitudes in the breaks of the two curves are 540 and 
340 mv/ml of titrant, respectively. 


The visual end-point detection was also found to be sharp when 
the proposed method was applied. This difference in the sharpness 
of end-points may be attributed to the fact that in the official pro- 
cedures a mixture of chlorpromazine and the semiquinone free 
radical, rather than a single compound, is titrated; in the proposed 
method, the formation of such a free radical is prevented. The 
semiquinone free radical is expected to be a weaker base than 
chlorpromazine in view of the presence of a positive charge, which 
decreases the electron density within the semiquinone free radical 
structure. Titration in the glacial acetic acid-dioxane (1:l) solvent 
system yielded an even sharper end-point detection. 


Chlorpromazine contains two distinctly different types of nitro- 
gen atoms, a tertiary amino and a heterocyclic nitrogen. The reso- 
nance within the heterocyclic ring system of chlorpromazine is 
such that the electron density around the heterocyclic nitrogen 
atom is incapable of reacting with protons. The tertiary nitrogen 
atom, being a strong base, is capable of holding a proton when ti- 
trated with perchloric acid solution. Therefore, in the solvent sys- 
tems employed in this study, chlorpromazine behaves as a monoa- 
cidic base and gives only one inflection point when titrated poten- 
tiometrically. 


The scope of the proposed visual titration method for control 
purposes was demonstrated by its application to  samples of chlor- 
promazine hydrochloride in pure form and in synthetic dosage 
forms such as tablets and injections. Commonly used excipients, 
insoluble fillers, diluents, and lubricants such as lactose, starch, 
and talc do not interfere with the determination. An aliquot of 
powder mass of tablets is titrated directly, without preliminary ex- 
traction of the active constituent, after sufficient time is allowed 
for its solubility. The water content of injections is removed by 
evaporation to a small bulk, and the last traces are allowed to react 
with a sufficient amount of acetic anhydride. 


The results of the titration of chlorpromazine hydrochloride, ac- 
cording to the proposed visual nonaqueous titration method, are 
shown in Table I. The mean percent recoveries (P’ = 0.05) of the 
pure form, tablets, and injections are 100.39 f 0.39, 99.48 f 0.35, 
and 99.33 f 0.61, respectively. 


Table I1 lists the recovery data obtained when chlorpromazine 
hydrochloride is determined by the potentiometric nonaqueous ti- 
tration method of USP XVIII and BP 1963 and by the BP 1968 
procedure. The mean percent recoveries (P‘ = 0.05) are 100.70 f 


0.81 and 100.57 f 1.05, respectively. Statistical analysis of the two 
sets of results given in this table indicated that the difference be- 
tween the two mean percentage recoveries is statistically insignifi- 
cant and that the two methods are equally precise and almost 
equally accurate. Statistical comparison of the data obtained using 
the proposed visual’ method and the potentiometric USP XVIII 
and BP 1963 procedure .showed that the two methods are equally 
precise. However, the proposed method is more accurate. 


With the proposed method, the end-point detection is accom- 
plished visually using crystal violet indicator; such detection is not 
possible with the official methods. The proposed method also has 
the advantage of being applicable to chlorpromazine hydrochloride 
in the pure state as well as in dosage forms. The official compendia 
employ different assay methods for different dosage forms. Glacial 
acetic acid and crystal violet indicator, the most widely used sol- 
vent and indicator in nonaqueous titration, are also employed. The 
proposed method is useful and attractive to the pharmaceutical 
control chemist for routine analysis. 
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Systems Approach to Study of Solute Transport across 
Membranes Using Suspension Cultures of Mammalian 
Cells IV: Uptake and Release Kinetics of Sterols 


J. S .  TURI *x, W. I. HIGUCHI *, N. F. H. HO *, and 
C. SHIPMAN, Jr.5 


Abstract 0 The kinetics of uptake and release of desmosterol, 
cholesterol, and P-sitosterol by Burkitt lymphoma cells at 26O, pH 
7.3, and isoosmotic conditions were quantitatively and mechanisti- 
cally interpreted. The data are in agreement with the model in- 
volving the passive transport of the unbound sterol across the rate- 
determining plasma membrane, with rapid distribution within the 
heterogeneous cell interior. Effective permeability (PJ and parti- 
tion (KJ coefficients of the sterols were inversely proportional to 
the serum concentration in the external media due to sterol-serum 
binding. These results are consistent with the mechanism in which 
only the unbound solute in the external solution participates in the 
membrane transport process. At  all serum levels, Pe and K ,  in- 
creased with increasing sterol polarity: desmosterol > cholesterol 
> 8-sitosterol. 


Keyphrases 0 Membrane diffusion-systems approach to drug 
transport, uptake and release of desmosterol, cholesterol, and 0- 
sitosterol by Burkitt lymphoma cells, effective Permeability and 
partition coefficients determined and related to  sterol-serum 
binding Drug transport-uptake and release kinetics, desmos- 
terol, cholesterol, and @-sitosterol, Burkitt lymphoma cells, effec- 
tive permeability and partition coefficients determined, related to 
sterol-serum binding Mammalian cells, suspension cultures- 
uptake and release of sterols, systems approach to study of drug 
transport across membranes Sterols-kinetics of uptake and re- 
lease of desmosterol, cholesterol, and 8-sitosterol by Burkitt lym- 
phoma cells, systems approach to drug transport 
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Figure 1-Uptake of desmosterol a t  26’ a t  four fetal bovine 
serumconcentratwns.Key:O,0%;0,5%; 0,15%;and., 30%. 
Points represent the experimental data, and curves represent 
the best theoretical fit by nonlinear regression of Eq. 1 using the 
phenomenological constants in Table I. 


resuspended in fresh media. Thereafter, the release studies fol- 
lowed the sampling procedures as outlined previously for the up- 
take kinetic studies (2). All uptake and release studies were per- 
formed at 26O and used identical isoosmotic media a t  pH 7.3. The 
studies were repeated at  least three or four times. 


This paper represents an experimental followup of 
the theoretical models presented earlier (1) in which 
the plasma membrane of the cell is the rate-deter- 
mining barrier to the transport of solutes. To demon- 
strate the utility of the physical model approach in 
the design of experiments and the quantification of 
the relevant transport parameters and physical fac- 
tors, the kinetics of the uptake and release of choles- 
terol, desmosterol, and 0-sitosterol using Burkitt 
lymphoma cells in culture suspension are reported. 


EXPERIMENTAL 


The methods for the cultivation of Burkitt lymphoma cells were 
described previously (2). Included are the details of the quantita- 
tive techniques and procedures for the baseline uptake experi- 
ments of ch~lesterol-’~C by the cells in culture suspension at  pH 
7.3 and 26’ under isoosmotic and sterile conditions in spinner 
flasks. The suspending media contained modified McCoys 5A, 
basal medium Eagle, balanced salt solution, buffers, and varying 
concentrations of fetal bovine serum. 


To follow the changes in concentration of solute with time, both 
the cell and extracellular fraction were assayed by liquid scintilla- 
tion counting after centrifugation. To study the release kinetics of 
drugs from the cell, the following two techniques were used to load 
the cells with solute. With the “static” equilibration technique, the 
cell suspension was prepared and allowed to mix with the radioac- 
tive drug at  26’ for a t  least 48 hr. With the “prolific” equilibration 
technique, the cell suspension containing the radioactive drug was 
incubated at  37O so that the cells could grow. 


After loading the cells with the solute, the cells were washed and 


THEORETICAL 


As will be seen, the kinetics of uptake and release of the various 
sterols by viable Burkitt lymphoma cells can best be explained by 
Model 2 (l), in which (a) the interior of the cell is treated essen- 
tially as a homogeneous phase, i.e., the membranes of the cytoplas- 
mic bodies and nucleus are not the rate-determining barriers; (b) 
the plasma membrane is the rate-limiting barrier to  the passive 
transport of the solute; and (c) there is binding of the solute to the 
serum and, perhaps, other components comprising the support 
media for the cell suspension. Only the essential mathematical de- 
scription will be presented here. 
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mure 2-Plot of uptake kinetics of desmosterol a t  four fetal 
bovine serum concentrations according to linear predictions of 
Eq. 1. Key: O,O%; 0 ~ 5 % ;  ~ 1 5 % ;  and w, 30%. Solid curves 
are least-squares lines. 
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Table 1-Permeability Coefficients for Desmosterol Uptake and  Release Kinetics at 26' from Nonlinear Regression Analysis 
and Partition Coefficients at Equilibriuma 


Effective Partition Effective Permeability 
Coefficient, Average f SD Coefficientb X 107, Average f SD 


Fetal Bovine 
Serum, % Uptake Release Uptake Release 


- - 13 4 ~ 0 . 8  0 750 f 44 
5 270 f 24 288 f 15 9 . 2 5  k 0 . 5  8.80 f 0 . 9  


15 100 f 10 107 f 4 4 .18  i 0 . 3  3 .94  f 0 . 6  
30 51 f 7 56 f 4 2.99 f 0 . 4  2 .64  f 0 5 


a Effective serum-desmosterol binding constant is Kb = 18.7. Units of centimeters per second. 


Table 11-Permeability Coefficients for Cholesterol Uptake and Release Kinetics at 26 O from Nonlinear Regression Analysis 
and Partition Coefficients at Equilibriuma 


Effective Partition Effective Permeability 
Coefficient, Average ZIZ SD Coefficient* x lo', Average =!= SD 


Fetal  Bovine 
Serum, %, Uptake Release Uptake Release 


- - 4 .44  f 0 . 6  
- 2 .69  f 0 . 4  


0 230 f 9 
5 155 f 6 


15 60 f 4 
30 34 f 3 37 f 2 0.88 f 0 . 0 9  0 .89  =t 0 .07  


- 


64 f 8 1.27  f 0 . 1  1 . 3 2  i. 0 . 2  


a Effective serum-choleaterol binding constant isKb = 15.7. I ,  Units of centimeters per second. 


The uptake transport function of this model, UF2, is: 


A = T / V ,  (Es. 2 )  


(Eq. 3 )  


where a is the radius of the cell, n is the number of cells, Vi is the 
volume of the cell, VO is the volume of the external aqueous phase, 
T is the total amount of drug in the system, Ci is the concentration 
of drug in the cell, K ,  is the effective partition coefficient, P, is the 
effective permeability coefficient, and t is time. Here, the initial 
boundary condition is Ci(0) = 0. 


The release transport function, RF2, is expressed by: 


The initial boundary condition is Ci = Ci(0). According to Eq. 1 or 
4, a plot of UF1 or RF2 uersus t in minutes is linear with a slope 
equal to P, in units of centimeters per second. 


The effective permeability coefficient is given by: 


P 
1 + K,(S) P ,  = (Eq. 5) 


where Kt, is the solute-serum binding constant, (s) is the serum 


P 
0 5 10 15 20 25 30 


SERUM, % 


Figure 3-Normalized plot of the effective permeability co- 
efficients and partition coefficients of desmosterol as a function 
of fetal bovine serum concentration. Key:  0, P3o/P,; and 0, 
K,,/K,. The P,, and K30 values are the effective permeability 
and partition coefficients at the 30% fetal bovine level and are 
used as the references. 


concentration, and P is the intrinsic permeability constant of the 
unbound drug. It is assumed here that the serum is the only adsor- 
bent in the external medium of the cell suspension. The effective 
partition coefficient is: 


K 
1 + K,(S) K ,  = 


where K is the intrinsic partition coefficient. 


(Eq. 6)  


RESULTS AND DISCUSSION 


Uptake and Release of Desmoster01-26-'~C-Figure 1 shows 
the uptake kinetics of desmosterol a t  four serum concentrations. 
The rate of transport decreases with increasing serum concentra- 
tion due to solute-serum binding. After calculating the effective 
partition coefficient at each serum level from the equilibrium por- 
tion of the curves and then applying the data to Eq. 1, the predict- 
ed linear relationship of the uptake function uersus time of this 
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Figure I-Release of desmosterol at 26' at various fetal bovine 
serum concentrations. Key:  0, 5% (cells equilibrated with 
desmosterol by the prolific method); U, 15% (cells equilibrated 
by the static method); and, m, 30% (static equilibration method). 
Points represent experimental data, and solid curues are the 
best theoretical fit by nonlinear regression of Eq. 4 using the 
constants in Table I .  
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Table 111-Permeability Coefficients for P-Sitosterol Uptake 
Kinetics at  26 O from Nonlinear Regression Analysis and 
Partition Coefficients at Equilibrium5 


Effective Effective 
Fetal Partition Permeability 


Bovine Coefficient, Coefficient* x 1 0 7 ,  
Serum, % Average f SD Average + SD 


~~ ____ ~ 


0 150 f 10.5 2.35 f 0.55 
5 45 =I= 2.5 1.27 f 0.23 


15 23 =t 1.4 0.74 f 0.06  
30 12 + 2 . 4  0 .44  f 0.04 


a Effective serum-psitosterol binding constant is K b  = 18.8. Unita of 
centimeters per second. 
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Figure 5-Release function versus time of desmosterol a t  two 
fetal bovine serum concentrations. Key: D, 15%; and W, 30%. 
The solid curve is the linear regression line. 


model is followed (Fig. 2). It is readily observed that both the ef- 
fective partition and permeability coefficients decrease with in- 
creasing serum concentration. 


Another indication of the fit of the theoretical model is found in 
Fig. 3. Here, the treatment of the experimental data followed the 
linear relationships of Eqs. 5 and 6, using the effective partition 
and permeability coefficients at the 30% serum level as reference'. 
Thus, this finding supports the theory that the unbound desmos- 
terol is permeating through the plasma membrane. 


Experiments were also done with various concentrations of 
desmosterol a t  constant serum concentration. The results showed 
that the desmosterol concentration did not alter the effective coef- 
ficients. This finding indicates that the concentration of serum- 
bound desmosterol was linearly related to the concentration of un- 
bound drug within the experimental conditions. 


Figure 4 shows the release kinetics from the cells a t  three fetal 
bovine serum levels after the cells were loaded by the static meth- 
od at  26O. As expected, at higher serum levels more desmosterol 
diffused from the cells, reflecting a lower effective partition coeffi- 
cient at higher serum levels. In Fig. 5 the profiles of the release 
function uersus time show that the effective permeability coeffi- 
cients decrease with increasing serum levels. 


Release studies from cells loaded with desmosterol by the prolif- 
ic method a t  3 7 O  indicated that both radiolabeled desmosterol and 
cholesterol were being transported across the plasma membrane. 


These two solutes were subsequently identified by radiochromato- 
graphic analysis. The theoretical models2 and quantitative experi- 
ments on the simultaneous transport of desmosterol and chdester- 
01 and the bioconversion of desmosterol to cholesterol by Burkitt 
lymphoma cells will be reported later. No bioconversion of 
desmosterol was detected when the cells were loaded by the static 
method at  26O and when subsequent release studies were carried 
out a t  26'. 


Table I summarizes the phenomenological transport coefficients 
of desmosterol for Burkitt lymphoma cells. There is substantial 
agreement in the P, and K ,  values a t  the various serum levels be- 
tween the uptake and release experiments. The reproducibility of 
the experiments is good. 


The fact that the effective permeability coefficients determined 
either by linear or nonlinear regression analysis of the data were 
similar underscores the good precision of the experimental tech- 
nique and design. The P, of 1.3 X cm/sec and K, of 750 could 
be interpreted as intrinsic coefficients; however, it is not certain 
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Figure 6-Release kinetics of cholesterol a t  26' and two fetal 
bovine serum concentrations. Cells were equilibrated with 
cholesterol by the static procedure. Key: O, 15%; and W, 30%. 
Points are experimental data, and curves are  the best nonltnear 
theoretical fit of the model using the effective permeability and 
partition coefficients in Table II. 


In Fig. 3 the plot of P~oIP,  uersus percent serum gives a slope equal to 
Kb/(l + 0.3Kb) and an intercept equal to 141 + 0.3Kb). 
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Figure ?-Physical model treatment of release data of choles- 
terol in  Fig. 6 by the linear Eq. 1. Key: 0, 15%; and W, 30%. 
The solid curve is the linear regression line. 
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Figure &Uptake of 8-sitosterol at 26" and various fetal 
bovineserum levels. Key: 0, 0%; 0.5%; 0,15%; and W, 30%. 
The experimental data points are  compared against the best 
theoretical fit of the model using the phenomenological con- 
stants in  Table III. 


H. Ando, N. F. H. Ho, W. I. Higuchi, J. S. Turi, and C. Shipman, Jr., to 
be published. 
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Table IV-Permeability Coefficients for Cholesterol, Desmosterol, and 8-Sitosterol at 26 O Calculated from 
Nonlinear Regression Analysis and Partition Coefficients at Equilibriuma 


Effective Permeability Coefficient, cm/sec X lo7  Effective Partition Coefficient 
Fetal Bovine 


Serum, % Desmosterol Cholesterol psi tosterol  Desmosterol Cholesterol p-Sitosterol 


0 13.00 4.44 2.35 750 230 150 
5 9.25 2 .69  1 .27  270 155 45 


15 4.18 1.27 0.74 100 60 23 
30 2.99 0.88 0.44 51 34 12 


a Intrinsic permeability and partition coefficients can be calculated from Eqs. 5 and 6. 


whether there is adsorption of desmosterol to the nonserum com- 
ponents of the external medium. 


Uptake and Release of Cholester01-4-'~C-Figure 6 shows 
the decrease in the percent of cholesterol in the cells with time at 
2 6 O  at  15 and 30% serum concentrations. These cells were loaded 
by the static method. The treatment of the data by the model is 
shown in Fig. 7. 


The results of the kinetics of cholesterol uptake were thoroughly 
described and reported elsewhere (2). However, the effective per- 
meability and partition coefficients from the uptake studies at var- 
ious serum levels are included in Table I1 with these coefficients 
determined from the release studies for comparison. As can be 
seen, the results are similar to those obtained for desmosterol in 
that the effective permeability and partition coefficients decreased 
as the serum concentration increased. 


Uptake of ~-Sitoster01-4-'~C--Figure 8 shows the j3-sitosterol 
uptake data at four fetal bovine serum levels a t  a constant j3-sito- 
sterol concentration. As seen previously with cholesterol and 
desmosterol, j3-sitosterol showed a decreased rate of uptake as the 
serum level increased. The uptake function versus time curves in 
Fig. 9 show very good agreement with the model, while Fig. 10 il- 
lustrates the nonlinear regression fit for the uptake of j3-sitosterol 
at 15 and 30% fetal bovine serum. Figure 11 shows the plot of 
P301Pe and K301Ke versus percent of serum and is another indica- 
tion of the fit of the theoretical model. Their absolute values are 
found in Table 111. 


General Discussion of Sterols-The experimental data and 
their interpretative analyses on the passive transport of the three 
sterols into and out of Burkitt cells in culture suspension demon- 
strate that the experimental methods employed are quantitative 
and that physically meaningful results can be obtained by the 
physical model approach. The evidence strongly supports that the 
model described in the Theoretical section is highly appropriate. 


With regard to the other physical models reported earlier (l), 
Model 1 is inappropriate since it does not account for sterol-serum 
binding in the external media. Models 3, 4, and 5 do not apply be- 
cause of the lack of evidence of plasma membrane-sterol binding. 
The simultaneous transport of two mutually independent solutes 
of Models 6 and 7 is not applicable here. Model 8 cannot satisfac- 
torily treat the data because the uptake or release function versus 
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figure 9-Physical model treatment of uptake kinetics of 
8-sitosterol and various fetal bovine serum levels by the linear 
predictions of Eq. 1 .  K e y :  0, 0%; e, 5%; u, 15%; and w, 
30%. 


time plots did not show a biexponential pattern, which would 
strongly indicate that not only the plasma membrane but also the 
membranes of the cytoplasmic bodies are rate-determining bar- 
riers in the cell transport of the sterols. 


In summarizing this study, it is interesting to note the trends in 
the physical transport coefficients among the sterols (Table IV). 
A t  all serum levels, the partition and permeability coefficients in- 
creased with increasing polarity of the sterols, i.e., K ,  (desmoster- 
01) > K, (cholesterol) > K ,  (0-sitosterol) and P, (desmosterol) > 
P, (cholesterol) > P, ((3-sitosterol). Similar observations were 
qualitatively reported (3) on uptake studies of cholesterol and 6- 
sitosterol using L-cell mouse fibroblasts. The sterol-fetal bovine 
serum adsorption constant is about the same among the sterols (&, 
= 15.7-18.8). 


T o  assess the differences in the molecular structure of these 
sterols with regard to their transport into and out of Burkitt cells, 
the ratio of the permeability coefficients or the partition coeffi- 
cients, using cholesterol as the reference sterol and the values a t  
the zero percent serum level, may be a useful evaluating parame- 
ter. This technique was used in obtaining the incremental parti- 
tion coefficient per CH2 group in a n-alkyl chain and other chemi- 
cal substituents for the buccal membrane in humans (4,5) and the 
rat intestinal tract (6). 


Therefore, as shown in Table V, the double bond as in desmos- 
terol resulted in a threefold increase in the partition and perme- 
ability coefficients of cholesterol, whereas the addition of an ethyl 
group on the 24-position of cholesterol reduced the partition and 
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Figure 10-Nonlinear regression analysis plot of the uptake of 
~-sitosterol at two fetal bovine serum levels. Key :  0, 15%; and 
W, 30%. Points are experimental data, and the solid curve is 
the theoretical fit using the constants in Table ZZI. 
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Figure 11-Normalized plot of the effective permeability and 
partition coeficients of a-sitosterol as a function of fetal' bovine 
serum concentration. Key :  0, P3,,/Pe; and 0, K,"/K,. 
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Table V-Incremental Constant Evaluating Effect of 
Molecular Modsca t ion  of Side Chain of Cholesterol on 
Permeability and Partition Coefficients of Desmosterol 
and p-Sitosterol 


Incremental Constant 


Parameter Desmosterol 8-Sitosterol 


KaterodKchaleaterol 3 . 2 6  0.65 
Pstsrol/Pcholssterol 3 . 0  0 . 5 3  


permeability coefficients by a factor of two. The interpretation of 
these molecular modifications of cholesterol is unclear. It is appar- 
ent that the expectation of increased partition coefficient with de- 
creasing polarity of the solute is not found here. 
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Systems Approach to Study of Solute Transport across 
Membranes Using Suspension Cultures of Mammalian 
Cells V: Uptake and Release Kinetics of 
Cardiac Glycosides by Burkitt Lymphoma Cells 


J.’S . TURI *x, N. F. H. HO *, W. I. HIGUCHI $,and 
C. SHIPMAN, Jr. 5 


Abstract 0 Mass transport studies with three cardiac glycosides 
in the Burkitt lymphoma cell system have provided significant ex- 
amples of the factorization and quantification of the influences of 
serum-drug binding, membrane-drug binding, cell interior bind- 
ing, and intrinsic membrane permeability upon the uptake and re- 
lease kinetics of drugs in living cell systems. All of the data from 
the glycosides are in agreement with the general physical model in- 
volving the rapid equilibration of the solute within the cell after 
permeation through the rate-determining plasma membrane bar- 
rier. The transport of digitoxin was influenced by membrane and 
serum binding and that of digoxin was influenced by membrane 
binding. There was no binding of ouabain to the plasma membrane 
and serum. The variables in the uptake and release kinetic studies 
at pH 7.3 included the use of viable and heat-inactivated cells, 
fetal bovine serum levels, and temperature. 


Keyphrases Membrane diffusion-systems approach to drug 
transport, uptake and release of cardiac glycosides by Burkitt lym- 
phoma cells, influence of serum-drug binding, membrane-drug 
binding, cell interior binding, and intrinsic membrane permeabil- 
ity Drug transport-uptake and release kinetics, cardiac glyco- 
sides, Burkitt lymphoma cells, influence of serum-drug binding, 
membrane-drug binding, cell interior binding, and intrinsic mem- 
brane permeability o Mammalian cells, suspension culture-up- 
take and release of cardiac glycosides, systems approach to study 
of drug transport across membranes Cardiac glycosides- 
kinetics of uptake and release by Burkitt lymphoma cells, systems 
approach to drug transport 


The lack of a mechanistic and quantitative under- 
standing of the kinetics of drug transport to the re- 


ceptor site has impeded the quantitative approach to 
drug design. Nearly all previous studies in the field 
have been of a rather descriptive nature; i t  has been 
difficult to separate, for example, the driving force 
factors from the kinetic factors in describing the 
transport and the bioavailability of drugs at the site 
of action from a physical-chemical standpoint. 


Existing evidences indicate that one cannot always 
rely solely on oil-water partition coefficients, blood 
levels of drugs, or rates of intestinal transport as true 
indications of drug availability a t  the site of drug ac- 
tion. It is believed that the developed physical mod- 
els and experimental techniques will give more in- 
sight into drug availability, especially a t  the receptor 
site. The concepts put forth here can be valuable in 
assessing molecular modifications of drugs. This 
study illustrates that collaborative research among 
pharmacokineticists, medicinal chemists, and experts 
in mass transport across biological membranes can be 
very valuable in assessing drug availability. 


This paper describes the mass transport of oua- 
bain, digoxin, and digitoxin in suspension cultures of 
an established cell line. This study evolved from the 
development of various biophysical models (1, 2) and 
the accompanying experimental systems and tech- 
niques. Its significance lies not only in the important 
implication it may have on the understanding of the 
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Table IV-pK,,, Values per Carbon Atom in Alkyl 
Sulfates of Some Esters of N-Methylquinolinium Acids 


N-Methyliodides of 


PKS,, 
Per 


Carbon 
Atom 


in Alkyl 
Sulfates 


2-Ethyl ester quinoline carboxylic acid 
3-Ethyl ester quinoline carboxylic acid 
4-Ethyl ester quinoline carboxylic acid 
5-Ethyl ester quinoline carboxylic acid 
6-Ethyl ester quinoline carboxylic acid 
6-Methyl ester quinoline carboxylic acid 
6-Propyl ester quinoline carboxylic acid 
6-Butyl ester quinoline carboxylic acid 
3-Propyl ester quinoline carboxylic acid 
3-Acetamido ester quinoline carboxylic acid 


0 . 4 7  
0.45 
0 . 4 6  
0 . 5 7  
0 . 4 3  
0 . 4 4  
0 . 5 0  
0 . 5 0  
0.52  
0 . 4 5  


the Hammett u constant, was useful in evaluating the lipohydro- 
philic character of a. molecule upon which biological activity is de- 
pendent (Eq. 2). 


By using the quinolinium methyliodide as PH and the different 
esters of quinolinium acids as P,, values for T were calculated 
(Table 111). 


The change in pK.,, per carbon atom in the alkyl sulfates of the 
esters of the quinolinium acid derivatives was found to have an av- 
erage value of 0.48 (range 0.43-0.57) (Table IV), which is in reason- 
able agreement with the value of 0.44 for each CH2 unit reported 
by Hansch et al. (11) and with the value of 0.46 reported by Plako- 
giannis (7). 
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Oral Absorption Efficiency of Acid-Labile 
Antibiotics from Lipid-Drug Delivery Systems 


SATISHCHANDRA P. PATEL” and CHARLES I. JAROWSKI 


Abstract 0 The utility of cholesterol, cholesteryl acetate, and 8- 
sitosterol in protecting and improving the oral absorption efficien- 
cy of acid-labile antibiotics is discussed. The potassium salts of 
penicillin G and penicillin V and erythromycin lactobionate were 
studied. The stability of the two penicillins in simulated gastric 
fluid was determined iodometrically. The rank order of acid pro- 
tective activity was: cholesteryl acetate > @-sibsterol > cholester- 
ol. Oral administration of erythromycin lactobionate coated with 
cholesteryl acetate produced a twofold increase in human urinary 
excretion of erythromycin when compared with the uncoated ma- 
terial. Potassium salts of penicillin G and penicillin V coated with 
cholesteryl acetate yielded 1.6- and 2-fold higher urine levels, re- 


spectively, as compared with the uncoated candidates. 


Keyphrases 0 Antibiotics, acid labile-oral absorption efficiency 
of penicillin G potassium, penicillin V potassium, and erythromy- 
cin lactobionate from cholesterol, cholesteryl acetate, and @-sib- 
sterol protective carriers 0 Penicillins G and V (potassium)-oral 
absorption efficiency from lipid-drug delivery systems Eryth- 
romycin lactobionate-oral absorption efficiency from lipiddrug 
delivery systems Lipid-drug delivery systems-oral absorption 
efficiency of penicillin G potassium, penicillin V potassium, and 
erythromycin lactobionate from cholesterol, cholesteryl acetate, 
and j3-sitosterol protective carriers. 


Solutions of penicillin G lose 50% of their potency 
in less than 1 min at pH 1 and in about 9 min at  pH 2 
(1). Solutions of penicillin V in 0.1 N hydrochloric 


acid at  3 7 O  were reported to have a half-life of 29 min 
(2). Chemical inactivation of penicillin G in the gas- 
tric fluid has been reported to be responsible for the 
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Table I-Exposure of 100,000 Units of Plain and Lipid-Coated Penicillin G and Penicillin V to Simulated Gastric Fluid for 
1 hr at 37" 


Penicillin Activity Retained, units0 


Samples Exposed 
Units in Units in 
Filtrate Residue 


Percent 
Retained 


Potassium penicillin G 
Plain 
Plus cholesterol (1 : 1) 
Plus cholesterol (1 : 3) 
Plus cholesterol (1 : 6) 
Plus cbolesteryl acetate (1 : 1) 
Plus cholesteryl acetate (1 : 3) 
Plus cholesteryl acetate (1 : 6) 
Plus B-sitosterol (1 : 1) 
Plus 8-sitosterol (1 : 3) 
Plus psitosterol (1 : 6) 


Potassium penicillin V 
Plain 
Plus cholesterol (1 : 1) 
Plus cholesterol (1 : 3) 
Plus cholesterol (1 :6) 
Plus cholesteryl acetate (1 : 1) 
Plus cholesteryl acetate (1 : 3) 
Plus cholesteryl acetate (1:6) 
Plus 8-sitosterol (1 : 1) 
Plus f&sitosterol (1 : 3) 
Plus 8-sitosterol (1 : 6) 


1 8 . 8  
70 
52 
46 


103 
92 
78 


110 
86 
82 


532 
602 
554 
483 
263 
243 
197 
302 
265 
231 


- 
520.4 
657 .8  


2259.6 
1507 
1798 
2716 
615.4 
847.7 


2328 


- 
1121 
1709 
2320 
2241 
3010 
3135 
2058 
2755 
2867 


0 .47  f 0 . 0 8  
14.76 + 2 . 0 1  
17.74 f 2.68  
57.67 i 3 . 5 4  
40.27 1 . 9 6  
47.26 f 1 . 0 8  
69.85 f 2 . 1 5  
18.13 f 1.56  
23.31 f 4 . 2 8  
60.25 f 1.98  


13.30 f 0 . 9 6  
43.07 f 1 . 4 3  
56.15 & 2 . 3 6  
70.10 I 4 . 0 7  
67.60 f 2 . 6 9  
81.33 f 2 . 0 2  
83.30 f 3 . 7 8  
58.99 f 1.34  
75.50 f 2 . 2 2  
77.45 f 3 . 6 5  


Each value is an average of three determinations. Mean value &SD. 


poor oral availability of this antibiotic. Attempts to 
minimize its destruction in the stomach by the use of 
enteric-coated preparations have failed since penicil- 
lin G is poorly absorbed beyond the duodenum (3). 
Juncher and Raaschou (4) conducted classic in vitro 
and in vivo studies with various salts of penicillin V 
and sodium penicillin G. The superior acid stability 
of the former was clearly indicated in dissolution 
studies at pH 2. The higher blood levels obtained 
after oral administration of potassium penicillin V 
could be explained on the basis of this greater acid 
stability. 


Vicek and Vondracek (5) reported that various 
concentrations of stearic acid did not influence the 
oral absorption of penicillin V. However, these inves- 
tigators reported that the addition of 2% stearic acid 
to tablets containing the potassium salt of penicillin 
G caused a fivefold increase in blood levels. 


Solutions of erythromycin are highly unstable a t  
gastric pH (6,7). Degradation half-lives of less than 2 
min have been reported for solutions of erythromycin 
and several of its ester derivatives (8). Laboratory 
and clinical investigations have shown that the bio- 


logical availability of a series of erythromycin esters 
was inversely proportional to their dissolution rate in 
0.1 N hydrochloric acid (9, 10). Approximately 2-5% 
of an orally administered dose was excreted in the 
urine whereas 12-15% was found in the urine after an 
intravenous dose (11). 


The water-soluble lactobionate salt is suitable for 
intravenous administration. The stability of this salt 
has been studied (12). 


The GI absorption of drugs administered in lipid- 
containing dosage forms has received little attention. 
Recently, Carrigan and Bates (13) reported that an 
oil-in-water emulsion of griseofulvin was absorbed 
2.5-fold better than an aqueous suspension. Earlier 
studies in this laboratory (14) showed that the rate 
and extent of salicylate oral absorption were not im- 
paired even when large excesses of cholesterol, cho- 
lesteryl acetate, or 0-sitosterol were present. On the 
other hand, these lipid-coated salicylates exhibited 
slow rates of dissolution in simulated GI fluids at 
37'. Such a marked difference between the in vitro 
dissolution and the in vivo rate of absorption was 
surprising. Cholesterol in cholesterol-hormone 


Table 11-Urine Recovery of Erythromycin in Two Human Adults after Oral Administration of Various Erythromycin 
Samples (500,000 pg of Activity) 


Erythromycin Activity 
Recovered in the Urine, pg 


Sample Administered Subject 
Percent 


0-12 hr 12-24 hr Total 24 hr Excreted 


Erythromycin stearate film-coated tablet C.I.J. 14,538 4,456 18,994 3 . 8 0  
S.P.P. 1,372 - 0  1,372 0 . 2 7  


Erythromycin lactobionate C.I.J. 20,064 -a 20,064 4 . 0 1  
S.P.P. -a - 0  -a -n 


Erythromycin lactobionate plus cholesteryl C.I.J. 29,120 2,064 31,184 6 . 2 4  
acetate (1 : 6) S.P.P. 2,775 4,370 7,145 1 . 4 3  


Available data do not permit calculation since the erythromycin activity was less than the standard used. 
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mixtures enhanced the permeation of the latter 
through lipoidal membranes (15,16). 


These observations led to the present investigation 
of the utility of cholesterol, cholesteryl acetate, and 
8-sitosterol as protective carriers for acid-labile anti- 
biotics. The antibiotics selected were the potassium 
salts of penicillin G and penicillin V and erythromy- 
cin lactobioaate. 


EXPERIMENTAL 


Materials-The following were used potassium benzylpenicilli- 
nate' (USP), potassium phenoxymethylpenicillinatel (USP), 
erythromycin lactobionate2 USP, cholesterol3 USP, cholesteryl ac- 
etate3, &sitostero13, erythromycin stearate film-coated tablets2 
USP, iodine solution? (0.1 N ) ,  soluble starch4, sodium thiosulfate 
solution4 (0.1 N ) ,  chloroform5 NF, sodium hydroxides (reagent 
grade), potassium phosphate4, anhydrous monobasic (reagent 
grade), potassium phosphate4 (anhydrous dibasic, reagent grade), 
and hydrochloric acid6 (reagent grade). 


Equipment-The following were used: a constant-temperature 
shaker bath', a pH mete$, a microburet (50 divisions/ml), a gyro- 
tory incubator shake$, brass sieves10, an immersion filter" [1.7 X 
5.1 cm (0.7 X 2 in.), medium porosity], a Swinny adaptor12 (13 
mm), and a filter disk12 (13-mm diameter, 0.45 pm). 


Preparation of Lipid-Coated Penicillins-Samples for the in 
uitro stability and in uiuo bioavailability studies were prepared in 
drug-lipid ratios of 1:1, 1:3, and 1:6 by the following procedure. A 
weighed quantity of potassium penicillin G (252.36 mg = 400,000 
units) or potassium penicillin V (266.66 mg = 400,000 units) was 
placed in a glass mortar. A weighed quantity of cholesterol, cho- 
lesteryl acetate, or &sitosterol for an appropriate ratio was dis- 
solved in a minimum quantity of chloroform to produce a saturat- 
ed solution of lipid in chloroform. A 2-ml aliquot of this solution 
was poured onto the penicillin powder and gently triturated with a 
pestle. 


During this procedure, a gentle flow of nitrogen gas was intro- 
duced to accelerate the evaporation of the chloroform. The sample 
was dried to a semisolid consistency. This procedure was repeated 
until the required quantity of lipid had been added. The final mix- 
ture of penicillin and lipid was doughy in consistency. The doughy 
mass was pressed through a 20-mesh sieve to form small granules. 
These granules were dried in a current of nitrogen and then dried13 
overnight at 37O. The dried granules were passed through a 20- 
mesh sieve and caught on a 40-mesh sieve. The 20-40-mesh frac- 
tion of penicillin-lipid granules was used for the in uitro stability 
and in uiuo oral absorption studies. 


Preparation of Lipid-Coated Erythromycin-Lipid-coated 
erythromycin lactobionate was prepared for an in uiuo study as 
follows. A vial of erythromycin lactobionate powder for intrave- 
nous use containing 1 g of erythromycin activity and 180 mg of 
benzyl alcohol was quantitatively transferred to a glass mortar. To 
this powder mixture was added 6 g of cholesteryl acetate in chloro- 
form in a similar manner to that already described. Dried, lipid- 
coated granules, 20-40 mesh, were obtained. 


Procedure for In Vitro Stability Testing of Various Lipid- 
Coated Penicillins-An amount of granules corresponding to 
100,OOO units of penicillin activity was added to 25 ml of simulated 
gastric fluid (USP XVIII) without pepsin (pH 1.2) a t  37' con- 
tained in 120-ml (4-fluid oz) amber-colored bottles. The bottles 


Pfizer Inc., New York, N.Y. 
Abbott Laboratories, North Chicago, Ill. 


3 K and K Laboratories Inc., Plainwew, N.Y. 
'Fisher Scientific Co., Fair Lawn, N.J. 
6 Matheson, Coleman and Bell, Norwood, Ohio. 
J. T. Baker Chemical Co., Phipshurg,  N.J. 


7 Model W.B.R., New Brunswick Scientific Co., New Brunswick, N.J. 
Beckman Zeromatic, Beckman Instrument Co., Fullerton, Calif. 


9 Model G-27, New Bruhswick Scientific Co., New Brunswick, N.J. 
loU.S. Series designation [12.7 cm (5 in.) diameter]: No. 10, 2000 fim (9 


mesh); No. 14, 1410 pm (12 mesh); No. 18, 1000 gm (16 mesh); No. 35, 500 
pm (32 mesh); No. 60, 250 pm (60 mesh); and No. 140, 106 pm (150 mesh); 
Arthur H. Thomas Co., Chicago, Ill. 


"Arthur H. Thomas Co., Chicago, Ill. 
'*Millipore Corp., Bedford, Mass. 
13 Drierite. 


Table 111-Antibiotic Urine Recovery in  Two Adults 
after Oral Administration of Plain and  Lipid-Coated 
Potassium Salts of Penicillin G and Penicillin V (Single Dose 
of 400,000 Units) 


Urine Recovery, % 


Subject C.I.J. Subject S.P.P. 
Sample Administered 0-4 hr 4-8 hr 0-4 hr 4-8 hr 


Potassium penicillin G 
Plain 19 .95  3 .99  18 .20  1 .89  
Pluscholesterol (1:6) 25.11 7 .01  22.84 4 .10  
Plus  cholestervl acetate 30.11 8 .70  25.03 8 . 9 1  


(1:6) 
Plus 8-sitosterol (1 :6) 29.94 3 .OO 24.90 2.96 


Potassium penicillin V 
Plain 29.16 5 . 1 0  22.40 4 .09  
Plus  cholesterol (1:6) 32.08 11.02 31.06 8 .89  
Plus cholestervl acetate 40.79 18 .23  39.98 14.12 


(1:6) 
Plus  8-sitosterol (1:6) 35.74 9 .OO 37 .OO 6 . 0 1  


were tightly screw capped and kept in a 37' constant-temperature 
water bath with a reciprocating motion (stroke 5 cm, 100 times/ 
min). After 1 hr, the undissolved penicillin was filtered off. The fil- 
trate was passed through a 0.45-pm filter and assayed for penicillin 
by a modified iodometric method (17). 


The residue remaining after filtration was dried in an oven at  
37O overnight. The residue was dissolved in 10 ml of chloroform, 
and the chloroform solution was extracted with four 10-ml por- 
tions of pH 6 phosphate buffer. The four phosphate buffer extrac- 
tions were combined and assayed iodometrically for penicillin 
(Table I). 


Bioavailability of Erythromycin from Lipid-Coated Gran- 
ules and Film-Coated Tablets-Two healthy adult male subjects 
were used for a bioavailability study of lipid-coated erythromycin 
lactobionate granules following oral administration after an over- 
night fast. Urine samples were pooled to represent collection inter- 
vals of 0-12 and 12-24 hr and were kept frozen in dry ice until they 
were analyzed for erythromycin microbiologically14. The following 
preparations were compared in a crossover study: erythromycin 
stearate film-coated tablets2, 500 mg of activity; erythromycin lac- 
tobionate powder, 500 mg of activity; and erythromycin lactobio- 
nate granules containing cholesteryl acetate (1:6), 500 mg of activ- 
ity (Table II). 


Bioavailability of Penicillin G and Penicillin V from Lipid- 
Coated Granules-Initial screening for the bioavailability of the 
penicillins was conducted in two healthy human adults to ascer- 
tain the best lipid-coated candidates for the larger panel. The two 
subjects were dosed with 400,000 units of uncoated penicillin after 
an overnight fast and were instructed to fast an additional 3 hr 
after the dose was administered. Pooled urine samples represented 
0-4- and 4-8-hr collections. Urinary recovery of penicillin from the 
test preparations was determined microbiologically using Sarcina 
lutea (ATCC-9341) as the test organism (17). Each of the three 
lipids, a t  an antibiotic-lipid ratio of 1:6. was then crossed over in 
the same two individuals (Table 111). 


In a similar fashion, a panel of six human adults was used to 
compare the bioavailability of the two penicillins coated with cho- 
lesteryl acetate (1:6) (Table IV). 


RESULTS 


In Table I it  can be seen that penicillin V is more stable than 
penicillin G in simulated gastric fluid. After 1 hr, 13.3 i 0.96% of 
penicillin V was retained whereas only 0.47 f 0.08% of penicillin G 
remained. The stabilizing effect of the lipid coatings is also appar- 
ent. As the lipid concentration is increased, the penicillin activity 
in the filtrate is diminished and the potency retained in the resi- 
due is increased. For example, in going from antibiotic-lipid ratios 
of 1:1, 1:3, and 1:6 in the case of the potassium salt of penicillin 
G-cholesteryl acetate, the filtrates contained 103,92, and 78 units, 


l4 The microbiological assays were conducted by Ruth Wallace, Pf ier  Inc. 
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Table IV-Antibiotic Urine Recovery (Percent) in Six Adults after Oral Administration of Plain and Cholesteryl Acetate- 
Coated (1 : 6) Potassium Salts of Penicillin G and  Penicillin V (Single Dose of 400,000 Units) a 


Potassium Penicillin G Potassium Penicillin V 
Plain Lipid Coated Plain Lipid Coated 


Subject 0-4hr 4-8 hr 0-4 hr 4-8 hr 0-4 hr 4-8hr 0-4 hr 4-8 hr 


S.P.P. 18.20 1 . 8 9  25 .ll 8 . 9 1  22.40 4 . 0 9  39.97 14.21 
C.I.J. 21.78 3 . 0 9  30 . ll  8 . 7 0  29.16 5 . 1 0  40.79 18.24 -~ 
F.S. 19.73 3 . 8 4  26 .S7 10.12 29.02 3 . 0 6  40.11 16 .62  
R.P.K. 20.82 3 . 7 4  28.82 10.57 31 .82  3 .97  42.29 19.09 
M.S. 17.73 2 . 8 6  26.91 9 .08  30.23 3 . 3 0  44.35 13.50 
E.A. 16.14 2 . 9 8  21.97 7 . 8 3  26.15 4 . 0 9  37.27 16.92 
Average 19.07 3 . 0 7  26.63 9 . 2 1  28 .12  3 .94  40 .80  16.26 
&SD 4 . 5  1 . 3  5 . 5  1 .9  6 . 8  0 . 7  4 . 5  4 . 3  


Statistical evaluation of the data by the Student t test gave the following p values: potassium penicillin G. plain WMIS coated, 0-4 hr, p < 0.05, and 4-8 
hr, p < 0.001; potassium penicillin V. plain wrsw lipid coated, @-4 hr, p < 0.01, and 4-8 hr, p < 0.001. 


respectively. The antibiotic potency retained in the residues, as 
anticipated, increased (1507,1798, and 2716 units, respectively). 


Cholesteryl acetate was the most protective of the three lipids 
studied. It was not surprising ta find that the oral absorption effi- 
ciency for both the penicillins was best when cholesteryl acetate 
was employed as the lipid coating (Table 111). The urine recovery 
data from a six-patient croasover study are shown in Table IV. The 
higher antibiotic potency recovered was statistically significant for 
either penicillin coated with cholesteryl acetate (1:6) when com- 
pared with the urine levels obtained with uncoated material. 


In Table I1 it can be seen that the acid-labile erythromycin lac- 
tobionate yielded higher antibiotic urine levels when coated with 
cholesteryl acetate in a ratio of 1:6. In addition, for both subjects 
there was a greater urine recovery of erythromycin after oral ad- 
ministration of the lipid-coated lactabionate as compared with 
erythromycin stearate. 


Thus, it has been shown that the acid-labile antibiotics, penicil- 
lin G, penicillin V, and erythromycin, can have their oral availabil- 
ity enhanced by the application of a protective lipid coating such 
as cholesteryl acetate. Furthermore, the significantly higher 4-8-hr 
urine recoveries of antibiotic from the lipid-coated penicillins are 
indicative of a more prolonged systemic action. It appears from the 
presented data that further exploration of the utility of lipids as 
drug delivery systems is warranted. 
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Table V-Incremental Constant Evaluating Effect of 
Molecular Modsca t ion  of Side Chain of Cholesterol on 
Permeability and Partition Coefficients of Desmosterol 
and p-Sitosterol 


Incremental Constant 


Parameter Desmosterol 8-Sitosterol 


KaterodKchaleaterol 3 . 2 6  0.65 
Pstsrol/Pcholssterol 3 . 0  0 . 5 3  


permeability coefficients by a factor of two. The interpretation of 
these molecular modifications of cholesterol is unclear. It is appar- 
ent that the expectation of increased partition coefficient with de- 
creasing polarity of the solute is not found here. 
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Systems Approach to Study of Solute Transport across 
Membranes Using Suspension Cultures of Mammalian 
Cells V: Uptake and Release Kinetics of 
Cardiac Glycosides by Burkitt Lymphoma Cells 


J.’S . TURI *x, N. F. H. HO *, W. I. HIGUCHI $,and 
C. SHIPMAN, Jr. 5 


Abstract 0 Mass transport studies with three cardiac glycosides 
in the Burkitt lymphoma cell system have provided significant ex- 
amples of the factorization and quantification of the influences of 
serum-drug binding, membrane-drug binding, cell interior bind- 
ing, and intrinsic membrane permeability upon the uptake and re- 
lease kinetics of drugs in living cell systems. All of the data from 
the glycosides are in agreement with the general physical model in- 
volving the rapid equilibration of the solute within the cell after 
permeation through the rate-determining plasma membrane bar- 
rier. The transport of digitoxin was influenced by membrane and 
serum binding and that of digoxin was influenced by membrane 
binding. There was no binding of ouabain to the plasma membrane 
and serum. The variables in the uptake and release kinetic studies 
at pH 7.3 included the use of viable and heat-inactivated cells, 
fetal bovine serum levels, and temperature. 


Keyphrases Membrane diffusion-systems approach to drug 
transport, uptake and release of cardiac glycosides by Burkitt lym- 
phoma cells, influence of serum-drug binding, membrane-drug 
binding, cell interior binding, and intrinsic membrane permeabil- 
ity Drug transport-uptake and release kinetics, cardiac glyco- 
sides, Burkitt lymphoma cells, influence of serum-drug binding, 
membrane-drug binding, cell interior binding, and intrinsic mem- 
brane permeability o Mammalian cells, suspension culture-up- 
take and release of cardiac glycosides, systems approach to study 
of drug transport across membranes Cardiac glycosides- 
kinetics of uptake and release by Burkitt lymphoma cells, systems 
approach to drug transport 


The lack of a mechanistic and quantitative under- 
standing of the kinetics of drug transport to the re- 


ceptor site has impeded the quantitative approach to 
drug design. Nearly all previous studies in the field 
have been of a rather descriptive nature; i t  has been 
difficult to separate, for example, the driving force 
factors from the kinetic factors in describing the 
transport and the bioavailability of drugs at the site 
of action from a physical-chemical standpoint. 


Existing evidences indicate that one cannot always 
rely solely on oil-water partition coefficients, blood 
levels of drugs, or rates of intestinal transport as true 
indications of drug availability a t  the site of drug ac- 
tion. It is believed that the developed physical mod- 
els and experimental techniques will give more in- 
sight into drug availability, especially a t  the receptor 
site. The concepts put forth here can be valuable in 
assessing molecular modifications of drugs. This 
study illustrates that collaborative research among 
pharmacokineticists, medicinal chemists, and experts 
in mass transport across biological membranes can be 
very valuable in assessing drug availability. 


This paper describes the mass transport of oua- 
bain, digoxin, and digitoxin in suspension cultures of 
an established cell line. This study evolved from the 
development of various biophysical models (1, 2) and 
the accompanying experimental systems and tech- 
niques. Its significance lies not only in the important 
implication it may have on the understanding of the 
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OUABAIN DI GOXIN DI GITOXIN 


Figure 1-Schematic physical model of the uptake transport of 
the cardiac glycosides. The term Co is the concentration of drug 
outside of the cell, Ci is the concentration inside of the cell, C. 
is the concentration adsorbed on the plasma membrane surface, 
and  Co* is the concentration of serum-bound drug. 


pharmacokinetics of the cardiac glycosides in hu- 
mans but also, from the standpoint of methodology, 
in providing examples of the factorization and quan- 
tification of the influences of serum-drug binding, 
membrane-drug binding, cell interior binding, and 
the intrinsic membrane permeability upon the up- 
take and release kinetics of drugs in living cell sys- 
tems. 


EXPERIMENTAL 


Materials and Methods-The materials, methods, and proce- 
dures in the cultivation and preparation of Burkitt lymphoma cells 
were described previously (3). The uptake and release kinetic ex- 
periments of radiolabeled ~ u a b a i n - ~ H ,  d i g ~ x i n - ~ H ,  and digitoxin- 
3H cardiac glycosides' were conducted in a manner identical to 
that employed previously for cholesterol, desmosterol, and 0-sito- 
sterol (3,4).  


In the uptake studies, the drug was added to 100-ml water-jack- 
eted spinner flasks2 containing about 4 X l@ viable cells in 100 ml 
of culture medium at  pH 7.3, under isoosmotic and sterile condi- 
tions. The suspending medium contained modified McCoys 5A, 
basal medium Eagle, balanced salt solution, penicillin G (50 units/ 
ml) and amphotericin B (1 c(g/100 ml). The variables included fetal 
bovine serum concentrations, drug concentrations, and tempera- 
ture. 


To follow changes in drug concentration with time, 5-ml samples 
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Figure 2-Uptake of ouabain at 26O by viable and  nonviable 
Burkitt cells a t  various fetal bovine serum concentrations. 
The solid curve represents the best theoretical fit of the model by 
nonlinear regression analysis. Key: 0, 0%; 0, 15%; m, 30%; 
and Q, 0% (heat-inactivated cells). 


New England Nuclear Carp., Boston. Mass. * Bellco Class, Inc.. Vineland, N.J. 


were centrifuged in thrombocytocrit tubes a t  5000Xg for 10 min 
and both the cell and extracellular fractions were assayed by liquid 
scintillation counting. Total cell numbers in the samples were de- 
termined3. 


To study the release kinetics, the static equilibration technique 
was used to load the cells with the radiolabeled drug. Viable cells 
in culture suspension were allowed to mix with the drug a t  26" for 
a t  least 48 hr. Thereafter, the equilibrated cells were washed and 
resuspended in fresh medium and the release studies followed the 
sampling procedure for the uptake studies. 


Uptake and release kinetic studies were performed at  26,30, and 
33O. Although somewhat removed from the physiological tempera- 
ture of 37O, these temperatures were chosen to prevent cell divi- 
sion during the experiments and yet sustain a level of metabolic 
activity. 


In some instances, nonviable cells were utilized. These were cells 
in which the cellular enzymes were inactivated by heat a t  50" for 
30 min. Viability was assessed by the erythrocin B dye exclusion 
method. When viable cells were used, at least 90% of the cell popu- 
lation remained viable after 24 hr and 50% was viable after 48 hr. 
As indicated by the particle counter and multichannel pulse height 
analyzer, the cell population and the quite narrow size distribution 
at  the beginning and end of the experiments were essentially su-  
perimposable. 


The methods and procedures of these kinds of experiments have 
already been shown to be precise, accurate, and reproducible. 
There was less than 2% drug entrapment in the centrifuged cell 
plug, well within the experimental error. These experimental tech- 
niques are highly quantitative when the transport rate is essential- 
ly membrane controlled (i.e., low permeability coefficient), as was 
shown in the sterol studies and in this present study. Refined tech- 
niques are being developed for situations when the transport rate 
becomes less membrane controlled and more controlled by the 
stagnant aqueous layer about the cell. 


To evaluate drug-serum binding, the experimental dialysis 
setup used two spinner flasks of 150-ml capacity each and a dialy- 
sis membrane placed at  the flanged connection. The surface area 
of the exposed membrane was 5.07 cm2 and had a pore size of 24 A. 


Uptake and Release Kinetics of Ouabain-Theoretical- 
The kinetics of cell uptake and release of ouabain can be explained 
by Model 1, the simplest of the various models previously derived 
(2). Figure 1 is a schematic illustration of the passive transport of 
unbound drug molecules across the rate-determining plasma mem- 
brane with rapid distribution of the drug in the heterogeneous cell 
interior. There is no binding of the drug to the surface of the cell 
nor to the serum and other components comprising the external 
medium of the culture suspension. 


The uptake transport function of this model, UF ,, is: 


A = T / V ,  


where a is the radius of the cell, n is the number of cells, V, is the 
volume of a cell, V O  is the volume of the external aqueous phase, T 
is the total amount of drug in the system, Ci is the concentration 
of drug in a cell, K is the intrinsic partition coefficient, P is the in- 
trinsic permeability coefficient of the plasma membrane, and t is 
time. The initial boundary condition is Ci(0) = 0. 


A plot of UF 1 versus t in minutes is linear with a slope equal to 
P in units of centimeters per second. The permeability coefficient 
can also he found by nonlinear regression analysis of the nonlinear 
form of Eq. 1. In both cases, the intrinsic partition coefficient must 
be first determined. 


For initial rates, Eq. 1 reduces to: 


3PT c, = - - 1  
av" 


(Eq. 4) 


Coulter counter model A. 


632 /Journal of Pharmaceutical Sciences 







Table I-Permeability and Partition Coefficients of Ouabain at Various Temperatures and  Fetal Bovine Serum 
Concentrations from Uptake Kineticsu 


Fetal  
Bovine 
Serum, 


% 


0 
Ob 
5 


15 
15" 
30 


Intrinsic Partition Coefficient K Intrinsic Permeability Coefficient P, cm/sec x 108 


26 O 30 33 26 ' 30 ' 33 


7.69 f 0.84 12.2 3z 0 . 8  16.0 & 1 . 0  20.7 3 .1  2.08 f 0.43 
14.0 -. - 2.38 -~ 


4.78 f 0 .03  
13.0 dz 1 . 4  14.0 f 1 . 7  15.0 f 2.8 1.73 f 0.11 2.76 f 0.12 4.38 f 0.04 


4.35 f 0.14 11 .3  I!= 1 . 5  -. 


4.18 f 0 . 1  
- - 


- - 16.5 f 0.7 -~ - 


- - 
~~ 16.0 f 1 .4  2.49 f 0 . 1  - 


-. 16.0 + 1 .0  1 .58  f 1.53 


" The values of K were found from the equilibrium data according to Eq. 5, and the values of P were found from nonlinear regression analysis of the model. 
Heat-inactivated Burkitt lymphoma cells used here; viable cells in culture suspension were utilized in all other studies. Partition and permeability coef- 


ficients were calculated from release kinetics from viable ceLls at 30" using 15% fetal bovine serum. 


Thus, the intrinsic permeability coefficient can be readily obtained 
from the initial slope of a Ci versus t plot. 


The intrinsic partition coefficient can be experimentally found 
from the equilibrium condition, i.e., when (dCJdt), =_ = 0; thus: 


(Eq. 5 )  


where CO, ,  and CL,- are the concentrations of drug in the external 
medium and cell a t  equilibrium, respectively. 


The release transport function, R F I ,  is expressed by: 


R F ,  = - a In [ - A ] -Pt (Eq. 6 )  180B BC,(O) - A 


The initial boundary condition is C, = C;(O). 
Analysis of Results-Figure 2 shows the uptake kinetics of oua- 


bain by viable cells a t  three fetal bovine serum concentrations at 
26' and by heat-inactivated cells with no fetal bovine serum. The 
partition coeff-icients are found from the plateau region of these 
plots. As illustrated in Fig. 3, the application of theory (Eq. 1) to 
the data yields the predicted linear relationship of the uptake 
transport function, UF 1, versus time. 


The permeability coefficients, found by the best theoretical fit 
of the data in Fig. 2 and linear regression of the plot in Fig. 3, were 
not significantly different from each other. Table I summarizes the 
phenomenological transport constants of ouabain with respect to 
the Burkitt cell under varying conditions of temperature, cell via- 
bility, and fetal bovine serum concentration. 


The following observations and comments can be made: 
1. A t  any specific temperature, there are no significant differ- 


ences between the permeability coefficient and partition coeffi- 
cient themselves a t  the 15 and 30% fetal bovine serum levels. This 
is an indication that there is no occurrence of ouabain-serum bind- 
ing, which will be further corroborated by dialysis experiments in 
the next section. However, these coefficients appear to be larger a t  
0% fetal bovine serum with respect to those a t  15 and 30% fetal bo- 
vine serum, and the deviation tends to increase with increasing 
temperature. A similar observation was noted with the transport of 
cholesterol, desmosterol, and p-sitosterol a t  26" with the Burkitt 
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Figure 3-Profiles of uptake kinetics of ouabain at various 
fetal bovine serum concentrations at 26' according to the linear 
predictions of Eq. 1.  Solid lines are least-squares lines. Key:  
0, 0%; (3, 15%; #, 30%; and 0, 0% (heat-inactivated cells). 
Faster uptake kinetics at 0% fetal bovine serum are attributed 
to altered integrity of the plasma membrane when m serum is 
present. 


cells (4) and unpublished findings of digitoxin with red blood cells 
a t  0% fetal bovine serum in these laboratories. There apparently is 
some degree of alteration of the plasma membrane in the absence 
of serum and the change is more apparent a t  higher temperatures. 


2. There is a temperature dependence in the permeability coef- 
ficients. After applying the Arrhenius-type relationship of the per- 
meability coefficients to temperature, the heat of activation is 
found to be about 24 kcal/mole. The temperature dependence of 
the partition coefficients is very small. 


Eualuation of Serum Binding by Dialysis -According to the 
setup of the dialysis experiments, the rate of dialysis is: 


(Eq. 5) 


and, with C,(O) = 0, the solution is described in the following man- 
ner: 


where C d  and c, are the total concentrations of the drug in the 
donor and receiving compartments of equal volume, respectively; 
V ,  is the volume of solution of the receiving compartment; A, is 
the effective surface area of the dialysis membrane; P,, is the ef- 
fective permeability coefficient of the membrane; t is the time; and 
DF is the dialysis function. 


A plot of D F  versus t in minutes gives a straight line with a slope 
of P,, in centimeters per second. The long times required to reach 
equilibrium are due to both the small effective surface area-to-vol- 
ume ratio of 1:40 and also the pore size of the dialysis membrane of 
24 A diameter as compared to the molecular size of the cardiac gly- 
cosides. 


The results in Fig. 4 clearly show that there is no serum binding 
with ouabain as well as digoxin. The dialysis profiles are identical 
between both of these cardiac glycosides a t  zero and 30% fetal bo- 
vine serum at  26' and pH 7.3. However, digitoxin does adsorb to 
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Figure 4-Kinetics of dialysis of ouabain, digoxin, and 
digitoxin in the presence of fetal bovine serum at 26O. The 
dialysis function is defined by Eq. 8. Key: (3, digitoxin-O%; 
M, digitoxin-30yo; 0, digoxin-0%; 0. digoxin-30%; and 
e, ouabain-30%. Ouabain with no fetal bovine serum was 
similar to ouabain-30% fetal bovine serum. Taken together, the 
data show that ouabain and digoxin do not bind to fetal bovine 
serum while digitoxin does. 
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Table 11-Evaluation of P la sma  Membrane-Digoxin Equilibrium Binding Cons tan t ,  Khm, under  Varying Conditions 
of Init ial  D r u g  Concentrations, S e r u m  Levels, and Tempera tu re  f rom U p t a k e  Kinet ic  Studiesn 


Init ial  Amoun t  
Fe ta l  Bovine Adsorbed per loG T o t a l  Amoun t  of Drug in 


Temperature  Serum, % Cells, d p m  5 ml Suspension, d p m  Kbm 


26 ' 0 210 3.28 X lo6 1.82 
15 228 3.22 x 105 1.96 


33 O 0 295 6.98 x 105 1.20 
5 290 6.57 X lo5  1.24 


15 
30 


285 
294 


6.25 x 105 
7.05 X lo5 


1 .28  
1.17 


The Kb, is 1.89 at 26" and 1.22 a t  3 3 O .  


fetal bovine serum. Similar findings were reported previously (1). 
Uptake and Release Kinetics of Digoxin-TheoreticaI-The 


kinetics of cell uptake and release of digoxin can be appropriately 
described by Model 4 (Z), in which the unbound drug permeates 
passively across the plasma membrane and distributes rapidly in 
the heterogeneous interior of the cell (Fig. 1). However, there is an 


ternal side of the plasma membrane. The membrane-bound drug is 
in equilibrium with the free drug in the external medium; there is 
no significant binding of the drug to the serum in the medium. 


by: 


U F ,  = - 


a cell a t  zero time and is determined by extrapolation of a A, 
(amount of drug per cell) uersus t plot to t = 0. 


The experimental partition coefficient, K,,, is determined from 
the equilibrium transport conditions; thus: 


c,, c,, + KhCtI, 
Co. m Co m 


(Eq. 14) K = - =  
CI instantaneous, reversible binding of the drug molecules to the ex- 


whereupon, with E ~ .  5: 


According to the model, the uptake transport function is given K,, = K + K b m  (E4. t5) 


As one observes, the intrinsic partition coefficient K is readily cal- 
culated once K,, and Kbm are found from the experimental data. in [ - GC' ] = pt  (Q. 9, 


4 1  + K d )  
1W F - GC,(O)  The release transport function, RF4, is described by: 


F = (1 + %x The model described here for digoxin is not apparently distin- 
guishable from another model (Model 5 in Ref. 2), in which not 
only the unbound drug but also the external membrane-bound 
drug permeates across the plasma membrane into the cell. The 
mathematical exmessions. such as Eas. 9 and 16. are identical in 


(Eq. 11) 


(k. 12) 


where Kbm is the plasma membrane-drug equilibrium adsorption 
constant; K and P are the intrinsic partition and permeability 
coefficients, respectively; C, is the concentration of drug in the 
cell, which includes the drug within the cell and the drug adsorbed 
to the external surface of the plasma membrane; and C,(O) is the 
cell concentration a t  zero time and is equal t o  the initial surface- 
adsorbed drug concentration. I t  follows that the intrinsic perme- 
ability coefficient can be obtained from the application of the lin- 
ear or nonlinear form of Eq. 9. 


The membrane-drug equilibrium adsorption constant may be 
found by: 


The A,,o is the amount of drug bound to the plasma membrane of 
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Figure 5-Uptake rate of digoxin at 26 and 33O by viable 
Burkitt cells at various fetal bovine serum levels. Solid curves 
represent Uze best theoretical fit of the model by nonlinear regres- 
swn analysis. Key:  A, 0% (26'); A, 15% (26O); 0, 0% 
(33'); 0,5% (33'); ~ 1 5 %  (33'); and ., 30% (33'). 


form for both mddels. Since the authdrs cannot readily see any ac- 
cessible experimental means to distinguish Model 5 from this 
Model 4 and, moreover, believe that the permeability coefficient of 
the unbound drug is much greater than the permeability coeffi- 
cient of the membrane-bound drug, Model 4 is considered appro- 
priate for describing the cell transport of digoxin. 


Analysis of Results-The profiles of the percent of digoxin 
taken up by the cells with time in Fig. 5 illustrates several inter- 
esting points. The identical uptake profiles of the 5, 15, and 30% 
fetal bovine serum cases a t  33" demonstrate that  digoxin does not 
appreciably bind to the serum. This finding is in agreement with 
the conclusions of the dialysis experiments. Consistent with the re- 
sults of the ouabain studies, the uptake rate is faster when there is 
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Figure 6-Profiles of uptake kinetics of digoxin at 26 and 
33' and various fetal bovine serum concentrations according to 
the linear predictions of Eq. 9. Key: A, 0% (26'); A, 15% 
(26");  0 , 0 %  (33'); 0,5% (33"); 0, 15% (33");  and W, 30% 
(330). 
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T a b l e  111-Permeability a n d  Partition Coefficients of Digoxin at  Various Temperatures and  Fetal  Bovine Serum 
Concentrations from Uptake and Release Kinetic Studiesa 


Fetal  Intrinsic Intrinsic Permeability Coefficient P, 
Bovine Partition Coefficient K cm/sec X 108 


Tem- Serum, 
perature % Uptake Release Uptake Release 


26 O 0 11.2 f 2 . 1  
15 13.0 f 2 . 6  


2.93 f 0.67 
2.80 f 0.56 


33" 0 17.8 rt 2.7 18.8 =t 2.3 5.01 f 1 . 1  3.52 i 1 . 8  


15 14.7 i 1 . 9  17.8 i 1 .7  3.30 =k 0 .62  3.75 i 1.1 
30 12 .8  f 1.3  16.8 f 1 . 5  3.21 f 0.51 3.74 + 0.8 


3.51 =!= 0.71 - 5 13.8 f. 2 . 2  - 


'' Values of K and P are average i S D .  The intrinsic partition coefficients were calculated from the equilibrium data according to Eqs. 14 and 15. The in- 
trinsic permeability coefficients were found by nonlinear regression analysis of the model. 


no serum present. The uptake rates increase with increasing tem- 
perature. 


In Fig. 5 there are significant intercepts a t  zero time, indicative 
of an initial rapid adsorption of digoxin to the external surface of 
the plasma membrane. The results of further treatment of these 
data by the physical model are given in Table 11. The plasma 
membranedigoxin equilibrium adsorption constant, Kbm, is 1.87 
at  26" and 1.22 a t  33". These constants are independent of the ini- 
tial concentration of digoxin used as well as the concentration of 
fetal bovine serum in the external medium. 


In Figs. 6 and 7, the linearity of the curves derived from the 
treatment of the data for uptake by Eq. 9 and for release by Eq. 16 
supports the physical model described in the Theoretical section. 
Examples of the fit of the model to the data by nonlinear regres- 
sion analysis are shown in Fig. 5. 


The intrinsic permeability and partition coefficients from up- 
take and release studies a t  26 and 33" and various fetal bovine 
serum concentrations are found in Table 111. There is a tendency 
for the intrinsic partition coefficients a t  33O to be slightly higher 
from the release experiments as compared to those from the up- 
take studies. The reason for this may be attributed to cellular 
changes occurring over prolonged periods in the release kinetic 
studies (the total time in loading the cells with digoxin and in the 
release kinetic portion). However, even when a lower partition 
coefficient is used along with a permeability coefficient calculated 
from an uptake experiment, the deviation of the theoretical calcu- 
lations from the experimental points does not appear to be signifi- 
cant. 


Uptake and Release Kinetics of Digitoxin-Theoretical - 
Figure 1 shows the model for the passive transport of unbound di- 
gitoxin across the plasma membrane, with rapid distribution with- 
in the heterogeneous cell interior as well as the instantaneous re- 
versible linear adsorption of the drug to the external cell surface 
and the reversible linear binding with the serum in the external 
media. According to Ref. 2, this system corresponds to the combi- 
nation of Models 2 and 4. 


The mathematical description of this physical model is ex- 
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Figure 7-Profiles of release kinetics of digoxin at 33' and 
various fetal bovine serum levels according to the linear predic- 
tions of Eq. 16. The solid line is derived from least-squares 
analysis. K e y :  0, 0%; a, 15%; and a, 30%. 


pressed by the following uptake transport function: 


F =(1 + %E 


(Es. 19) 


where P, and K, are the effective permeability and partition coef- 
ficients relating to the intrinsic permeability, P, and partition, K ,  
coefficients and serum-drug binding; &, is the equilibrium serum- 
drug binding constant; and (S) is the serum concentration in terms 
of the fraction of the volume of serum added in the total volume of 
the suspension system. 


Before a plot of the uptake function uersus time in minutes can 
be made to calculate the intrinsic permeability coefficient in units 
of centimeters per second from Eq. 17, the constants K, Kb, and 
K b m  must be found. This is readily accomplished by utilizing the 
data from a family of C, uersus t plots at different serum concen- 
trations. The experimental partition coefficient, K,,, is found 
from the equilibrium situation: 
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Figure 8-Uptake rate of digitoxin by viable cells at various 
fetal bovine serum concentrations at 30'. Solid curves rep- 
resent the best theoretical fit of the model by nonlinear regression 
analysis. Key: 0, 0%; and m, 30%. The positive intercept at 
initial time is evidence of membrane binding. The lower inter- 
ceDt for the 30% fetal bovine serum case is due to the influence 
of serum binding and is consistent with the theory (Eqs. 23 and 
24) .  
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Table IV-Effective and Intrinsic Plasma Membrane-Digitoxin Binding Constants at  Various Serum 
Concentrations and Temperatures 


Fetal Intrinsic Membrane Range of Initial 
Bovine Effective Membrane Binding Constanta Binding Constant Kbm Concentration of 
Serum, Digitoxin per 5 ml 


% 26 O 30 O 33" 26" 30 O 33 O dpm 


5 . 9 4  -f 0.47 5 . 8 1  & 0 . 6 5  5 . 2 2  f 0 . 6 7  5 . 9 4  5 . 8 1  5.22 2 X 105-8. 1 X lo5 
- 3 . 8 6  + 0.06  3 . 9 0  3= 0 . 3  - 6 . 2 7  6.49 6 X 10'-3.5 X 10' 


0 
5 


15 ~ 2.76 & 0.27 2 .39  f 0 . 0 9  -~ 7.94 7.17 8 . 4  X 104-1.6 X 108 
30 2.49 f 0.31 1 .69  i 0.13 1 .96  f 0.24  ~ 8.02  9 .80  2 . 5  X 105-8.1 X 105 


* Values represent the averages f S D .  The effective plasma membrane binding constant is defined as Kbm/ (1 + Kb(S)], where&,, is the intrinsic memhrane- 
drug binding constant, Kb is the serumdrug binding constant, and (5') is the fetal bovine serum concentration. The Kb is 12.5 at 30" and 13.3 at 33'. 


Table V-Effective Partition and  Permeability Coefficients of Digitoxin at Various Fetal Bovine Serum Concentrations and 
Temperatures from Uptake Kinetic StudiesQ 


Fetal 
Bovine Effective Partition Coefficients K, 
Serum, ___ 


Effective Permeability Coefficients P, ,  cm/sec X lo8 
% 26 O 30 O 33 O 26 O 30 O 33 O 


43.7 f 3 . 2  52 .0  f 3 . 5  10 .07  9L 2.48 1 9 . 8  9 L l . 2  23.0 f 1 . 7  
- 1 3 . 0  f 2 . 1  15 .3  + 1 . 1  


2 8 . 6  =t 0 . 9  
- 2 5 0 * 2 8  3 5 3 1 4 9  


0 
5 


15 -~ 14:3 =t 312 22.5 =t 211 _. 6T99 f 0.88  12 .2  f 3 . 0  
30 1 0 . 7  f 2 . 1  8 . 0  =t 1 . 4  1 2 . 0  f l . 4  2 .27  f 0 . 3 3  4 . 0 5  f 0 . 2 1  4 . 9 1  f 0.14  


a All values represent averages f SD. The K ,  is obtained from the equilibrium data and the Pe from nonlinear regression analysis of the model; K. and P e  are 
defined by Eqs. 18 and 19. 


In turn, the membrane-drug binding constant is obtained from 
the initial condition: 


The release transport function, RF2.4, according to the model is: 


oh. asT 
Analysis of Results-In Fig. 8, the decrease in the rate of up- 


take of digitoxin at 30' with increasing concentrations of fetal bo- 
vine serum and the percent of the drug associated with the cells a t  
zero time found by extrapolation give evidence that there is bind- 
ing of the digitoxin not only to the components of the serum but 
also to the external surface of the plasma membrane4. Similar 


~~ 
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Figure 9-Normalized plot of the effective permeability and 
effective partition coeficients of digitoxin as a function of fetal 
bovine serum concentration. The solid curve represents the least- 
squares lines. Key :  0, Pan/Pe; and 0, K,,/K,. 


From recent unpublished findinRs, there appears to be a rapid uptake of 
digitoxin within the 1st min for which a mechanistic interpretation can- 
not be made from the kinetic data alone. Taking the uptake and release 
studies together, it is deemed unlikely that the plasma membrane is not the 
rate-determining barrier. Autoradiographic studies within this 1-min pericd 
are being pursued to examine the distribution of digitoxin on the cell pe- 
riphery and inside the cell. 


plots are also observed with the uptake experiments a t  26 and 33". 
The interpretation of serum-digitoxin binding is corroborated by 
the results of the dialysis experiments described earlier. 


The values of the effective equilibrium plasma membrane-digi- 
toxin binding constant a t  various temperatures and initial concen- 
trations of digitoxin are found in Table IV. The effective mem- 
brane-digitoxin binding constant decreases with increasing fetal 
bovine serum concentrations. The effective membrane binding 
constant is equal to Kbm/[l + Kb (S) 1, In Fig. 9, the serum binding 
constant, K b .  is equal to 12.5 a t  30' and 13.3 at 33' and, in turn, 
the intrinsic membrane binding constant, Kbm, can be determined. 


It is observed in Table IV that there is no discernible tempera- 
ture dependence on the &,,,, at 30 and 33'. Because the calculated 
Kbm is independent of the range of initial concentrations of digi- 
toxin used with respect to a constant concentration of cells, the as- 
sumption that the concentration of digitoxin adsorbed is linearly 
related to the concentration of unbound species in the external 
fluid is justified. Upon comparing digitoxin with digoxin, the for- 
mer being more nonpolar than the latter, the propensity of digitox- 
in to adsorb onto the plasma membrane is about three times great- 
er. 


Figure 10 shows the linear relationships of the uptake function 
of the experimental data a t  30' versus time a t  different fetal bo- 
vine serum concentrations as predicted by the model. The linear 
plots of P30/Pe and K30/Ke versus percent of fetal bovine serum 
and the superposition of the points are other indications in sup- 
port of the model (Fig. 9). The slope is equal to Kb/(l + 0.3Kb), 
and the intercept equals 1/(1 + 0.3Kb). Accordingly, the Kb is cal- 


P t  / 
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Figure 10-Profiles of uptake kinetics of digitoxin at 30" 
according to the linear predictions of Eq. 17. Solid lines are 
least-squares lines. K e y :  0, 0% fetal bovine serum;. and W, 
30% fetal bovine serum. 
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Figure 11-Uptake kinetics of digitoxin at 30°, showing no 
effect of antibiotic preservatives in the medium on cell mern- 
brane permeability. Key:  a, 15% fetal bovine serum; and 
0, 15% fetal bovine serum with penicillin G (50 unitslml) 
and amphotericin B sulfate ( I  pgg/lOO rnl). 


MINUTES 


culated to he 12.5, which is equivalent to 92% of the digitoxin being 
bound reversibly to the fetal bovine serum. 


The summary of the phenomenological constants (permeability 
and partition coefficients) and their relationships to serum levels 
and temperature are found in Table V. 


The addition of penicillin G (50 unitdml) and amphotericin B 
sulfate (1 pg/100 ml) to the cell suspension to maintain sterility 
during the transport studies does not seem to have a measurable 
effect on the uptake kinetics of digitoxin at 30' and 15% fetal bo- 
vine serum (Fig. ll). The identical uptake rates by viable and 
heat-inactivated Burkitt lymphoma cells (Fig. 12) indicate that the 
transport of digitoxin does not depend upon the viability of the 
cell and, therefore, is passive. 


The change in the concentration of digitoxin in the cell with 
time in the release kinetic studies and the subsequent data analy- 
sis by the release function are shown in Figs. 13 and 14, respective- 
ly. 


The experimental results of the uptake and release kinetics of 
digitoxin agree well with the model that accounted for the simulta- 
neous reversible membrane-drug and serumarug binding across 
the plasma membrane. This was demonstrated by the linear and 
nonlinear regression analyses of the data with respect to the physi- 
cal model. However, additional comments should be made to de- 
scribe attempts to investigate whether other model variations are 
also applicable. 


The likelihood of irreversible membrane-drug binding, as de- 
scribed by Model 3 (2), is not consistent with the findings that the 
initial concentration of digitoxin bound to the outer surface of the 
plasma membrane is proportional to the initial concentration in 
the external medium (see Table IV). Although the simultaneous 
passive transport of both the membrane-hound and unbound drug 
species across the plasma membrane is a possibility, as described 
by Model 5 (2), this mechanism is deemed less likely on the evi- 
dences presented here. Furthermore, if the permeability of the 
membrane-bound species is smaller than that of the unbound 
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Figure 12-PUptake of digitoxin with time at 33" and 15% 
fetal bovine serum. Key:  0, uptake by viable cells; and 0, 
uptake by heat-inactivated cells. The solid curve is the best-fit 
curve by nonlinear regression analysis of the model. 
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Figure 13-Release rates of digitoxin from viable cells at 33O 
into the surrounding medium containing 5% (0) and 30% 
(w) fetal bovine serum. The cells were initially equilibrated with 
digitoxin using the static procedure. Solid curves represent the 
theoretical fit of the model by nonlinear regression analysis. 


species, this model effectively reduces to the model involving the 
transport of unbound species. 


Simultaneous Uptake Kinetics of Ouabain and Digitoxin- 
Theoretical -This model considers the simultaneous uptake of 
two radiolabeled solutes, such as digitoxidH and ouabain-", by 
cells in suspension. It is assumed that both solutes diffuse inde- 
pendently of each other. Let digitoxin be identified as solute A 
and ouabain as solute B. As shown previously, digitoxin binds to 
the plasma membrane and fetal bovine serum while ouabain does 
not. The cell concentration of both solutes as a function of time is 
described by the following expression (2): 


C n 4 + R ,  = (CcI,+H,eq - C,  HN,ie-hfir + (Cs,o - C, .apq)e-kAl 


(Eq. 26) 


where: 


- + 95) 
a ( K ,  v, 


3P k , = H  a. 28) 


Analysis of Results -The simultaneous uptake of digitoxin and 
ouahain at 26' without fetal bovine serum is shown in Fig. 15. 
Equal concentrations of each cardiac glycoside were added to the 
cell suspension. The memhrane-digitoxin equilibrium constant, 
Kbm, was calculated using the intercept of Fig. 15, the total 
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Figure 14-Profiles of release kinetics of digitonin at 3 3 O  
according to the linear predictions of Eq. 25. Solid lines are 
least-squares lines. Key:  0, 5% fetal bovine serum; and B, 
30% fetal bovine serum. 
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Figure 15-Simultaneous uptake of digitoxin and ouabain 
with time by viable cells at 26" in the absence of fetal bovine 
serum. Experimental points are the sums of both drugs in the 
cells. The solid curve represents the theoretical predicted curve 
from the model using the values of the permeability and parti- 
tion Coefficients and other parameters of both drugs from in- 
dependent experiments. The interpretation is that the transport 
of digitoxin is independent of that of ouabain and vice versa. 


amount of digitoxin, and the number of cells and was found to be 
4.1, which is in reasonable agreement with 5.9 in Table IV. Using 
the intrinsic partition and permeability coefficients of the glyco- 
sides (Tables I and V) and Eq. 26, the theoretical predictions of 
the C,(A+B) uersus time plot is in good agreement with the experi- 
mental findings. Thus, the passive uptake of digitoxin is not af- 
fected by ouabain and vice versa. 


DISCUSSION 


The kinetic transport data of the cardiac glycosides are consis- 
tent with the general physical model involving the rapid equilibra- 
tion of these solutes within the cell after permeation through the 
rate-determining plasma membrane barrier. The passive transport 
of digitoxin is influenced by membrane and serum binding and 
that of digoxin by membrane binding. There is no binding of oua- 
bain to the plasma membrane and serum. 


As reported earlier (3, 4), the sterols (cholesterol, desmosterol, 
and $-sitosterol) provide complementary examples of the occur- 
rence of only serum binding. In all of these cases the unbound drug 
molecules appear to be the only kind involved in the penetration of 
the plasma membrane. Significantly, these studies with the cardiac 
glycosides and sterols not only provide excellent examples of how 
each kind of physical interaction, alone and in combination, affect 
the total transport rate but also demonstrate the method of quan- 
titative factorization of each physical phenomenon and combined 
interaction from the intrinsic transport rate. 


Table VI summarizes the intrinsic phenomenological constants 
factored out by the analysis of the kinetic data. The intrinsic parti- 
tion coefficients are direct indications of how much drug actually 
penetrates the cells. This is an important aspect in the design of 
drug molecules aside from the interaction of the molecule with the 
serum and plasma membrane. The intrinsic permeability coeffi- 


Table VI-Summaryn of Intrinsic Constants  of Cardiac 
Glycosides: Membrane  Binding Cons tan t  (Kbm), Serum 
Binding Cons tan t  (Kb), Part i t ion Coefficient ( K ) ,  a n d  
Permeabili ty Coefficient (P) 


Tem- P ,  


Glycoside tu re  Kam Kb K 108 
Cardiac pera- cm/sec X 


Ouabain 26" 0 0 12.2 1.65 
30" 0 0 15 .0  2.63 
33' 0 0 15.8 4.51 


Digoxin 26' 1.89 0 13 .0  2.80 
33" 1 .22  0 13 .8  3.34 


Digitoxin 26' 5.94 - 29.0 10 .1  
30" 7.41 12 .5  40.0 20 .1  
33' 7 .82  13 .3  59.5 27.4 


cients indicate the rate a t  which the drug molecule penetrates the 
plasma membrane. 


The intrinsic partition and permeability coefficients of ouabain 
are comparable to those of digoxin, while the coefficients for digi- 
toxin, the most nonpolar among the three cardiac glycosides, are 
significantly higher. The lack of the hydroxyl group on the 12-posi- 
tion of digoxin giving rise to digitoxin results in significant binding 
to serum proteins and approximately to a sixfold increase in the 
membrane binding constant. There is also a threefold increase in 
the partition coefficient and a 10-fold increase in the permeability 
coefficient in favor of digitoxin over digoxin with respect to the 
Burkitt lymphoma cells. Thus, ouabain, digoxin, and digitoxin fol- 
low in ascending order of rapidity of their intrinsic transport rates. 
However, ouabain has the more rapid time for the onset and maxi- 
mum intensity of cardiac activity in uivo following an intravenous 
digitalizing dose than does digoxin and, in turn, digoxin acts more 
rapidly than digitoxin (6). Also, the biological half-life is longest 
with digitoxin, followed by digoxin and then ouabain. 


In extrapolating the results of this study with the Burkitt lym- 
phoma cells and fetal bovine serum to the in uiuo situation, this 
study supports the hypothesis that  the onset and duration of car- 
diac activity of these glycosides depend upon their relative tenden- 
cy to bind to serum proteins and nonspecifically to surfaces of cells 
in the circulatory system because the activity depends upon the 
availability of unbound drug species for transport across the mem- 
branes of capillaries and heart muscle cells. The intrinsic uptake 
and release kinetics and membrane binding of the glycosides by 
nonheart muscle cells and tissues will affect the biological half-life. 
The enterohepatic cycling of digoxin and digitoxin and the bio- 
transformation of digitoxin are other influential, kinetically di- 
mensional factors (7). 


In the specific case of digoxin, the rate-determining step for the 
onset of cardiac activity may be the transport of the unbound di- 
goxin across the capillary membrane and not across the membrane 
of the heart muscle cell, since the pharmacological action seems to 
be focused upon a surface interaction on the cell membrane. This 
is indicated by a recent study (8)  correlating the inotropic and 
chronotropic activities of isolated beating neonatal rat heart cells 
in a culture system with membrane-bound digoxin5. 


In Figs. 3, 6, 10, 11, and 14, it is sometimes observed that the 
scatter of the data about the linear regression line increases as the 
transport of the drug proceeds to equilibrium. This is largely due 
to the logarithmic nature of the uptake concentration function; a 
small experimental error in the assay of the drug in the cells leads 
to a more pronounced deviation in these plots near equilibrium. At 
equilibrium the function equals zero and is, therefore, undefined. 
The deviation encountered when linear regression analysis is used 
disappears when the nonlinear regression technique is employed. 


The experimental techniques used here are satisfactory for 
drugs with low permeability coefficients (5 X and smaller) 
and with relatively high partition coefficients (a t  least 5) because 
the sampling time is of the order of 3 min and the centrifugation 
step takes 10 min. Another limitation is the low partition coeffi- 
cient, which leads to analytical problems. Circumvention of this 
analytical constraint might be possible by increasing the cell vol- 
ume fraction. 


The combined usage of the mathematical models and experi- 
mental methodology developed along the guidelines of the models 
demonstrate the advantages of the physical model approach to the 
quantitative analysis of experimental data to yield meaningful 
phenomenological parameters. The far-reaching goal of this ap- 
proach is to predict drug activity in uiuo. This work should be re- 
garded as a useful tool for the examination of many cells and 
tissues and their relationship to drugs that affect them. This sys- 
tem provides an excellent method for quantifying cellular drug 
availability as a function of molecular design. I t  is not intended to 
preclude other distribution and metabolic factors operative in the 
whole animal. 
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Antiarrhythmic Activity of 
3-Amino-3-methyloxindoles 


M. J. KORNET x, P. A. THIO, N. MALONE, and 
W. C. LUBAWY 


Abstract A series of 3-amino-3-methyloxindoles was synthe- 
sized from indoles by modification of previously described proce- 
dures. All compounds showed activity against chloroform-induced 
arrhythmias in mice. One member of the series, 3-methyl-3-piperi- 
dinooxindole, displayed activity equal to that of lidocaine while 
showing only one-third the acute toxicity. 


Keyphrases 3-Amino-3-methyloxindoles-synthesis, antiar- 
rhythmic activity, compared to lidocaine 0 Antiarrhythmic activ- 
ity-3-amino-3-methyloxindoles synthesized and screened 


The authors’ interest in the synthesis and pharma- 
cological evaluation of lidocaine (I) analogs goes back 
several years, and initially attention was focused on 
compounds where the basic group was a hydrazine 
derivative (1). Recent work in these laboratories on 
the chemistry of aminooxindoles (2) has led to an ex- 
pansion of this interest and to the present report con- 
cerning the synthesis and antiarrhythmic activity of 
a series of 3-amino-3-methyloxindoles (11). 


Examination of I1 showed that these compounds 
incorporate the principal structural moieties of the 
local anesthetic and antiarrhythmic drug lidocaine- 
uiz., an aromatic nucleus, an amide linkage, and a 
basic amino group, in a nearly rigid framework. Clos- 
er examination revealed that the title compounds 
possess unique structural features that set them 
apart from lidocaine and its many congeners. Signifi- 
cant differences can be discerned in the stereochem- 
istry of I1 and lidocaine. Thus, I1 has the cis-amide 
configuration, while the protonated form of lidocaine, 


(8) T. B. Okarma, P. Trammel], and S. M. Kalman, J. Pharma- 
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which is supposed to be the active form of the drug, 
has the trans-configuration (3). Another difference is 
found in the coplanarity of the amide carbonyl group 
with respect to the aromatic moiety; steric hindrance 
precludes such a conformation in the lidocaine mole- 
cule (3, 4). Finally, it is worth noting that in 11, in 
contrast to lidocaine, the “activity-controlling dis- 
tance” (5) between the basic nitrogen and the amide 
carbonyl and aromatic nucleus is completely fixed. 


Because of its flexible structure, lidocaine can ac- 
quire a large variety of conformations and may, 
therefore, possibly fit a number of different receptor 
sites (6, 7). On the other hand, if a rigid congener of 
lidocaine can be found of the proper stereochemical 
configuration and charge distribution to give a high 
degree of complementariness to the receptor respon- 
sible for antiarrhythmic action, this hypothetical 
compound should show a more highly specific inter- 
action (8). Since a full coincidence of stereochemical 
properties for the different receptors involved in the 
action of a multipotent drug is rather unlikely, this 
specificity should help to minimize side effects that 
originate from interaction with other receptor types 
as well as those that result from degradation of the 
drug into biologically active metabolites (9). In addi- 
tion, such a hypothetical compound may be pre- 
sumed to be highly active (7) and hence efficacious in 
smaller doses; this, in turn, should lower any associ- 
ated “physical toxicity” (8) due to nonspecific drug 
action (10). 


@&cH~2N’c2H5 ,fj+ &<: RESULTS AND DISCUSSION 


N-‘CIH5 The title compounds were obtained from indoles by modifica- 
tion of the procedures described by Hinman and Bauman (11, 12) 


H H (Scheme I). They prepared 3-bromo-3-methyloxindole by the N -  
bromosuccinimide bromination-oxidation of skatole (11): but in 


N 


R, CHJ 
. ., 


1 I1 repeating this work, considerable difficulty was experienced in 
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cannabidiol. Cannabichromene is a relatively unsta- 
ble molecule and decomposes quite readily when ex- 
posed to heat, light, and acidic and basic conditions 
(9). Combined (-)-A9-trans-tetrahydrocannabidi- 
varin and cannabicyclol was constant until Day 20. It 
then declined very little and very slowly. Cannabig- 
erol, although not shown in Fig. 2 due to its small 
concentration, was very stable. 


The data in Fig. 2 cannot be easily explained. Cer- 
tain phenomena have been reported (9) regarding the 
ambiguity of cannabichromene decomposing to can- 
nabicyclol. Other than a solvent effect and a “bio- 
physical” parameter not yet defined, this group can 
offer no explanation of most intrinsic data in Fig. 2. 


Individual synthetic cannabinoids and a mixture of 
synthetic cannabinoids are stable in chloroform and 
do not decompose in these laboratories, as Parker e t  
al. (2) reported for cannabidiol. The instability re- 
ported by Parker could be due to impure solvents. 
We have observed unusual stability problems with 
certain batches of chloroform. These problems were 
circumvented by using nanograde and certain brands 
of spectrograde chloroform5. Thus, our data indicate 
cannabinoids, synthetic or naturally occurring, to be 
stable in chloroform within experimental error for 
much longer time periods than are required in a rou- 
tine analysis. We do, however, agree with Parker e t  
al. that cannabinoids should not be stored in chloro- 
form for a prolonged period. Therefore, from pub- 
lished data (1) and data contained within, chloroform 
remains the solvent of choice for extracting cannabi- 
noids from Cannabis preparations. 
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’ Mallinckrodt and Analahs solvents have given consistently good perfor- 
mance in our laboratory. 


Disposition of 
N,N -Bis(phenylcarbamoylmethyl)dimethyl 
Ammonium Chloride in the Rat: 
An Interesting Example of 
First-Pass Metabolism 


Keyphrases 0 N,N- Bis(phenylcarbamoylmethyl)dimethyl am- 
monium chloride-disposition in rat, first-pass metabolism Me- 
tabolism, first pass-N, N-bis(phenylcarbamoy1methyl)dimethyl 
ammonium chloride in rat 0 Lidocaine derivatives-disposition of 
N,N-  bis(phenylcarbamoylmethy1)dimethyl ammonium chloride 
in rat, first-pass metabolism 


T o  the  Editor: 
It has recently been demonstrated that the dispo- 


sition of N,N- bis(phenylcarbamoylmethy1)dimethyl 
ammonium chloride (I), a quaternized lidocaine de- 
rivative with antiarrhythmic activity, is dependent 
on the route of administration in the rat (1). The 
present report is concerned with a quantitative esti- 
mate of the degree to which I is subjected to a first- 
pass effect in the rat and with a quantitative compar- 
ison of the predicted versus the observed disposition 
of the drug after intraperitoneal administration. 


After an intravenous (tail vein) dose of 2.5 mg of 
3H-I to Sprague-Dawley rats, 35% of the adminis- 
tered radioactivity was ultimately excreted in the 
urine in the form of I and a carboxylic acid metabo- 
lite (11). Radiochromatogram scans of urine samples 
subjected to high voltage electrophoresis, in addition 
to reverse isotope dilution data, indicated that about 
70% of the total radioactivity in the urine could be 
accounted for by I. 


With intravenous administration of an equal dose 
to rats with ligated bile ducts, 80% of the radioactive 
dose was found in the urine. Since the observed in- 
crease in urinary excretion of tritium in bile duct-li- 
gated rats may be attributed to “spill over” into the 
urine of drug and/or metabolite normally excreted in 
bile, it was estimated that in normal rats 45% of the 
administered radioactivity is excreted in the bile. Re- 
verse isotope dilution of bile samples revealed less 
than 5% intact drug (I), while radiochromatogram 
scans of electrophoregrams of bile samples indicated 
that a single compound (11) accounted for about 8Oy0 
of the total radioactivity in the bile. The data are rea- 
sonably consistent with Scheme I, where F, indicates 
the fraction of administered radioactivity reaching 
the systemic circulation; f m ,  fu, and f y  represent the 
fractions of intact drug reaching the systemic circula- 
tion that are converted to metabolite, excreted as 
such, and unaccounted for, respectively; and fh’ and 
fu‘ denote the fractions of the total amount of formed 
metabolite that undergo biliary and urinary excre- 
tion, respectively. The parenthetical values represent 
percent of administered radioactivity. 


Upon intraperitoneal injection of a 2.5-mg dose of 
“-1 to normal Sprague-Dawley rats, one finds sig- 
nificantly less tritium ultimately excreted in the 
urine than is observed after tail vein injection (22% 
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metabolite 
in bile (44%) 


metabolite 
unaccounted (20%) in urine (11%) 


drug 
in urine (25%) 


Scheme I 


versus 35%, p < 0.01). This observation raised the 
possibility that after intraperitoneal administration 
the drug undergoes a first-pass phenomenon, leading 
to a biliary shunt. Confirmation of this hypothesis 
was obtained by finding comparable total urinary re- 
covery after either intravenous or intraperitoneal ad- 
ministration to rats with ligated bile ducts. A number 
of previous studies (2-5) with drugs manifesting 
first-pass metabolism consistently showed that the 
ratio of metabolite to unchanged drug in the urine is 
significantly greater after “hepatic” (intraperito- 
neal, oral, etc.) administration than after “systemic” 
(intravenous, intramuscular, etc.  ) administra- 
tion. Surprisingly, this was not the case with I. Irre- 
spective of the route of administration, about 70% of 
the total radioactivity in the urine represented intact 
drug while the metabolite (11) accounted for the bal- 
ance; essentially no intact drug was found in the bile. 


The data suggest that, during passage of drug 
through the liver after intraperitoneal administra- 
tion, a portion of the dose is irreversibly lost by meta- 
bolic conversion and subsequent biliary excretion 
while the balance of the dose reaches the systemic 
circulation. The fraction of the dose reaching the sys- 
temic circulation after intraperitoneal administration 
is calculable directly from the ratio of total radioac- 
tivity excreted in the urine after intraperitoneal and 
intravenous dosing, i.e., 22/35 = 0.63. Accordingly, 
Scheme I was modified to take into consideration the 
first-pass effect and a quantitative metabolic scheme 
for drug disposition after intraperitoneal administra- 
tion was devised (Scheme 11), where FL is the frac- 
tion of the dose undergoing first-pass metabolism. It 
is assumed that all of the metabolite formed during 


I intraperitoneal 0.37 
/ dose 


unaccounted drug in 
(13%) urine (16%) 


Scheme I1 


the first pass is quantitatively excreted in the bile. 
All other symbols and notations are as defined in 
Scheme I. 


Scheme I1 is in remarkably good agreement with 
experimental observations in the rat after intraperi- 
toneal administration. As noted, 22% of the intraperi- 
toneal dose of “-1 was excreted in the urine, whereas 
Scheme I1 predicts 23% (16% I and 7% 11). After in- 
traperitoneal administration of I to rats with ligated 
bile ducts, 14% of the total radioactivity could not be 
accounted for in the urine. Scheme I1 predicts that 
13% of the dose would be unaccountable. The differ- 
ence between the urinary excretion of total tritium 
after intraperitoneal administration to rats with li- 
gated and patent bile ducts indicates that, in normal 
rats, 64% of the radioactive dose is ultimately excret- 
ed in the bile. Biliary excretion of total radioactivity 
24 hr after intraperitoneal administration of 3H-I to 
bile duct-cannulated rats accounted for 48% of the 
dose. Extrapolation of these data to 72 hr after drug 
administration to estimate total biliary excretion 
yields a value of 59%. Both estimates of total biliary 
excretion of tritium are in excellent agreement with 
the value of 65% calculated in Scheme 11. 
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GLC Determination of Saccharin in 
Pharmaceutical Products 


E. M. RATCHIK andV. VISWANATHAN' 


Abstract A GLC method was developed for the assay of saccha- 
rin in pharmaceutical products. The procedure requires silylation 
with N,O- bis(trimethylsily1)acetamide and subsequent chroma- 
tography on trifluoropropyl methyl silicone, using n- octacosane as 
an internal standard. 


Keyphrases Saccharin-GLC determination in pharmaceutical 
products, silyl derivatives formed 0 GLC-analysis, saccharin in 
pharmaceutical products, silyl derivatives formed 


Subsequent to the ban on the use of cyclamates in 
pharmaceutical products, saccharin has been subject- 
ed to increased scrutiny and governmental regula- 
tions (1). Various methods for the quantitative and 
qualitative determination of saccharin have been re- 
ported, including TLC (2), IR (3), and a nonaqueous 
titration after separation by ion-exchange chroma- 
tography (4). One early reference to a GLC procedure 
involved the preparation of the N- methyl ester using 
diazomethane (5).  Other investigators reported varia- 
tions such as changes in the liquid phase and use of 
an internal standard (6,7). 


Conacher and O'Brien (8) reported a GLC method 
for the determination of saccharin in soft drinks, 
using diazomethane as the methylating agent and 
methyl silicone (JXR) as the liquid phase. According 
to their report, the methylation of saccharin consis- 
tently gave two peaks in a 17:3 ratio, which they pos- 
tulated to be the N-methyl derivative of saccharin 
and the 0- methyl derivative of pseudosaccharin, re- 
spectively. Their quantitative data were based on 
area measurements of the rapidly eluted, poorly 
shaped major peak (8). 


This paper describes the determination of saccha- 
rin in pharmaceutical products utilizing silylation 
with N,O -bis(trimethylsilyl)acetamidel. This proce- 
dure offers several improvements upon previous 
methods. Diazomethane is toxic, potentially explo- 
sive, and rather difficult to prepare and use, while 
the silylation reaction is rapid and leads to a deriva- 
tive needing no further treatment prior to chroma- 
tography. 


A literature survey indicated a complete lack of 
assay methods for saccharin in complex pharmaceuti- 
cal dosage forms. The ion-exchange chromatographic 
method is time consuming and suitable only for sim- 
ple aqueous preparations, since any other acid or acid 
salt in the dosage form interferes with the determina- 
tion. 


The present method was found to be completely 
free of interferences from active and inactive ingredi- 
ents in the products analyzed. 


Table I-Saccharin Assay Results 


Product Claim Founda 


Tablet  A 15.0 mg/tablet Batch 1: 15.1 
Batch 2: 1 4 . 0  
Batch 3: 1 4 . 1  
Batch 4: 1 4 . 9  


Tablet B 30 mg/tablet Batch 1: 28.0 
Batch 2: 29 .0  


Tablet C 0.76 mg/tablet Batch 1: 0 . 8 0  
Batch 2: 0 . 7 3  
Batch 3: 0.72 
Batch 4: 0 .74  


Elixir Ab 5 . 0  mg/5 ml  4 . 9  


Syrupb 5.5 mg/5 ml 5 . 5  


Elixir Bb 10 .8  mg/5 ml  1 1 . 6  
Elixir Cb 1 4 . 4  mg/5 ml  1 4 . 4  
Elixir D b  3 . 6  mg,/5 ml 3 .8  


Suspension 5 . 0  mg/5  ml Batch 1: 5.1 
Batch 2: 5.0 
Batch 3: 5 . 0  


a Average of duplicate determinations calculated as sodium salt. Synthetic 
formulations. 


EXPERIMENTAL 


Equipment-A gas chromatograph2 equipped with a single hy- 
drogen flame-ionization detector and interfaced with a digital 
computer3 was used. The column was 0.9-m X 0.3-cm (3-ft X 
0.125-in.) o.d., type 304 stainless steel tubing, packed with 100- 
120-mesh silanized diatomaceous earth4 and coated with 5% triflu- 
oropropyl methyl silicone (OV-210). 


The operating temperatures were: column, 160'; detector, 250O; 
and injector port, 240'. Nitrogen was the carrier gas with a flow 
rate of 30 ml/min. The hydrogen gas flow was adjusted for maxi- 
mum sensitivity a t  30 ml/min, and the air flow was 300 ml/min. 
The electrometer range was amp/mv. 
N.0- Bis(trimethylsily1)acetamide was used as the silylating re- 


agent. The isopropyl ether (bp 67-69') used was alcohol free5. All 
other chemicals were reagent grade with the exception of the hy- 
drocarbon n- octacosane6, the internal standard, which was practi- 
cal grade. 


Preparation of Internal Standard Stock Solution-One hun- 
dred milligrams of n- octacosane was accurately weighed into a 50- 
ml volumetric flask and dissolved in and diluted to volume with 
cyclohexane. 


Preparation of Reference Standard Stock Solution-Sev- 
enty-six milligrams of reference saccharin was accurately weighed 
into a 100-ml volumetric flask and dissolved in and diluted to vol- 
ume with methanol. 


Preparation of Reference Standard-A 4.0-ml aliquot of the 
reference standard stock solution was pipetted into a 10-ml volu- 
metric flask and evaporated to dryness on a steam bath under ni- 
trogen. Then 1.0 ml of silyl reagent was pipetted into the residue 
and mixed well. The flask was stoppered and heated on a steam 
bath for 30 min. After cooling to room temperature, 1.0 ml of the 
internal standard stock solution was pipetted into the flask and 
thoroughly mixed. 


Preparation of Samples-A suitable quantity of the syrup, 
suspension, or pulverized tablet mass equivalent to approximately 


* Varian Aerograph 


' Varaport 30, Varian Aero aph 
5 Matheson, Coleman & Bef.  


' 


PACE system. Electronic Associates Inc. 


Eastman Kodak. 1 Regis Chemical Co. 
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Figure 1-Gas chromatogram of a sample preparation contain- 
ing (a) saccharin as the trimethylsilyl derivative and (b) 
n-octacosane. 


6.0 mg of saccharin was accurately transferred into a 50-ml centri- 
fuge tube. Twenty-five milliliters of 10% aqueous hydrochloric acid 
was added, mixed well, and allowed to stand for 15 min. This mix- 
ture was extracted with five 20-ml portions of isopropyl ether and 
shaken mechanically for 15 rnin each time. All extracts were 
passed through anhydrous sodium sulfate and collected in a 125- 
ml erlenmeyer flask. 


The extract was evaporated to dryness on a steam bath under 
nitrogen, and the residue was dissolved in 4.0 ml of methanol. A 
2.0-ml portion of this solution was transferred into a 10-ml volu- 
metric flask and evaporated to dryness. Then 1.0 ml of silyl re- 
agent was added to the residue and mixed well. The flask was stop- 
pered and heated on a steam bath for 30 min. After cooling to 
room temperature, 1.0 ml of the internal standard stock solution 
was pipetted into the flask and thoroughly mixed. 


Procedure-The chromatographic column was conditioned by 
making a few 10-pl injections of the working standard solution. 
Several 5-pl injections of the standard and sample solutions were 


Table I I S t a t i s t i c a l  Evaluation 


Saccharin, mg/Tablet Determinations 


1 
2 
3 
4 
5 
6 


Mean 
SD 


95% Confidence limit 


0 . 8 5  
0 . 7 8  
0 . 8 0  
0 . 8 2  
0 . 8 3  
0 . 8 0  
0 . 8 1  


=to .  025 
f O  ,0262 


made to establish the response factor and to calculate the,saccha- 
rin content of the samples. 


Calculations-The response factor for saccharin is determined 
as follows: 


where: 


As(std) =peak area of saccharin in the working standard solution 
AIs(std) = peak area of internal standard in the working standard 


ClS = concentration of internal standard (milligrams per 


Cs = concentration of saccharin (milligrams per milliliter) in 


solution 


milliliter) in the working standard solution 


the working standard solution 


The saccharin content in pharmaceutical products can be calcu- 


mg saccharin/dosage unit = 


lated as follows: 


A,(spl) X C,, X dilution factor 


A,,(spl) X R F ,  X sample weight (g or ml) (Eq. 2) 


where A is the area, C is the concentration, and RF is the response 
factor (Eq. 1). The conversion factor is milligrams saccharin X 
1.317 = sodium saccharin. 


RESULTS AND DISCUSSION 


Peak Characterization-GLC-mass spectrometry data indi- 
cated the molecular ion of the derivative to be at mle 255, which 
corresponds to the monotrimethylsilyl derivative of saccharin. IR 
and NMR studies of the silylated product showed the loss of the 
imino proton, indicating that the reaction probably produced N-  
trimethylsilyl derivative. 


An IR scan of the peak eluting from the CLC column, using an 
interfaced IR spectrophotometer, indicated the presence of the ex- 
pected carbonyl band a t  1700 cm-' in addition to a strong band at 
1250 cm-' due to the substitution of a trimethylsilyl group. A more 
conclusive characterization of the derivative or the effects of enoli- 
zation of saccharin, if any, would be beyond the scope of this 
paper. 


Linearity-The detector response for saccharin was found to be 
linear in the range of 0.24-2.33 mg/ml at a constant internal stan- 
dard concentration. The slope of the linearity curve was calculated 
to be 0.646 with a Y intercept of -0.006. 


A study of silylation time was carried out using intervals of 10- 
60 min on the steam bath. The results indicated that the reaction 
is essentially complete in 20 min. 


Precision and Accuracy-Analytical data obtained for several 
pharmaceutical products indicate that the procedure is applicable 
to a wide range of dosage forms without any modifications in ana- 
lytical techniques (Fig. l and Table I). A statistical evaluation of 
the precision of the method was carried out for an antacid tablet 
formulation (Table 11). 


Recovery-A study was also undertaken to estimate the recov- 
ery of saccharin from the dosage forms. Formulations to which 
known amounts of sodium saccharin were added prior to acidifica- 
tion and extraction were analyzed and indicated essentially com- 
plete recovery (Table 111). 
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Table 111-Recovery Data 


Product 
Saccharin 


Initial Assay Added, m g  Final Assay Recovery, % 


Tablet  
Tablet  
Suspension 
Suspension 
Elixir 
Elixir 


16 .9  mg/tablet 4 . 8  21.7 mg/tablet 100 
3 2 . 6  mg/tablet 9 . 3  42.0 mg/tablet 100 


3 . 8  mg/5 ml  5.5 9 . 1  mg/5 ml  98 
3 . 8  mg/5 m l  1 0 . 2  13 .6  mg/5 ml 97 


5 . 1  mg/tablet 5 . 1  10.5 mg/5 ml  103 
5.1 mg/5 m l  10.5 1 6 . 3  mg/5 ml 105 


Interferences-To establish the applicability of this procedure 
to various pharmaceutical dosage forms, synthetic formulations 
were made by adding sodium saccharin and were analyzed in addi- 
tion to commercially available products. By the use of saccharin- 
free placebo formulations, it was found that pharmaceutically ac- 
tive ingredients such as ascorbic acid, nicotinyl alcohol, aprobarbi- 
tal, dextromethorphan hydrobromide, chlorpheniramine maleate, 
acetaminophen, and sulfamethoxazole did not interfere with the 
analysis. 


One pharmaceutical product contained a vitamin B-complex 
mixture made up of thiamine mononitrate, riboflavin phosphate, 
pyridoxine hydrochloride, niacinamide, and calcium pantothenate. 
The ingredients in the mixture did not cause any interference. 
Commonly used pharmaceutical excipients such as corn syrup, su- 
crose, citric acid, sodium citrate, sodium benzoate, propylene gly- 
col, stearic acid, magnesium stearate, and mannitol also did not af- 
fect the utility of this method. 
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Drying Rates of Tablet Granulations I: 
Effect of Certain Granulating Adjuvants on 
Drying Rates 


BALDEV R. BHUTANIS and VISHNU N. BHATIA 


Abstract The design and construction of a laboratory size dryer 
and other accessories suitable for investigating the drying rate ki- 
netics of granules under controlled external conditions are de- 
scribed. Granulations of lactose and sulfathiazole, representing 
water-soluble and insoluble materials, were prepared using various 
commonly used binders, and their drying rates were determined. 
The binders and diluents affected the drying rate curves for these 
granulations both qualitatively and quantitatively. Granules made 
with starch paste and gelatin solution required maximum time and 
energy for drying and those made with simple syrup USP required 


The manufacture of pharmaceutical tablets re- 
quires the preparation of granular material for com- 
pression. One common method of preparing these 


the least among the binders studied. Generally, three linear slopes 
were observed when the drying rate was plotted against the mois- 
ture remaining, indicating that granulation drying may be consid- 
ered as occurring through three distinct phases. 


Keyphrases 0 Tablet granulations-effect of granulating adju- 
vants on drying rates 0 Granulating adjuvants-effect on drying 
rates of tablet granulations 0 Drying rates, tablet granulations- 
effect of granulating adjuvants Excipients-effect of granulat- 
ing adjuvants on drying rates of tablet granulations 


suitable granules is by wet granulation. Although the 
industrial pharmacist is well aware of the cost savings 
in the choice of excipients, size of tablet, and speed of 
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Ultracentrifugal Study of Effect of Sodium Chloride on 
Micelle Size of Fusidate Sodium 


ALFRED J. RICHARD 


Abstract 0 Apparent micellar molecular weights were determined 
with the antibiotic fusidate sodium by ultracentrifugation in vary- 
ing counterion concentrations (Na+). The effects of buffer salts, 
pH, sodium chloride concentration, and drug concentration were 
studied. The results strongly support the concept of the formation 
of primary micelles composed of five monomer units, followed by 
aggregation of the pentomers into larger micelles as salt concentra- 
tion increases. 


Keyphrases Fusidate sodium micelles-molecular weights de- 
termined by ultracentrifugation, effects of buffer salts, pH, and so- 
dium chloride and-drug concentrations Micelle size of fusidate 
sodium-determined by ultracentrifugation, effects of buffer salts, 
pH, and sodium chloride and drug concentrations 0 Ultracentrif- 
ugation-determination of fusidate sodium micelle molecular 
weights in varying counterion concentrations Sodium chloride 
effect-micelle size of fusidate sodium 


The counterion concentration has been shown to 
control the size of micelles in solutions of bile salts (1, 
2) and also in solutions of the steroid-like antibiotic 
fusidate sodium' (I) (3-5). The critical micelle con- 
centration (CMC) of I was found by surface tension 
measurements (3) to be 3 4  m M  in solutions contain- 
ing 0.01-0.6 A4 NaC1. Aggregation numbers of I mi- 
celles were not reported at counterion concentrations 
below 0.01 M nor above 0.6 A4 NaC1. 


In view of the studies of Godtfredsen et al. ( 5 )  
showing that I in humans is excreted through the bile 
and that rather large concentration changes occur 
during storage of the bile in the gallbladder, it was 
decided to study the apparent micelle molecular 
weights of I by ultracentrifugation through as wide a 
counterion concentration range as possible. In addi- 
tion, the effect of I concentration and of rotor speed 
on micelle size was investigated. The results tend to 
confirm' the postulate of Small (1) that primary mi- 
celles, perhaps pentomers, are formed through hy- 
drophobic interactions of the steroid-like structure, 
followed at increasing ionic strength by the formation 
of secondary micelles through hydrogen bond-type 
interactions of the hydrophilic groups. 


EXPERIMENTAL 


No secondary spots were observed with I* by TLC (3, 4). All 
chemicals used in this work were analytical reagent grade. Molecu- 
lar weights were determined with an analytical ultracentrifuge3 
equipped with schlieren optics and a temperature control. All de- 
terminations of molecular weight were made at  25O, with the cam- 
era lens focused at  the two-thirds level of the cell, as is required (6) 
for aqueous solutions. Schlieren patterns were read on a two-di- 


1 Sodium 3a,lla,l6j3-trihydroxy-2Q-nor-8~,9j3,13~,14j3-d~~a- 17(20),- 


*Lot 22151, supplied by Dr. W. 0. Codtfredsen, Leo Pharmaceutid 
24-dien-21-oate 16-acetate. 


Products, Ballerup, Denmark. 
Model E, Beckman Instrumenta, Palo Alto, Calif. 


mensional microcomparatofi, followed by data analysis according 
to Method I1 of Van Holde and Baldwin (7). 


The pH, when not controlled by buffers, varied between 8 and 9, 
depending on the I concentration. Compound I has a reported pKa 
of 5.35 (3). Tromethamine-hydrochloric acid buffer was made up 
at  0.1, 0.05, 0.025, and 0.0125 M tromethamine to pH 7.3. Sodium 
phosphate buffers also were made up a t  0.1,0.06,0.03, and 0.015 M 
to pH 7.2. The partial specific volume of I was taken to be 0.774 
ml/g, as reported previously (3). 


RESULTS AND DISCUSSION 


The effect of sodium chloride concentration on the apparent z- 
average molecular weight of I micelles is shown in Fig. 1, where 
Mzapp is plotted against the molarity of sodium chloride for 18 mM 
I. Rotor speed effects were negligible in the 18 mM I solution; with 
the 0.6 M NaCl mixture, equilibrium was obtained a t  seven differ- 
ent speeds from 14,290 to 44,040 rpm with no resultant change in 
the calculated molecular weight. Overall, the data tend to fall on 
one curve with some scatter but extrapolate to the molecular 
weight of the I monomer of 538. 


Also plotted in Fig. 1 are the results of Carey and Small (3) for 
20 mM I at  pH 10 in carbonate buffer, which extrapolate at zero 
added salt to  about a molecular weight of 2500, i.e., to the pento- 
mer of I. Therefore, these investigators considered the pentomeras 
the size of primary micelles for I solutions. 


Measurements of the molecular weight were also made on 18 
mM I solutions in phosphate buffers and tromethamine buffers at 
pH 7.2 and 7.3, respectively. The plot shown in Fig. 1 for phos- 
phate rises steeply and linearly from the monomer (538 daltons) at 
low phosphate molarity up to about 10,OOO daltons when the total 
phosphate molarity reaches 0.1. The data end there, since increas- 
ing the phosphate content further resulted in slow gel formation 
up to 0.15 M phosphate and in rapid precipitation a t  any concen- 
trations above 0.15 M phosphate. An attempt was made to study 
the effect on I micelles of sodium chloride added to 0.06 M phos- 
phate buffer. However, independently of the order of mixing, I 


35,000 - 


30,000 - 


25,000 - 


t 20,000 '" 15.000 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
MOLAR I TY 


Figure 1-Effect of various salt concentrations and pH on the 
apparent z-avemge micellar molecular weight of 18 mM I 
solutions. Key: @, sodium chloride; 0; carbonu&bicarbomte 
buffer (0.01 M) plus added sodium chloride, p H  10.0; A, phos- 
phate buffer, p H  7.2; and 0, tromethamine (tris) buffer alone 
and tromethamine (tris) buffer (0.05 M )  plus added sodium 
chloride, p H  7.3. 


' Nikon model 6. Nippon Kogaku, K. K. Japan. 
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Figure 2-Logarithm of the apparent z-avemge micellar molec- 
ular weight of I solutions as a function of the ratio of salt to 
drug for four different I concentrations. 


would not dissolve in 0.06 M phosphate with added 0.1 M NaC1, 
and no data were obtained. 


With increasing tromethamine buffer concentration at  a con- 
stant pH of 7.3, a rapid linear increase in micelle size was seen, 
with slow gel formation again occurring at tromethamine concen- 
trations above 0.1 M. However, addition of sodium chloride to the 
0.05 M tromethamine buffer did not cause precipitation of I as it 
did with the phosphate system. A linear growth of m i c e h  molec- 
ular weight was found that paralleled the data of Carey and Small 
(3) with carbonate-salt buffer a t  pH 10. Extrapolation to zero 
added salt, however, gave the pecamer molecular weight rather 
than the pentomer obtained in carbonate buffer. 


It has been stated (8,9) that pH, counterion concentration, drug 
concentration, and temperature are important factors defining the 
size of micelles in solution. As shown by comparing the micelle mo- 
lecular weight of I in phosphate and in tromethamine buffers a t  
the same pH, however, care must be taken that interactions with 
the buffer salts themselves do not introduce additional micelle 
growth separate from any pH effect per se. Molecular models indi- 
cate that phosphate hydrogen bonds with the hydroxy groups of I. 
Thus, with phosphate bridging, I aggregates grow rapidly from the 
hydrophilic side (at low total buffer salt content) as well as from 
the hydrophobic side of the molecule. A similar argument, except 
for weaker hydrogen bond bridging than is present with phos- 
phate, would explain the rapid growth of I micelles with the con- 
centration of tromethamine buffer and also account for the contin- 
ued solubility of I in the presence of added sodium chloride. 


The sodium chloride curve in Fig. 1 suggested a logarithmic re- 
sponse of micellar weight to salt; therefore, varioue semilogarith- 
mic graphs were attempted of the calculated molecular weights for 
four different I concentrations: (a) against molarity of sodium 
chloride, (6) against the square root of ionic strength, (c) against 
the mole fraction of sodium chloride, and (d) against the ratio of 
sodium chloride to I. Only the latter plots are shown in Fig. 2, be- 
cause they contain linear portions that point out especially well 
the effect of sodium chloride concentration on micelle size. Excel- 
lent linearity was observed for all concentrations of I from 9 to 56 
mM if the salt was present in 10-fold excess over the drug. 


Unfortunately, the ultracentrifugal equipment available did not 
permit study at I concentrations in the vicinity of the CMC be- 
cause of the limited instrument sensitivity with the standard 
12-mm centrifuge cell depth. 


To study the low salt region of Fig. 2 in more detail, the log 
Mzwp was plotted against an abscissa expanded 10-fold (Fig. 3). It 
is clear from Fig. 3 that curves for 9, 18, and 38 mM I extrapolate 
to the monomer molecular weight at zero salt but that the curve 
for 56 mM I seems to extrapolate to a slightly higher value of M,. 
Also, a rapid dissociation is indicated for the I micelles in 18 mM 
drug concentration as the salt to I ratio drops below unity. It is 
seen that an aggregation number of three (M, = 1600) is not ob- 
tained for the 18, 38, and 56 mM I solutions until the salt to drug 
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Figure 3-Logarithm of the , apparent z-average micellar 
molecular weight of I solutions as a function of the ratio of salt 
to drug in regions of low salt concentrations. Abscissa is en- 
panded 10-fold over that of Fig. 2. 


ratio reaches unity but that the curves seem to meet near that 
common point before diverging into higher molecular weight rang- 
es. 


To illustrate the effect of I concentrations on micellar size, the 
data from Figs. 2 and 3 were plotted in Fig. 4 as log Mznpp against 
concentration of I at several different salt to drug ratios. Also 
shown is the micelle growth curve in the absence of a supporting 
electrolyte. Two effects are immediately obvious from Fig. 4. First, 
there exists a family of horizontal lines a t  salt to drug ratios from 0 
to 2.5, where the apparent micellar weight is independent of I con- 
centration after an initial rapid growth from the monomer to some 
constant molecular weight. The micellar weight does increase, 
however, with an increasing salt to drug ratio. It appears that no 
large micelles are formed until the salt to drug ratio is approxi- 
mately three and until the extrapolated micelle molecular weight 
reaches 2600, that is, until pentomers are formed. Beyond that 
point, rapid logarithmic growth in micellar size occurs up to the oc- 
currence of a phase change, often noted a t  molecular weights of 
35,000 or greater as the separation of an oily layer from the solu- 
tion. 


Figure 4 strongly indicates that two mechanisms of aggregation 
are involved in the formation of micelles of I. First, with low salt to 
drug ratios, the salt reduces charge-charge repulsions of the car- 
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Figure 4-Logarithm of apparent z-average micellar molecular 
weight of I solutions as a function of I molarity for several dif- 
ferent sodium chloride to drug ratios. Notations on each curve 
indicate the salt to I molar ratio. 
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boxyl group of I, thus making possible the approach and subse- 
quent hydrophobic bonding of the steroid-like ring structure of 
neighboring molecules. This can continue until pentomers become 
the dominant species, after which increasing salt gives rise to sec- 
ondary micelles. These are formed, as suggested by Small (l),  by 
dehydration of the weaker nonionic groups and resultant hydrogen 
bond formation between primary micelles, analogous to a salting- 
out effect. 


On a molar basis, the free energy of dimerization of I was calcu- 
lated from the salt-free system. A t  the highest concentration stud- 
ied, 74 mM, the molecular weight was 850. Thus, from both the ex- 
pression for the z-average molecular weight (Eq. 1): 


and the relationship between monomer and dimer concentrations 
(Eq. 2): 


m, = m,,, - ?mi (Eq. 2) 


the concentration of monomer and dimer could be obtained, as- 
suming ideal solution properties and the absence of larger aggre- 
gates. The equilibrium dimer concentration (mz) was found to be 
15 mM, and the monomer concentration (m3 at equilibrium was 
44 mM. The symbol used for initial monomer concentration was 


Then the equilibrium constant for the reaction: 


2 fusidate S fusidate2 


Scheme 1 


was given by: 


[fusidate,] 
K =  = 7.75 


[ f ~ s i d a t e ] ~  (Eq. 3) 


and: 


A G L  = -RT In K = -1200 cal/mole (Eq. 4) 


On the other hand, with sodium chloride added to give a salt to I 
ratio of 0.5, dimerization was facilitated. A molecular weight of 900 


was reached at  a I concentration of only 18 mM, and repetition of 
the thermodynamic calculation for dimerization led to a value of 
56 for K and of -2400 cal/mole for A G L .  In this second computa- 
tion, it was assumed, as shown by Carey and Small (3), that salt 
was not specifically or firmly bound to the dimer but acted only as 
a supporting electrolyte, that is, to mask charge a t  the anionic 
head of I. This value of AG& is in agreement with values calculat- 
ed for dimerization of sodium lauryl sulfate (10) and in fair agree- 
ment with the -3400 cal/mole calculated for I from CMC data (3) 
at pH 10 in carbonate buffer, although in the latter work I dimers 
were not specified exclusively in the composition of the micelle. 
Work is continuing to interpret the multiple equilibria involved as 
the salt to I ratio leads to the formation of larger aggregates in so- 
lution. 
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Synthesis of Potential Adrenergic Blocking Agents: 
2-Substituted Aminomethylnaphtho(2,3-b)-1,4-dioxans 


KISHOR B. PAREKH, WILLIAM H. SHELVER’, AI-YU SHEN TSAI, and 
RICHARD REOPELLE 


Abstract Eleven 2-substituted aminomethylnaphtho(2,3-b)- Keyphrases 0 Aminomethylnaphtho(2,3-b)-1,4-dioxans, 2-substi- 
l,4-dioxans were synthesized. The nucleophilic displacement of 2- tuted-synthesized and screened as potential adrenergic blocking 
tosyloxymethylnaphtho(2,3-b)-1,4-dioxan by appropriate amines agents 0 Dioxans-synthesis and screening of 2-substituted ami- 
was carried out using dimethyl sulfoxide as the solvent. Prelimi- nomethylnaphtho(2,3-b)-1,4-dioxans as potential adrenergic 
nary pharmacological evaluation revealed a potentiation of norepi- blocking agents 0 Adrenergic blocking agents, potential-synthe- 
nephrine at  low doses and a noncompetitive antagonism at  high sis and screening of 2-substituted aminomethylnaphtho(2,3-b)- 
doses in the rat vas deferens and a dose-related hypotensive action 1,4-dioxans 
of short duration in the anesthetized rat. 


Bovet and Simon (1) were the first investigators to tain actions of epinephrine. Piperoxan blocked nor- 
demonstrate that 2-substituted aminomethyl-l,4- epinephrine by means of competitive antagonism in a 
benzodioxans (I) possessed the ability to block cer- study utilizing the rat vas deferens (2). The effects of 
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Antiarrhythmic Activity of 
3-Amino-3-methyloxindoles 


M. J. KORNET x, P. A. THIO, N. MALONE, and 
W. C. LUBAWY 


Abstract A series of 3-amino-3-methyloxindoles was synthe- 
sized from indoles by modification of previously described proce- 
dures. All compounds showed activity against chloroform-induced 
arrhythmias in mice. One member of the series, 3-methyl-3-piperi- 
dinooxindole, displayed activity equal to that of lidocaine while 
showing only one-third the acute toxicity. 


Keyphrases 3-Amino-3-methyloxindoles-synthesis, antiar- 
rhythmic activity, compared to lidocaine 0 Antiarrhythmic activ- 
ity-3-amino-3-methyloxindoles synthesized and screened 


The authors’ interest in the synthesis and pharma- 
cological evaluation of lidocaine (I) analogs goes back 
several years, and initially attention was focused on 
compounds where the basic group was a hydrazine 
derivative (1). Recent work in these laboratories on 
the chemistry of aminooxindoles (2) has led to an ex- 
pansion of this interest and to the present report con- 
cerning the synthesis and antiarrhythmic activity of 
a series of 3-amino-3-methyloxindoles (11). 


Examination of I1 showed that these compounds 
incorporate the principal structural moieties of the 
local anesthetic and antiarrhythmic drug lidocaine- 
uiz., an aromatic nucleus, an amide linkage, and a 
basic amino group, in a nearly rigid framework. Clos- 
er examination revealed that the title compounds 
possess unique structural features that set them 
apart from lidocaine and its many congeners. Signifi- 
cant differences can be discerned in the stereochem- 
istry of I1 and lidocaine. Thus, I1 has the cis-amide 
configuration, while the protonated form of lidocaine, 


(8) T. B. Okarma, P. Trammel], and S. M. Kalman, J. Pharma- 
col. Exp. Ther., 183.559(1972). 
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which is supposed to be the active form of the drug, 
has the trans-configuration (3). Another difference is 
found in the coplanarity of the amide carbonyl group 
with respect to the aromatic moiety; steric hindrance 
precludes such a conformation in the lidocaine mole- 
cule (3, 4). Finally, it is worth noting that in 11, in 
contrast to lidocaine, the “activity-controlling dis- 
tance” (5) between the basic nitrogen and the amide 
carbonyl and aromatic nucleus is completely fixed. 


Because of its flexible structure, lidocaine can ac- 
quire a large variety of conformations and may, 
therefore, possibly fit a number of different receptor 
sites (6, 7). On the other hand, if a rigid congener of 
lidocaine can be found of the proper stereochemical 
configuration and charge distribution to give a high 
degree of complementariness to the receptor respon- 
sible for antiarrhythmic action, this hypothetical 
compound should show a more highly specific inter- 
action (8). Since a full coincidence of stereochemical 
properties for the different receptors involved in the 
action of a multipotent drug is rather unlikely, this 
specificity should help to minimize side effects that 
originate from interaction with other receptor types 
as well as those that result from degradation of the 
drug into biologically active metabolites (9). In addi- 
tion, such a hypothetical compound may be pre- 
sumed to be highly active (7) and hence efficacious in 
smaller doses; this, in turn, should lower any associ- 
ated “physical toxicity” (8) due to nonspecific drug 
action (10). 


@&cH~2N’c2H5 ,fj+ &<: RESULTS AND DISCUSSION 


N-‘CIH5 The title compounds were obtained from indoles by modifica- 
tion of the procedures described by Hinman and Bauman (11, 12) 


H H (Scheme I). They prepared 3-bromo-3-methyloxindole by the N -  
bromosuccinimide bromination-oxidation of skatole (11): but in 


N 


R, CHJ 
. ., 


1 I1 repeating this work, considerable difficulty was experienced in 
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Table I-3-Amino-3-methylo~hdoles 


Mole 
Ratio of 


N-Bromo- 


Com- 
pound R1 R? R3 


Analysis, % succini- Crystal- 
Melting mide t o  Yielda, lization 
Point Indole % Solventb Formula Calc. Found 


I Ia 


I I b  
I Ic 


I Id  


I Ie 


I I f  


IIg 


IIh 


H 


H 
H 


H 


H 


H 


CH, 


CH3 


-CH?CHzCHZCHZ- 


--C HzCHyCHZC H?C Hz- 
-CHzCH?OCHL!HZ- 


H CzHs 


H n-C3H7 


H n-C4H9 


H CzHs 


H n-C3H7 


205-206' 2 : l C  ~ 35d A C13HlbN20' 
(COOH), 


163-164"' 2: 1 c  16 B Ci.%Hi,N?O 
179.5-180' 3: 1 29 B C I ~ H I ~ N Z O Z  


192-193' 2: 1 c  24 C C i i H i i N ~ 0  


160' 3: 1 83J B CizHiJ'lzO 


147 O 2: l c  28 B CIIHI,N,O 


140-141' 3: 1 89 D CizHi$J20 


117-118" 3: 1 76 D C13H18N20 


C 58.82 
H 5 .92  
N 9 .15  


C 67.22 
H 6 .94  
N 12.06 
C 69.45 
H 7 .42  
N 14.72 
C 70.56 
H 7 .90  
N 13.71 
C 71.53 
H 8.31 
N 12.83 
C 70.56 
H 7.90 
N 13.71 
C 71.53 
H 8 . 3 1  
N 12 .83  


- 


58.70 
5 . 9 8  
9 . 3 1  


67 .36  
6.99 


11 .88  
69.67 


7 .50  
14.87 
70.76 


7 . 9 1  
13.82 
71 .29  


8 . 1 2  
12 .56  
70.72 
8 .14  


13 .61  
71.43 
8.15 


12.70 


- 


Yield is based on starting indole. * A = absolute ethanol-acetone, B = ether, C = benzene, and D = hexane. C A 2: 1 ratio was used before it was found 
that 3: 1 gave improved yields. d The oxalate salt was prepared since the free base is an oil. e Lit. (12) mp 160-161". I The yield was 177, when the mole 
ratio of N-brornosuccinirnide to indole was 2: 1. 


separating completely the desired bromo compound from succini- 
mide, the by-product of the reaction. Therefore, the crude 3-bromo 
compound was not isolated but was allowed to react directly with 
an amine in ether. 


Initial experiments on the preparation of IIe [procedure of Hin- 
man and Bauman, N-bromosuccinimide-indole (2:l mole ratio)] 
gave a halogen-containing product presumed to be the 5-bromo 
derivative of IIe. Hydrogenation of this product with palladium- 
on-carbon catalyst in aqueous acetic acid resulted in the formation 
of IIe in 17% yield. Since the bromination of the aromatic ring was 
apparently in competition with bromination of the 3-position (1 l), 
the use of a 3:l mole ratio of N-bromosuccinimide to indole fol- 
lowed by hydrogenolysis was tried. With such a proportion of reac- 
tants, the conversion of skatole into 3,5-dibromooxindole was ex- 
pected. Under these conditions, IIe was obtained in 83% yield. 
These results (Table I) indicate that the optimum procedure for 
the preparation of I1 from indoles entails: (a) deletion of the isola- 
tion of the 3-bromo intermediate, (b) use of an N-bromosuccinim- 
ide to indole mole ratio of 3:1, and (c) a final hydrogenolysis step 
to remove aromatic bromine. 


Table I records relevant data for the series of 3-amino-3-meth- 
yloxindoles. The IR spectra (KBr) exhibit a strong lactam carbon- 
yl absorption band in the 1700-1705-cm-' range. Table I1 contains 
the proton magnetic resonance (PMR) data for these compounds. 
All compounds shown in Table I, plus a lidocaine standard, were 
compared for their ability to prevent chloroform-induced arrhyth- 
mias by a modification of the procedure described by Lawson (13). 


Preliminary experiments established that the chloroform-in- 
duced respiratory arrest led to cardiac arrhythmias in healthy fe- 
male mice. Heart rates' averaged 592 f 29 beats/min (n = 50). 
This value is in contrast to rates of 134 f 19 and 137 & 14 beats/ 
min following ether-induced respiratory arrest at 5 and 10 rnin 
after saline injection2, respectively. These findings are essentially 
in agreement with the report of Lawson (13) demonstrating the 
ability of chloroform to induce cardiac arrhythmias. 


Subsequent studies indicated that the time of peak effect for 


protection from chloroform-induced arrhythmias was 10 min for 
lidocaine and 5 min for IIb and IIc. Therefore, lidocaine was exam- 
ined 10 min following injection while the test compounds were all 
examined 5 min following administration. 


The ability of the eight test compounds and lidocaine to coun- 
teract chloroform-induced arrhythmias is summarized in Table 
111. None of the test compounds was as potent as lidocaine in pre- 
venting arrhythmias, but several did display considerable activity 
a t  the 0.346-mmolehg dose level tested. In an effort to determine 
more closely how compounds of this class compared to lidocaine, 
the median effective dose (EDm) and median lethal dose (LDm) of 
one of the more active compounds of the series, i.e., 3-methyl-3- 
piperidinooxindole (IIb), were determined and compared to those 
of the standard. Graphs of the percent protection and the percent 
lethality uersus dose for both compounds are shown in Figs. 1 and 
2. Tests for parallelism, as determined by the method of Litchfield 
and Wilcoxon (14), indicated no significant difference between the 
curves for the two compounds either in percent protection uersus 
dose or in percent lethality uersus dose. Parallel effect curves for 


Mean f SE. 
n = 5 in each case. 


J 
Scheme I 


640 1 Journal of Pharmaceutical Sciences 







Table 11-PMR Data of 3-Amino-3-methyloxindolesa 
~ ~~ ~ 


Compound 1-NH 3-NH 3-Methyl A r H b  Other Substituents 


IIa" - - 1 . 9 3  7.35-8.18 1.82-2.32 (m) (NCCH?); 3.33-3.84 (m) 


IIb 9 . 6 2  - 1 . 6 1  7.04-7.81 1.32-1.90 (m) (CH,CH,CH2) ; 2.58  2 . 9 8  


I Ic 9 . 6 8  ~ 1 . 6 1  7.07-7.77 2 . 8 3  (m) (NCH,); 3 .85  (m) (OCH,) 


I I f  
IIg 


(NCHz) 


(m) (NCH,) 


IId 9.31 1 . 9 8  1 . 5 4  7.08-7.77 1 . 0 6  ( t ) ,  2 .32 (9) (ethyl) 
IIe 9 . 4 0  1 . 9 4  1 . 4 7  6.86-7.53 0 .82  ( t ) ,  1.08-2.67 (m) (propyl) 


9 . 7 1  1 . 9 8  1 . 5 3  7.07-7.77 0.84 ( t ) ,  0.96-2.68 (m) (butyl) 
9 . 9 6  1 . 9 6  1 . 5 0  7.04-7.51 I. 03 (t), 2 .29 (9) (ethyl); 2 . 4 0  (s) (benzylic 


IIh 10.12  2 .04  1.51 7.13-7.61 0 . 8 6  (t), 1.08-2.56 (m) (propyl); 2 .43  (s) 
C H d  


(benzylic CH,) 


Chemical shift is given in 6 units. Multiplicity is reportad as: 8 = singlet, t = triplet. q = quartet, and m = multiplet. Spectra were determined in CDCII 
wilh tetramethylsilane as the internal reference. * Multiplets. C Spectrum was recorded in D.0 with Tier's salt as the internal reference. 


the two compounds support the probability that the aminooxin- 
dole derivative suppresses arrhythmias by a mechanism similar to 
that of lidocaine. The parallel toxicity curves indicate that the two 
compounds may also produce lethality by similar mechanisms. 
Since IIb and lidocaine are related structurally, it is not surprising 
that they may also have a number of similarities pharmacological- 


The EDm, LDm, 95% confidence interval, and therapeutic in- 
dexes for IIb and lidocaine are shown in Table IV. Although lido- 
caine appears to be slightly more potent in its protection from ar- 
rhythmias than IIb, potency ratio = 1.2 (0.EL2.0)3, this difference 
is not statistically significant. The marked difference in toxicity 
between lidocaine and IIb, potency ratio = 3.8 (3.4-4.2)3, is signifi- 
cant at the 95% level and it is this difference that accounts for the 
much more desirable therapeutic index seen with IIb. 


Any explanation for differences in acute toxicity between the 
two compounds is only speculative. Differences in ability to pene- 
trate into the central nervous system (CNS), as well as to activate 
CNS receptors, may exist. Conformationally rigid molecules such 
as IIb would probably be less likely to interact well with a number 
of different receptor groups than a compound that can assume sev- 
eral conformations. 


Additionally, toxicity differences may be related to the eventual 
disposition of the compounds. Lidocaine is metabolized by oxida- 
tive deethylation of the tertiary amine to 2-ethylamino-2',6'-ace- 
toxylidine in rats, dogs, and humans (15). Although this metabolite 
is only one-third as potent as the parent compound at  preventing 
chloroform-induced arrhythmias in mice, i t  is slightly more potent 
in producing convulsive lethality (16). If this metabolite is also 
formed in mice, then the parent drug and the metabolite would 
contribute to the toxicity demonstrated by lidocaine. Similar con- 
versions to a metabolite that could add to the toxicity of the par- 
ent compound may not occur with IIb. 


Although these rigid compounds do not show an increase in ac- 
tivity, the therapeutic index for IIb is more favorable than the cor-' 


ly. 


c 
0 I 


I I I I I 
0.1 0.2 0.4 0.8 


DOSE, rnrnoles/kg 


Figure 1-Percent protection from chloroform-induced ar- 
rhythmia in  female mice versus the administered intraperi- 
toneal dose of IZb(0) or lidocaine (D). 


The 95% confidence interval. 


responding value for lidocaine. This finding indicates that rigid 
antiarrhythmic drugs of lower toxicity and without a parallel de- 
crease in activity can he prepared and that further efforts in this 
direction may result in superior drugs. 


EXPERIMENTAL4 


3.7-Dimethylindole-This compound was prepared by modifi- 
cation of a previously reported procedure (17). A solution of 10 g 
(0.0764 mole) of 7-methylindole and 28 g (0.518 mole) of sodium 
methoxide in 150 ml of methanol was heated in a 1000-ml Parr 
bomb a t  210-218' for approximately 12 hr and resulted in a pres- 
sure of 780 psi. The mixture was cooled to room temperature, and 
the contents were diluted with methanol and water. The methanol 
was evaporated under reduced pressure, and the residue was steam 
distilled to give 7.7 g (69%) of solid, mp 59'. Recrystallization from 
hexane (charcoal) resulted in white crystals, mp 63" [lit. (17) mp 
56'1; NMR (CDCb): 8 2.33 (d, 3, CH3 of hetero ring) and 2.43 (s ,  3, 
benzylic H), 6.85-8.05 (m, 5, ArH, NH, and N-CH=). 


3-Amino-3-methyloxindoles-The preparation of 3,7-di- 
methyl-3-ethylaminooxindole is described as a typical reaction. 
For additional data, see Table I. N-Bromosuccinimide (21.4 g, 0.12 
mole) was added portionwise over 1 hr to a magnetically stirred so- 
lution of 5.8 g (0.04 mole) of 3,7-dimethylindole in 260 ml of puri- 
fied (11) tert-butanol. The mixture was stirred for an additional 2 
hr a t  room temperature. Evaporation of the solvent in uacuo at 
room temperature resulted in a syrupy residue, which was treated 
with 50 ml of anhydrous ether and filtered to remove the precipi- 
tated succinimide. The precipitate was washed well with ether, and 
the combined filtrate was diluted with additional ether to a vol- 
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Figure 2-Percent lethality of I l b  (0)  or  lidocaine (M) in fe- 
male mice versus the intraperitoneal dose. 


Melting points were determined with a Thomas-Hoover melting-point 
apparatus and are uncorrected. The structures of the compounds were con- 
firmed by their IR and NMR spectra. IR spectra were obtained on a Rerk- 
man IR-8 spectrophotometer. NMR spectra were determined on a Varian 
A-60A spectrometer, using tetramethylsilane as the internal reference. Mi- 
croanalyses were performed by Dr. Kurt Eder, Geneva, Switzerland, and 
PCR, Inc., Gainesville, Fla. 
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Table 111-Effect of Lidocaine and Eight 
3-Amino-3-methyloxindoles against Chloroform-Induced 
Arrhythmias in Mice 


Dose, Protected/ Mean Heart  
mmole/ Number Rate 


Compound kg Tested =t SE 


Saline -a 6/50 592 f 29 
Lidocaine hydro- 0 .173  4/10 348 f 44 


Lidocaine hvdro- 0.346 9/10 245 f 22 
chloride 


chloride 
IIU 
I I b  
I I C  
I I d  
I10 
IIf  


0 .346 2/10 530 + 62 
0.346 7/10 250 & 64 
0.346 5/10 404 f 80 
0.346 5/10 402 f 99 
0.346 2/10 473 f 60 
0.346 6/10 276 f 66 
0.346 5/10 294 f 58 
0.346 3/10 331 f 40 


a For each 10 g of body weight, 0.1 ml of saline was injected. 


Table IV-ED50, LDSo, and Therapeutic Indexes for 
Lidocaine and I I b  in  Mice 


ED5o (95% LD50 (95% Thera-  
Confidence Confidence peutic 


Compound Interval) n Interval)” Index 


Lidocaine hydro- 0 .22  (0.11- 0 . 4 5  (0.43- 2.0 


I I b  0 .27 (0.15- 1 . 7  (1.5- 6 .3  
chloride 0.42)  0.47) 


0.49) 1 . 9 )  


a Millimolea per kilogram. 


ume of 250 ml. A solution of 33% ethylamine in absolute ethanol 
(20 ml) was added, and the resulting mixture was stored at  room 
temperature for 1 week. The precipitate of ethylamine hydrobro- 
mide was filtered and washed with ether, and the ethereal solution 
was evaporated to a residue. 


The residue was dissolved in 200 ml of 70% aqueous acetic acid 
and hydrogenated with 2 g of 10% Pd/C catalyst overnight on a 
Parr apparatus (initial hydrogen pressure = 55 psi). About 1.8 kg 
(4 lb) of hydrogen was absorbed. The catalyst was filtered on a sin- 
tered-glass funnel, and the solution was evaporated in uacuo. The 
semicrystalline residue was treated with 100 ml of 10% hydrochlo- 
ric acid, and the mixture was diluted with water to 500 ml to dis- 
solve all solids. This solution was then extracted twice with 100- 
and 75-ml portions of ether, respectively. 


The aqueous phase was neutralized with solid sodium bicarbo- 
nate until the pH of the solution was 8-9. A white solid separated 
which was extracted once with 100 ml of chloroform and twice with 
50-ml portions of chloroform. The combined chloroform extracts 
were dried over anhydrous magnesium sulfate. Evaporation of the 
dried solution gave 7.25 g (89%) of cream-colored solid, mp 138- 
139” with softening at  130’. Recrystallization from hexane with 
charcoal5 treatment afforded 5.5 g of white product, mp 140-141O. 
Workup of the mother liquors resulted in a second crop of 0.77 g, 
mp 139.5-140.5O. The total recrystallized material amounted to 
6.27 g. 


Pharmacology-The antiarrhythmic screening procedure used 
was a modification of that described by Lawson (13). Female albi- 
no Swiss Webster mice, 20-25 g, were obtained from a local dealer6 


Norit. 
Laboratory Supply, Indianapolis, Ind. 


and given 5 days to recover from shipping stresses before use. Food 
and water were supplied ad libitum. The screening procedure con- 
sisted of injecting the animals intraperitoneally with the experi- 
mental compounds or the standard, lidocaine hydrochloride7, dis- 
solved in 0.1 N HC1. The concentration of each preparation was 
such that a volume of 0.1 ml was injected for each 10 g of body 
weight. 


After injection, each mouse was placed in a chloroform-saturat- 
ed atmosphere and observed. As soon as respiratory arrest oc- 
curred, usually within 1-2 min, the animal was removed from the 
chloroform atmosphere and an ECG tracing was obtained8 (lead 
11). Ventricular rhythms above 300 beats/min were considered ar- 
rhythmic; those below 300 were considered rhythmic or protected 
from the chloroform-induced arrhythmia. Lethality was deter- 
mined at  3 hr following intraperitoneal injection of lidocaine hy- 
drochloride or the test compound. 


The ED50 and LDN were calculated by the method of Litchfield 
and Wilcoxon (14). 
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Reduced Binding of Sulfaethidole to Bovine 
Serum Albumin in Presence of 
Benzalkonium Chloride 


Keyphrases Sulfaethidole-reduced binding to bovine serum 
albumin in presence of benzalkonium chloride 0 Benzalkonium 
chloride-effect on binding of sulfaethidole to bovine serum al- 
bumin Binding-sulfaethidole to bovine serum albumin, effect 
of benzalkonium chloride 


To the Editor: 


In an earlier publication (1) we showed that a 
range of acidic drugs was capable of displacing the 
long acting sulfonamide, sulfaethidole, from its pri- 
mary binding site whereas some quaternary ammo- 
nium compounds were not. We have continued these 
displacement experiments with a broader range of 
basic drugs, using the same experimental conditions, 
namely 1.45 X M bovine serum albumin and 
2.52 X M sulfaethidole in a pH 7.4 physiological 
phosphate buffer, for the circular dichroic technique. 


The following basic drugs showed less than 2% dis- 
placement of sulfaethidole: phenylpropanolamine 
(7.04 X M ) ,  caffeine (1.03 X M ) ,  tripelen- 
namine (3.43 X M ) ,  atropine (2.88 X M ) ,  
propranolol (2.03 X M ) ,  imipramine (2.42 X 


M ) .  However, 
the germicide, benzalkoniuml, greatly reduced the 
induced ellipticity of sulfaethidole and hence its al- 
bumin binding (Fig. l). 


Benzalkonium chloride is a mixture of alkyl di- 
methylbenzylammonium chlorides where the alkyl 
chain predominantly contains 12 or 14 carbon atoms. 
By using an average molecular weight of 372 and as- 
suming that one molecule of benzalkonium displaces 
one molecule of sulfaethidole, a binding constant of 
1.4 X lo4 M-' can be calculated by the method pre- 
viously described. This value of lo4 is in good agree- 
ment with the binding constants quoted for the bind- 
ing of other long chain quaternary ammonium com- 
pounds to bovine serum albumin (2-4) and suggests 
that benzalkonium shares a t  least some areas of a 
binding site with the anionic sulfaethidole. 


The sulfaethidole curves shown in Fig. 1 do not 
cross over a t  exactly the same point and the shape of 
the smaller curves, those with the highest benzalko- 
nium concentration, are somewhat distorted because 
the benzalkonium slightly modifies the circular di- 
chroism of bovine serum albumin in the 250-300-nm 
region. This region is a fingerprint region for the aro- 
matic residues of the protein, and the changes in the 
spectrum suggest a change in the polarity of the im- 
mediate environment of these residues, possibly as a 
result of conformational changes in the albumin. 


The circular dichroism spectrum of proteins below 
250 nm is primarily due to the secondary structure of 
the albumin; when using a benzalkonium concentra- 
tion of 2.28 X loe4 M and a bovine serum albumin 


M ) ,  and benzocaine (6.32 X 


I , u, I L 


-2.0 


240 250 260 270 280 290 300 310 
WAVELENGTH, nm 


Figure 1-Induced ellipticity of the sulfaethidole-bovine serum 
albumin complex in the presence of benzalkonium. Measure- 
ments were made in 10-mm cells at p H  7.4. The concentration of 
bovine serum albumin was 1.45 X 10-5 M ,  and that of sul- 
faethidole was 2.52 X M. The concentrations of benzal- 
konium were: 1, 0; 2, 0.91 x 10-4 M ;  3, 1.46 x lo-' M; 4, 
1.82 X M; 5,2.28 X lO-'M; 6,2.74 X lo-.' M ;  7, 3.66 
X 


concentration of 1.45 X 10-6 M ,  a reduction in ellip- 
ticity of 4.5% was observed in the 205-225-nm region. 
This finding suggests that some conformational 
change is produced by benzalkonium; however, the 
spectrum in this region is complicated by the contri- 
butions from the aromatic residues of the albumin. 


If this change in ellipticity is due to conformational 
changes, then the changes are smaller than those 
found with anionic detergents under similar condi- 
tions. 


Benzalkonium is usually used in a concentration of 
1 in 10,000 as a preservative; even if injected, the 
large dilution factor would make the conformational 
changes in the albumin insignificant. However, the 
direct application of this concentration to mucous 
membranes may cause some denaturation of the 
membrane protein. 


M; and 8, 4.57 X lo-' M. 
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Cholelit hiasis Chemotherapy: An 
In Vitro Approach 


Keyphrases 0 Cholelithiasis chemotherapy-identification of 
cholesterol gallstone-dissolving agents, in uitro screening system 


Gallstones, cholesterol-dissolution, identification of drugs, in 
uitro screening system 0 Cholesterol gallstones-dissolution, in 
uitro screening system to identify potential chemotherapeutic 
agents 


To the Editor: 


Cholelithiasis, a disease state resulting from defi- 
ciencies in cholesterol transport within the biliary 
system, is known to have afflicted humankind for 
centuries (1). Today, surgical removal of gallbladders 
and their stones is one of the most commonly per- 
formed operations with a third of a million chole- 
cystectomies yearly in the United States alone (2, 3). 
Many treatments have been recommended including 
herbs, mineral waters, olive oil, and turpentine (4). 
More recent approaches to chemotherapy have gen- 
erally been based on the feeding of endogenous com- 
ponents of bile, bile salts (5-8), or phospholipids (9). 
Clinical success with chenodeoxycholic acid adminis- 
tration was recently reported (8). Other studies have 
assessed the role of steroids (lo), cod liver oil ( l l ) ,  
and some drugs (12) on gallstone dissolution in rab- 
bits fed a lithogenic diet. 


The purpose of this research was to identify agents 
capable of bringing about the dissolution of choles- 
terol gallstones following oral administration. An in 
vitro screening system was developed which can 
monitor changes in the cholesterol-holding capacity 
of bile upon the addition of a test compound. The ra- 
tionale for such a screening system is based on the 
physical-chemical properties of bile. 


Bile salts will spontaneously aggregate into mi- 
celles above a critical temperature and concentration. 
Alone, these micelles have little ability to solubilize 
cholesterol; but in the presence of lecithin, the forma- 
tion of mixed micelles enables the transport of large 
quantities of cholesterol (14). Small et al. (15) de- 
scribed this mixed micelle as a cylinder of bile salts, 
with hydrophilic sides facing the aqueous phase, sur- 
rounding an inner core of lecithin. The hydrophilic 
ends of the lecithin comprise the top and bottom of 
the cylindrical mixed micelle. Lecithin can interact 
with cholesterol to form liquid crystalline aggregates 
that are not soluble in aqueous media. Bile salts can 
engulf such aggregates to form mixed micelles and, in 
so doing, solubilize larger quantities of cholesterol. A 
complete description of these relationships may be 
found elsewhere (16). 


The solubility of cholesterol in these four-compo- 
nent systems (bile salt, lecithin, cholesterol, and 
water) has been extensively studied. However, it has 
been difficult to find agreement on the same solubili- 
ty values. Recently, the factors responsible for the 
discrepancies were identified (17) and the basal solu- 
bility of cholesterol was found to be in the order of 5 
mole '70 (17-19). With this equilibrium solubility value 
defined, it has become possible to design a screening 
system capable of identifying compounds that can 
modify the equilibrium solubility of cholesterol in 
bile; such compounds would be potentially useful as 
cholelitholytic agents (20). 


The cholesterol-solubilizing potential of a homolo- 
gous series of quaternary nicotinic acids was studied 
in an aqueous in vitro system devoid of biliary com- 
ponents (13). While such a procedure measures the 
inherent solubilizing characteristics of a compound, 
it fails to identify compounds that cannot form mi- 
celles or water-soluble complexes with cholesterol but 
can otherwise interact with the biliary transport sys- 
tem to increase its carrying capacity (lecithin, for ex- 
ample). There is also the possibility of a compound 
interfering with the structure and function of the bil- 
iary micelles. Thus, it was considered worthwhile to 
employ a primary in uitro screening procedure based 
upon the bile salt-lecithin system. Secondary tests 
could then consider the inherent solubilizing ability 
of active compounds to gain information on their 
mechanism of action. A secondary test evaluating the 
effect of an active compound on the kinetics of gall- 
stone dissolution is warranted; recent studies have 
discovered barriers to cholesterol dissolution in un- 
dersaturated bile systems (21). The development of a 
primary screen and some preliminary solubility en- 
hancement data are the subjects of this report. 


Excess hydrated crystalline cholesterol spiked with 
cholester01-4-'~C was added to a lecithin-bile salt so- 
lution containing 38 mM egg lecithin and 135 mM 
conjugated bovine bile salts in a 0.05 M phosphate 
buffer (pH 7.4), as previously described (22). The sol- 
ubility of cholesterol a t  37' in this milieu was fol- 
lowed until equilibrium was reached. Because the 
long incubation times and numerous samplings of the 
bulk cholesterol-lecithin-bile salt suspension permit- 
ted microbial alterations, it was necessary to develop 
methods for sterilization and storage of the system. 
An incubating-stirring apparatus was designed that 
allowed for storage and aseptic sampling of this sus- 
pension (23). 


When the cholesterol reached its equilibrium solu- 
bility, homogeneous aliquots of the suspension were 
placed into prewarmed vials containing the carefully 
weighed drug candidates. The systems were incubat- 
ed with shaking at  37O for 24 hr. The solubility of 
cholesterol was then measured by liquid scintillation 
counting of an aliquot of the filtrate obtained by 
membrane filtration. Efficient determination of cho- 
lesterol solubility and recording of data were abetted 
through the use of automated liquid scintillation 
counting instruments equipped with punch-tape out- 
puts. The tape was fed into a time-share terminal 
and, with the use of appropriate programs, back- 
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Table 111-Recovery Data 


Product 
Saccharin 


Initial Assay Added, m g  Final Assay Recovery, % 


Tablet  
Tablet  
Suspension 
Suspension 
Elixir 
Elixir 


16 .9  mg/tablet 4 . 8  21.7 mg/tablet 100 
3 2 . 6  mg/tablet 9 . 3  42.0 mg/tablet 100 


3 . 8  mg/5 ml  5.5 9 . 1  mg/5 ml  98 
3 . 8  mg/5 m l  1 0 . 2  13 .6  mg/5 ml 97 


5 . 1  mg/tablet 5 . 1  10.5 mg/5 ml  103 
5.1 mg/5 m l  10.5 1 6 . 3  mg/5 ml 105 


Interferences-To establish the applicability of this procedure 
to various pharmaceutical dosage forms, synthetic formulations 
were made by adding sodium saccharin and were analyzed in addi- 
tion to commercially available products. By the use of saccharin- 
free placebo formulations, it was found that pharmaceutically ac- 
tive ingredients such as ascorbic acid, nicotinyl alcohol, aprobarbi- 
tal, dextromethorphan hydrobromide, chlorpheniramine maleate, 
acetaminophen, and sulfamethoxazole did not interfere with the 
analysis. 


One pharmaceutical product contained a vitamin B-complex 
mixture made up of thiamine mononitrate, riboflavin phosphate, 
pyridoxine hydrochloride, niacinamide, and calcium pantothenate. 
The ingredients in the mixture did not cause any interference. 
Commonly used pharmaceutical excipients such as corn syrup, su- 
crose, citric acid, sodium citrate, sodium benzoate, propylene gly- 
col, stearic acid, magnesium stearate, and mannitol also did not af- 
fect the utility of this method. 
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Drying Rates of Tablet Granulations I: 
Effect of Certain Granulating Adjuvants on 
Drying Rates 


BALDEV R. BHUTANIS and VISHNU N. BHATIA 


Abstract The design and construction of a laboratory size dryer 
and other accessories suitable for investigating the drying rate ki- 
netics of granules under controlled external conditions are de- 
scribed. Granulations of lactose and sulfathiazole, representing 
water-soluble and insoluble materials, were prepared using various 
commonly used binders, and their drying rates were determined. 
The binders and diluents affected the drying rate curves for these 
granulations both qualitatively and quantitatively. Granules made 
with starch paste and gelatin solution required maximum time and 
energy for drying and those made with simple syrup USP required 


The manufacture of pharmaceutical tablets re- 
quires the preparation of granular material for com- 
pression. One common method of preparing these 


the least among the binders studied. Generally, three linear slopes 
were observed when the drying rate was plotted against the mois- 
ture remaining, indicating that granulation drying may be consid- 
ered as occurring through three distinct phases. 


Keyphrases 0 Tablet granulations-effect of granulating adju- 
vants on drying rates 0 Granulating adjuvants-effect on drying 
rates of tablet granulations 0 Drying rates, tablet granulations- 
effect of granulating adjuvants Excipients-effect of granulat- 
ing adjuvants on drying rates of tablet granulations 


suitable granules is by wet granulation. Although the 
industrial pharmacist is well aware of the cost savings 
in the choice of excipients, size of tablet, and speed of 
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t o  Balance 
B a f f l e s  


Asbestos t A i r  gap Plywood t 


F i g u r e  1-Cross section of the dryer designed for this study. 
Key:  H ,  heating coil; B and C ,  thermocouples; A and D,  ther- 
mometers; M ,  metal loop; 01 and 0 1 1 ,  openings through the 
dryer; and P ,  dryingpan. 


the tableting machines, little attention has been.paid 
to the efficiency of the drying operation following the 
wet granulation. The high heat energy consumption 
involved in the drying of tablet granulations makes it 
a very expensive operation. This is particularly true 
for the last phases of the drying operation aimed at 
removing moisture in the range of 10.0-0.5% (w/w). 


Even though the drying rates of various materials 
have been studied in the chemical industry ( 14 ,  lit- 
tle effort has been made to understand the kinetics of 
drying of porous materials such as tablet granules. 
Pharmaceutical granulations can vary widely, based 
upon differences in porosity and the mechanism by 
which the moisture is held within them. Therefore, 
the drying rate kinetics of these pharmaceutical 
granulations must depend upon the physicochemical 
nature of the ingredients as well as the solutions of 
the binding agents used to form them. 


Most binding agents used for wet granulations, 
such as starch paste, acacia mucilage, gelatin solu- 
tion, simple syrup, methylcellulose solution, and corn 
syrup, are hydrophilic in nature. These binders in- 
crease the bulk density and reduce the porosity of the 
powder, thereby diminishing the effective surface 
area for evaporation. Hydrophilic binders also retard 
the rate of evaporation of moisture by lowering the 
vapor pressure of liquid moisture. In addition, the 
amount of moisture introduced into the granules and 
retained by them after drying varies greatly with dif- 
ferent binding agents. 


The purpose of the present investigation was to de- 
sign experimental conditions to study the drying rate 
of the granules under controlled external conditions. 
Using such drying conditions, attempts were made to 
elucidate the comparative effect of some commonly 
recommended binding agents. These include starch 
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Figure 2-Drying rate curve for sulfathiazole granulation 
prepared using distilled water as the binder and plotted as 
moisture content on dry basis versus time of drying. 


(7, S), gum acacia (7), corn syrup (7), gelatin (9), sim- 
ple syrup (9), carboxymethylcellulose (lo), and povi- 
done (11, 12). Additionally, the effects of binder con- 
centrations and diluents on the-drying rates of the 
granulations were studied. 


EXPERIMENTAL 


Equipment Design-To study the rate of drying of granules 
based upon the internal mechanism of liquid flow and indepen- 
dent of external conditions of drying such as temperature, humidi- 
ty, air flow rate, and state of subdivision, a special setup was re- 
quired. An experimental apparatus was designed and fabricated, 
consisting of three sections: (a) dryer, (b) drying air humidity and 
flow rate control line, and (c) air heating chamber. 


The dryer was a 54 X 46 X 30-cm well-insulated box (Fig. 1). 
The sides of the dryer were constructed from four layers consisting 
of (from outside to inside) 1.27 cm plywood, 0.64 cm asbestos, 0.32 
cm air gap, and 0.64 cm asbestos. An additional insulation layer 
was added while studying the effect of physical properties of the 
granulations upon the rate of the first falling rate period. 


The inner side of the dryer was sprayed with aluminum paint to 
cut down heat loss by radiation. The dryer was fitted with a rea- 
sonably quick opening door a t  one end. The rubber gasket was 
placed between the dryer and the door to make an airtight closure. 
To improve air circulation, the dryer contained horizontal baffles 
made of 1.27 cm plywood. 


A square sample pan, P (30 X 30 X 3.8 cm), was suspended by its 
corners with a thick metal wire from two corners of a square- 
shaped metal loop, M (15 X 15 cm), made from a 0.64-cm diameter 
iron rod. The other two corners of the metal loop extended outside 
the dryer through the openings, 0 1  and 0 1 1 ,  in the upper side of the 
dryer. These two corners were connected to the weighing pan of 
the balance as shown in Fig. 1. 


The two openings through which the loop M extended outside 
were fitted with rubber stoppers, each having a central hole equal 
to the diameter of the iron rod of the loop. These openings were al- 
ways kept closed except when the weight was being recorded. A 
heating coil, H, connected in series to a variable resistor was placed 
inside to preheat the dryer to achieve the experimental conditions 
faster. 


Thermocouples were placed at  points B, C, and D in Fig. 1 and 
the temperature was read'. Thermocouple C was placed over the 
surface of the sample granules. The temperature at point A was 
measured using a mercury thermometer. Temperatuies a t  points 


On a Tele-Thermometer, model 44, 12 channel, Yellow Springs Instru- 
ment Co., Inc., Yellow Springs, Ohio. It is capable of accurately measuring 
temperature differences of up to lo F. 
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Table I-Initial and Final Moisture Contents, Critical Points, Slopes of Falling R a t e  Periods, and Drying Rates  
during Constant Rate Period of Sulfathiazole Granules Made with Various Binding Agents 


Critical Points, % Slopes of Falling 
Initial Final Total Drying Moisture on Dry  Basis R a t e  Periods* 


Moisture Moisture Drying Rate 
Content, Content, Time, during First Second First Second 


Binding Agent % w/w % w/w min CRPa Point  Point Slope Slope 
~~ ~ ~~ 


Distilled water 38 .9  0 .o 810 34 .5  15 .OO 2 .80  0 . 5 5  11 .oo 
Starch paste, 10% (w/w) 37.5 0 . 3  875 31 .7  20.05 2 .50  0 . 4 5  11 .oo 
Starch paste, 15% (w/w) 37 .9  0 . 8  925 31 . O  22 .oo 3 . 3 5  0 . 5 6  8 . 7 5  
Acacia mucilage, 10% (w/w) 30 .4  0 . 3  705 34 .5  15 .OO 3 .OO 1 .oo 11.30 
Acacia mucilage, 15% (w/w) 29 .4  0 . 3  755 30.0 16 .OO 3 .OO 0 . 6 9  8 .34  


30 .5  22 .oo 2 .50  0 . 6 3  1 0 . 6 1  
- I _  3 .OO 0 . 5 2  9 . 3 0  


Gelatin solution, 10% (w/w) 28.7 0 . 8  840 
Gelatin solution, 15% (w/w) 28 .2  0 . 9  825 
Povidone N F  solution, 10% 29 .O 0 . 2  755 28 . O  12.00 2 .oo 0 . 6 7  11 .oo 
Methylcellulose solution, 3% 33 . O  0.6 955 28 .0  20.00 2 .70  0 . 5 0  8 .OO 


- d  1.65 0 . 5 0  6 . 4 5  
- - d  2.80  0 . 8 8  6 . 5 0  


Simple syrup USP 1 1 . 2  0 . 1  525 
Corn sugar solution, 50% 1 7 . 6  1 .o 730 


- 


(w/.w) 


(W/W) 


(w/w) 


- 


CRP = constant rate period [grams/(hour) (kilogram ofdry solid)]. * Unitsaregrams per hour kilogram. Above 25.00 (projected). Above initia1,moisture 
content. 


A, B, C, and D will be referred to as heating chamber, inlet air, 
granules surface bed, and outlet air temperatures, respectively. 


To obtain drying air at constant flow rate and humidity, incom- 
ing air from a blower was cooled in the range of from -10 to -15", 
using a salt-ice bath to condense most moisture. Final traces of 
moisture were removed by bubbling the air through two successive 
containers of concentrated sulfuric acid. The air was then passed 
through two empty conical flasks plugged with glass wool to retain 
any suspended acid droplets, followed by passage through solid so- 
dium hydroxide to remove the last traces of sulfuric acid. The air 
thus treated was considered perfectly dry2. 


This air was passed through a Rotameter3 to measure the air ve- 
locity which could be adjusted by a Hoffman clamp. The resulting 
air was forced through an air heating chamber, which consisted of 
a metallic box, 15 X 15 X 18 cm, well insulated from the environ- 
ment by a 1.90-cm layer of foam rubber. A heating coil controlled 
by a variable resistor was fitted inside the heating chamber to heat 
the air to a required temperature. 


Sulfathiazole Granulation Studies-The granules were pre- 
pared by adding the binding agent to sulfathiazole powder in a 
blender mixer until a suitable wet mass was obtained. This mass 
was then forced through a 10-mesh standard screen. The initial 
moisture content of these granulations was determined using a 
moisture determination balance4. Enough wet granules were 
spread uniformly to provide a 1.27-cm bed over the sample pan P 
of the dryer. The pan was suspended inside the dryer, and a ther- 
mocouple was placed over the surface of the granules. The door of 
the dryer was closed and the dryer was heated to approximately 
70' for 30 min, employing the heating coil H and the heated inlet 
air a t  a rate of 3.40 X lo6 cm3/hr. 


The electric current passing through the coil was then gradually 
reduced to zero, such that the inlet air temperature was stabilized 
at  50" and the weight of the entire suspended system (weighing as- 
sembly plus granules) was noted. From this point on, readings for 
the inlet air, granules surface bed, outlet air temperatures, and 
weight of the suspended system were recorded periodically until 
the weight of the suspended system was constant. The dryer was 
then opened and the final moisture content of the dried granules 
was determined using the moisture balance. 


The data collected were used to calculate the drying rate [grams 
of moisture evaporated/(hour)(kilograms of dry solid)] and the 
amounts of moisture lost every 30 min daring the drying operation 
for every batch of granulation. Each experiment was carried out a t  
least twice. In most cases there was no statistically significant dif- 
ference in the results, the range of variation being within fl% (w/ 
w) moisture content for the critical points. However, if the two ex- 


* Twenty cubic feet of the resulting air was passed through a drying tube 
containing Drierite and no increase in the weight of the drying tube was ob- 
served. 


Tube size R-6-25-B, Brooks Instrument Division, Hatfield, Pa. 
Model 6000, Ohaus Scale Corp., Union, N.J. 


perimental results differed significantly, the experiment was re- 
peated until two consecutive experimental results fell within re- 
quired limits. 


Lactose Granulation Studies-The procedure employed to 
study lactose granulations was identical to that used for sulfathia- 
zole granulations except for the drying conditions. In this case, the 
dryer was heated to approximately 60° for 30 min, employing the 
heating coil H and the heated inlet air a t  a rate of 2.83 x lo6 cm3/ 
hr after placing the granulation in the sample pan. The electric 
current passing through the coil H was then gradually reduced to 
zero, such that the inlet drying air was stabilized at 40". The 
drying rate of lactose granulation was not studied at  50" because at  
this temperature lactose turned yellow, indicating a chemical 
change. 


RESULTS AND DISCUSSION 


When a solid is dried experimentally, the data usually obtained 
relating moisture content to time of drying can be plotted in vari- 
ous forms: 


1. Moisture content (dry basis) versus time of drying 
2. Drying rate [grams of moisture evaporated/(hour) (centime- 


ter$ of drying area)] uersus moisture content [grams of free mois- 
ture/gram of dry solid] - 


I ,  


i g  SECOND FIRST 
I- A FALLING FALLING 
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figure 3-Drying rate curve for sulfathiazole granulations 
prepared using distilled water as the binder and plctted as 
drying rate [grams of moisture evaporated/ (hour) (kilogram 
of dry solid) ] versus moisture content of granulation. Key:  a, 
points from Experiment 1; and A, points from Experiment2. 
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Table 11-Initial and Final Moisture Contents, Critical Points, Slopes of Falling R a t e  Periods, and Drying Rates 
during Constant Rate  Period of Lactose Granules Made  with Various Binding Agents 


Critical Points, % Slopes of Falling Initial Final Total Drying Moisture on D r y  Basis Rate Periodsb 
Moisture Moisture Drying R a t e  
Content, Content, Time, during First Second First Second 


Binding Agent % w/w % w/w min CRPn Point Point Slope Slope 


Distilled water 
Starch paste, 10% (w/w) 
Starch paste, 15% (w/w) 
Acacia mucilage, 10% (w/w) 
Acacia mucilage, 15% (w/w) 
Gelatin solution, 10% (w/w) 
Gelatin solution, 15% (w/w) 
Povidone N F  solution, 10% 


Povidone NF solution, 15% 


Methylcellulose, 30% (w/w) 
Simple syrup USP 
Corn sugar solution, 50% 


(w/w) 


(w/w) 


(w/w) 


14.8 
19.5 
28.2 
19.4 
17.4 
19.2 
18.6 
21.6 


22 .o  
17.2 
8 .2  


16.4 


0.6 
1 . 5  
1 . 8  
3 . 5  
4.3 
3 . O  
4.2 
4 . 5  


4.8 


3 . 7  
2.6 
3.7 


700 
780 
840 
625 
685 
840 
780 
775 


780 


600 
415 
675 


21.5 
20.7 
20.2 
21.3 
19.3 
17.8 
17.7 
18.0 


19.5 


17 .3  


5 . O  
- 


6.60 
11.50 
13.80 
11 .o 
11.2 
10.8 
12.40 
11.30 


11.40 


9 .6  


8.05 
- 


2.00 
3.00 
4.35 
5.30 
5.40 
4.50 
5.80 
6.20 


6.20 


4.45 
3.16 
4.5 


1.47 
0.95 
0.70 
1.56 
1.35 
0.91 
0.55 
1.21 


1.67 


1 .oo 
1.61 
2.50 


10.10 
8.70 


10.35 
8.25 


10.90 
7.50 
6.94 
7.69 


9.25 


7.08 
7.40 
7.80 


" CRP = constant rate period [grams/(hour) (kilogram of dry solid) I . * Units are grams per hour kilogram. 


3. Drying rate [grams of moisture evaporated/(hour) (centime- 
ters2 of drying area)] versus time of drying 
4. Drying rate [grams of moisture evaporated/(hour) (gram of 


dry solid)] uersus moisture content [grams of free moisture/gram 
of dry solid] 


The first method of plotting normally gives a smooth curve and 
shows no sharp breaks. The fact that the drying rate is subject to 
variation with time of drying and moisture content of solid can be 
better illustrated by the latter three methods. For example, when 
experimental data for sulfathiazole granulations, made using dis- 
tilled water as the binder, were plotted using Method 1, a smooth 
curve was obtained (Fig. 2). However, when the same data5 were 
plotted following Method 4, the curve showed three distinct phases 
of drying (Fig. 3). 


The slopes of the straight lines in Fig. 3 were obtained using lin- 
ear regression analysis. The drying rate curve showed a constant 
rate period segment, which is a straight line parallel to the X axis. 
This constant rate period was followed by two additional straight 
lines, representing the first and the second falling rate periods. 
The drying rate curve for lactose granulations was similar in na- 
ture (Fig. 4). The presence of three phases of drying could be ex- 
plained based upon the mechanism of moisture movement within 
the solid phase during drying (1-4,6). 


All drying rate curves exhibited this typical drying pattern as 
described here. However, in some cases, the constant rate period 
was not observed since the initial moisture content of the granules 
was below the first critical moisture content. The critical points, 
the slopes of the falling rate periods, and the drying rates during 
constant rate periods obtained for each binder are presented in 
Tables I and 11. 


During the constant rate period, the rate of drying is constant 
since the surface conditions remain unchanged. The temperature 
of the bed, the humidity, the velocity, and the temperature of the 
drying air are constant. Furthermore, the fraction of wetted sur- 
face of the drying particles remains the same. Moisture movement 
within the solid is rapid enough to maintain a steady state such 
that the surface is always saturated with liquid moisture. The 
moisture diffusing to the drying air from the surface of the solids is 
immediately replaced by the moisture from the interior. The end 
of the constant rate period is reached when the concentration of 
the moisture in the solid corresponds to point B in Fig. 3. This 
point, termed the first critical point, initiates the first falling rate 
period. 


After the first critical moisture content point has been reached, 
the rate of drying begins to fall off linearly with the moisture con- 
tent of the solid. This falling rate period corresponds to the phase 


Experimental data for two separate experiments for the same granula- 
tions were plotted on the same graph. This technique was used to minimize 
experimental errors. 


of the drying cycle when only part of the solid surface is wet be- 
cause the internal moisture migration is inadequate to replace ,the 
moisture evaporated from the surface of the solids. As the liquid 
moisture is progressively removed from the solid, the fraction of 
the pore volume occupied by air increases and there is insufficient 
moisture left to maintain a continuous film across the pores. This 
initiates the second falling rate period (point C in Fig. 3). After 
this state is reached, evaporation of liquid moisture takes place in- 
side the pores and then mass transfer occurs by a vapor diffusion 
process. 


Since binding agents change the physical characteristics of the 
granulations, the curves were plotted as drying rate: grams of 
moisture evaporated/(hour) (kilogram of dry powder) versus mois- 
ture content (grams of free moisture/gram of dry solid). The per- 
centage of moisture needed to prepare a suitable wet mass for 
granulation of lactose and sulfathiazole ranged between 8.3 and 
28.2% (w/w) for lactose and 11.2 and 38.9% (w/w) for sulfathiazole. 
One commonly used binder, starch paste, introduced the maxi- 
mum amount of moisture into the granules. More time and energy 
were required to dry the granules made with starch paste than the 
granules made with other commonly used binders such as acacia 
mucilage, solutions of povidone NF, and gelatin solution. 


Of all the binders studied, simple syrup USP introduced the 
minimum amounts of moisture [8.2% (w/w) for lactose and 11.2% 
(w/w) for sulfathiazole]. These amounts were approximately one- 


h 


4 15 1 2 3 4 5 6 7 8 9 10 11 12 


0 
Figure 4-Drying rate curve for lactose granulations prepared 
using distilled water as the binder and plotted as drying rate 
[grams of moisture evaporated/(hour) (kilogram of dry solid) ] 
versus moisture content of granulation. Key:  0, points from 
Experiment 1 ;  and A, points from Experiment 2. 
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third of those used for 15% (w/w) starch paste. Correspondingly, 
the time needed to remove the moisture from granules made with 
simple syrup was observed to be only about 40% of that needed for 
the granules made with 15% (w/w) starch paste. All of the other 
binders studied introduced moisture ranging between these two 
extreme values of 15% (w/w) starch paste and simple syrup USP. 


The amount of moisture introduced into the granules during the 
granulation process also varied with the concentration of the solu- 
tion or the suspension of the binding agent used. These amounts 
increased with increasing concentrations of binders in the case of 
starch paste, decreased with mucilage of acacia and gelatin solu- 
tion, and remained almost constant for solutions of povidone NF. 
The increase in the initial moisture content of the granules in the 
case of starch paste is related to the considerable thickening that 
occurs with increasing concentrations of the paste. This thickening 
or reduced fluidity decreases the wetting ability of the paste. 


The amount of moisture retained appears related to the affinity 
of granulation for water. With both lactose and sulfathiazole gran- 
ulations, the binding agents increased the moisture-retaining ca- 
pacity of the granules. The quantity of moisture retained by the 
granules increased with the increasing concentration of the bind- 
ing agents used. Since moisture is often a major cause of deteriora- 
tion of medicaments, the final moisture content of the granula- 
tions is usually a major concern for the industrial pharmacist. 


The drying rates during the constant rate period were highest 
for granules prepared with distilled water as a binding agent, be- 
cause it had the least effect on the bulk density and porosity of the 
chemical. The drying rate was the least for corn sugar solution. 
The rate of drying dropped by about 25% for granules made with 
corn sugar solution; 15% for granules made with 3% (w/w) methyl- 
cellulose, 10% (w/w) gelatin solution, 15% (w/w) gelatin solution, 
and 10% (w/w) povidone NF solution; and 5-10% for granules 
made with 15% (w/w) starch paste, 15% (w/w) acacia mucilage, and 
15% (w/w) povidone NF solution. 


In some cases (lactose granules made with simple syrup, gelatin 
solution, and corn sugar solution) the constant drying rate period 
was not observed since the first critical point apparently existed 
above the initial moisture content of the granules. In the case of 
sulfathiazole granulations prepared using gelatin solution, the 
economy of the drying process was greatly affected, since all mois- 
ture must be evaporated during the falling rate periods, which con- 
stitute more expensive phases of the drying process. When more 
concentrated solutions or suspensions of the binders were em- 
ployed, most of the drying operation took place in the falling rate 
periods. This results due to a decrease in the granulations porosity 
whereby the moisture migration from the interior of the granules 
to the surface becomes more difficult so unsaturation of the sur- 
face occurs a t  earlier stages of drying. 


The slopes of the first and second falling rate periods for lactose 
and sulfathiazole granules made with different binding agehts rep- 
resent the rates of decrease of drying rates in relation to decreasing 
moisture content of the granules. Higher values for these slopes 
represent a faster change in the lowering of the drying rate or a 


longer drying period. A comparative evaluation of binding agents 
for their effect on the slopes of falling rate periods as well as the ef- 
fect of various physical parameters of the granulations upon this 
phase of drying will be the subject of future studies. 


CONCLUSIONS 


A laboratory size dryer as well as other accessories, designed and 
constructed to study the drying rate kinetics of porous granula- 
tions, was used to evaluate the effect of binders on the drying rates 
for lactose and sulfathiazole granules. The drying rate data ob- 
tained showed three distinct phases of drying, which were both 
qualitatively and quantitatively different for different binders and 
diluents. 


Future uses of this setup will include studying the effect of 
physical properties of the granulations upon the drying rates and 
the mechanism of drying. 
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boxyl group of I, thus making possible the approach and subse- 
quent hydrophobic bonding of the steroid-like ring structure of 
neighboring molecules. This can continue until pentomers become 
the dominant species, after which increasing salt gives rise to sec- 
ondary micelles. These are formed, as suggested by Small (l),  by 
dehydration of the weaker nonionic groups and resultant hydrogen 
bond formation between primary micelles, analogous to a salting- 
out effect. 


On a molar basis, the free energy of dimerization of I was calcu- 
lated from the salt-free system. A t  the highest concentration stud- 
ied, 74 mM, the molecular weight was 850. Thus, from both the ex- 
pression for the z-average molecular weight (Eq. 1): 


and the relationship between monomer and dimer concentrations 
(Eq. 2): 


m, = m,,, - ?mi (Eq. 2) 


the concentration of monomer and dimer could be obtained, as- 
suming ideal solution properties and the absence of larger aggre- 
gates. The equilibrium dimer concentration (mz) was found to be 
15 mM, and the monomer concentration (m3 at equilibrium was 
44 mM. The symbol used for initial monomer concentration was 


Then the equilibrium constant for the reaction: 


2 fusidate S fusidate2 


Scheme 1 


was given by: 


[fusidate,] 
K =  = 7.75 


[ f ~ s i d a t e ] ~  (Eq. 3) 


and: 


A G L  = -RT In K = -1200 cal/mole (Eq. 4) 


On the other hand, with sodium chloride added to give a salt to I 
ratio of 0.5, dimerization was facilitated. A molecular weight of 900 


was reached at  a I concentration of only 18 mM, and repetition of 
the thermodynamic calculation for dimerization led to a value of 
56 for K and of -2400 cal/mole for A G L .  In this second computa- 
tion, it was assumed, as shown by Carey and Small (3), that salt 
was not specifically or firmly bound to the dimer but acted only as 
a supporting electrolyte, that is, to mask charge a t  the anionic 
head of I. This value of AG& is in agreement with values calculat- 
ed for dimerization of sodium lauryl sulfate (10) and in fair agree- 
ment with the -3400 cal/mole calculated for I from CMC data (3) 
at pH 10 in carbonate buffer, although in the latter work I dimers 
were not specified exclusively in the composition of the micelle. 
Work is continuing to interpret the multiple equilibria involved as 
the salt to I ratio leads to the formation of larger aggregates in so- 
lution. 
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Synthesis of Potential Adrenergic Blocking Agents: 
2-Substituted Aminomethylnaphtho(2,3-b)-1,4-dioxans 


KISHOR B. PAREKH, WILLIAM H. SHELVER’, AI-YU SHEN TSAI, and 
RICHARD REOPELLE 


Abstract Eleven 2-substituted aminomethylnaphtho(2,3-b)- Keyphrases 0 Aminomethylnaphtho(2,3-b)-1,4-dioxans, 2-substi- 
l,4-dioxans were synthesized. The nucleophilic displacement of 2- tuted-synthesized and screened as potential adrenergic blocking 
tosyloxymethylnaphtho(2,3-b)-1,4-dioxan by appropriate amines agents 0 Dioxans-synthesis and screening of 2-substituted ami- 
was carried out using dimethyl sulfoxide as the solvent. Prelimi- nomethylnaphtho(2,3-b)-1,4-dioxans as potential adrenergic 
nary pharmacological evaluation revealed a potentiation of norepi- blocking agents 0 Adrenergic blocking agents, potential-synthe- 
nephrine at  low doses and a noncompetitive antagonism at  high sis and screening of 2-substituted aminomethylnaphtho(2,3-b)- 
doses in the rat vas deferens and a dose-related hypotensive action 1,4-dioxans 
of short duration in the anesthetized rat. 


Bovet and Simon (1) were the first investigators to tain actions of epinephrine. Piperoxan blocked nor- 
demonstrate that 2-substituted aminomethyl-l,4- epinephrine by means of competitive antagonism in a 
benzodioxans (I) possessed the ability to block cer- study utilizing the rat vas deferens (2). The effects of 
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Table I-Physical Properties of the Hydrochloride Salts of 2-Substituted 
Aminomethylnaphtho(2,3-b)-1,4-dioxans 


Analysis, % 
Compound R Melting Point  Yield, % Calc. Found 


IIa 


IIb 


IIC 


IId 


IIe 


IIf 


IIg 


IIh 


III 


IIj 


IIk 


n 
N N-CH, 
U 


HNCHzCH(0H)CaHs 


225-227' 


226-227 O 


198-200 O 


193-195 O 


174-175' 


275-277' 


252-253 O 


245-247 O 


269-270' 


244-245 O 


274-275 O 


40 


30 


58 


22 


70 


60 


79 


70 


82 


55 


52 


C 64.40 
H 6.48 
N 5.01 
C 66.34 
H 7.20 
N 4.55 


C 67.95 
H 7.79 
N 4.17 
C 67.95 
H 7.79 
N 4.17 
C 69.31 
H 8.30 
N 3.85 
C 67.60 
H 6.93 
N 4.38 
C 66.77 
H 6.59 
N 4.58 
C 63.45 
H 6.26 
N 4.35 
C 58.32 
H 6.51 


6k:t 
H 5.96 
N 3.77 
C 70.88 
H 6.22 
N 3.94 


64.55 
6.31 
5.23 
66.19 
7.18 
4.36 


68.07 
7.68 
4.04 
67.84 
7.76 
4.04 
69.48 
8.42 
3.68 
67.63 
7.07 
4.20 
66.96 
6.71 
4.45 
63.58 
6.40 
4.15 
58.34 
6.60 
7.41 
67.96 
6.04 
3.62 
71 .OO 
6.34 
3.77 


structural variation in the dialkylaminoalkyl side 
chain, in the dioxan ring, and on the aromatic portion 
of the molecule have been reviewed (3). An extension 
of the aromatic area of the benzodioxan nucleus 
might provide an additional area for receptor binding 
by means of van der Waal's attraction. Additional 
binding would increase the potency of the compound. 


Synthesis and biological evaluation of the 2-substi- 
tuted aminomethylnaphtho( 2,3-b) -l,4-dioxan (11) 
would indicate whether additional area on the recep- 
tor is available for this type of binding; therefore, 11 
derivatives of 2-substituted aminomethylnaph- 
tho(2,3-b)-1,4-dioxans were synthesized by means of 
the route shown in Scheme I. Previously, Augstein et 
al. (4) reported the synthesis of 2-guanidinomethyl- 
naphtho( 2,341) -1,4-dioxan. 


EXPERIMENTAL' 


2-Hydroxymethylnaphtho(2,3-b)-l,4-dioxan-To a stirring, 
refluxing mixture of 160 g (1.0 mole) of 2,3-dihydroxynaphthalene 
and 40 g (1.0 mole) of sodium hydroxide in 400 ml of 95% ethanol, 
92 g (1.0 mole) of epichlorohydrin was added dropwise. The reac- 
tion mixture was refluxed for 4 hr and cooled. The precipitate was 


The melting points of the compounds were determined on a Thomas- 
Hoover Uni-Melt apparatus and are uncorrected. IR spectra were obtained 
on a Perkin-Elmer model 337 IR spectrophotometar from potassium bro- 
mide pellets. NMR spectra were determined on a Varian model A-60A in 
CDCb solution, using tetramethylsilane as a reference. Microanalyaes were 
performed by Alfred Bernhardt mikroanalytische Laboratorium, West Ger- 
mr?ny. 


filtered, washed with ether and 95% ethanol, and recrystallized 
from benzene to yield 162 g (75%) of solid material, mp 156-157O. 
This compound was previously synthesized (41, but no physical or 
analytical data were reported. 


Anal.-Calc. for C13H1203: C, 72.21; H, 5.59. Found C, 72.34; H, 
5.66. 
2-Tosyloxymethylnaphtho(2,3-b)-l,4-dioxan-One hundred 


and eight grams (0.5 mole) of the above alcohol was treated with 
190 g (1.0 mole) of p-toluenesulfonyl chloride at Oo in anhydrous 
pyridine for 24 hr. The reaction mixture was poured onto ice, and 
the solid that separated was recrystallized from acetone-water to 
yield 157 g (85%) of a solid material, mp 127-128.5'. 


Anal.-Calc. for C20H1~0& C, 64.85; H, 4.89; S, 8.65. Fo,und C, 
65.02; H, 5.01; S, 8.56. 


2-Substituted Aminomethylnaphtho(2,3-b)-1,4-dioxa~ 
(Table 1)-A solution of 10 g (0.027 mole) of 2-tosyloxymethyl- 
naphtho(2,3-b)-1,4-dioxan in 100 ml of dimethyl sulfoxide was 
treated with an excess of the appropriate amine and heated to 80° 
for 36 hr. Then the reaction mixture was poured into ice, and the 
amine was isolated and converted to the hydrochloride salt. 


Blood Pressure Experiments-Male Wistar rats (300 g) were 
anesthetized with 35 mghg of secobarbital, and the arterial blood 
pressure was monitored at  the carotid artery by means of a linear 
core pressure transducer and recorded using a physiograph2. The 
drugs were injected into the femoral vein which had been previous- 
ly cannulated. Normal blood pressure varied between 120 and 140 


I I1 


2 E&M electronic physiograph. 
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Scheme 1 


mm Hg. The data were plotted as the percent reduction of blood 
pressure versus dose of the drug (Fig. 1). 


Vas Deferens Experiments-Male Wistar rats were killed by a 
blow on the head, and the vas deferens was dissected free. The ve 
deferens was placed in a tissue bath (23 ml) containing Tyrodes so- 
lution3 and connected to an isotonic writing lever registering on a 
kymograph. The Tyrodes solution was maintained at  35' and aer- 
ated with 95% 0 ~ 5 %  COz. The vas deferens waa made to contract 
maximally with high doses of norepinephrine prior to beginning 
the cumulati,ve response curves. Cumulative response curves were 
prepared by adding norepinephrine, allowing the muscle to equili- 
brate, adding twice the previous concentration of norepinephrine, 
and allowing the equilibration to occur until the muscle failed to 
contract further. The vas deferens was then washed with Tyrodes 
solution until the muscle relaxed to the original state. 


Two cumulative curves of norepinephrine were obtained prior to 
beginning experiments on the naphthodioxans. The naphthodiox- 
an was then added to the bath, and the response to norepinephrine 
was again determined. The minimal dose of naphthodioxan used 
was 4.4 x 
mole/li@r. The percent response to the drugs was then compared 
to norepinephrine controls (Fig. 2). 


molebiter, and the maximum dose was 4.4 X 


PHARMACOLOGICAL EVALUATION 


In a preliminary pharmacological study, the dimethylamino, di- 
ethylamino, dipropylamino, and the piperidino compounds were 
tested for their effects on blood pressure in rats. Each drug was 
tested on one rat in the preliminary screen. All of these compounds 
lowered the blood pressure of the rat, with the piperidino com- 
pound being the most active; however, the duration of the blood 
pressure response was extremely short. 


Figure 1 shows the dose-response curve obtained with piperidi- 
nonaphthodioxan. When the piperidino compound was tested 
using the vas deferens preparation, the compound first potentiated 


s e l  I 


/ 


w a 


2- 0 
1 2 


DOSE, mglkg 


Figure 1-Effects of 2-piperidinomethylnaphtho (2,3-b) -I ,4- 
dioxan on the blood pressure of the rat. The points represent 
results on an individual rat, and the curve is arbitrarily drawn 
to go through the origin. 


Containing (per liter) 8.0 g of NaCI, 0.1 of KCI, 0 2 g of CaClz, 0.005 g . 
of NaHzPO,, 1.0 g of NaHCOs, and 1.0 g of gfucose. 


-6 , -5 
LOG NOREPINEPHRINE CONCENTRATION 


Figure 2-Effects of 2-piperidinomethylnaphtho (2,3-b) - I  ,4- 
dioxan on the rat vas deferens. The points were obtained on an 
individual vas deferens. All concentrations are in moles per 
liter. Key:  a, 4.4 X 0, control; and A, 4.4 X 


norepinephrine and then antagonized the effect of norepinephrine 
in a noncompetitive manner. The concentrations appropriate for 
the vas deferens experiment were found in a preliminary experi- 
ment, and a new vas deferens was utilized in the final test. Figure 2 
shows the effect of piperidinonaphthodioxan relative to the re- 
sponse demonstrated by norepinephrine. 


DISCUSS I 0  N 


The synthesis of these compounds is straightforward and calls 
for little discussion except for the utilization of dimethyl sulfoxide 
as the solvent for the displacement of the tosylate with the amine. 
This solvent greatly improves yields and shortens reaction times in 
the synthesis of dialkylaminomethyl-1,4-benzodioxans. 


The dose-related drop in blood pressure (Fig. 1) indicated that 
2-piperidinomethylnaphtho(2,3-b)-1,4-dioxan was an extremely 
potent hypotensive agent, producing a noticeable drop of 28 mm 
Hg a t  0.5 mghg. Unfortunately, the duration was extremely short, 
less than 30 sec, when the drug was given intravenously. 


The experiments on the rat vas deferens indicate that these 
compounds act by a different mechanism than the model com- 
pounds, the benzodioxans (I). The benzodioxans act by competi- 
tive inhibition, shifting the norepinephrine dose-response curve to 
the right. The response curve of norepinephrine was shifted to the 
left and the maximum response was increased at  low doses of pip- 
eridinomethylnaphtho(2,3-b)-1,4-dioxan whereas high doses de- 
pressed the maximum response. A similar type of response has 
been observed for protriptyline and desipramine (5). Avner and 
Triggle (6) observed an enhanced contraction to norepinephrine in 
the rat vas deferens exposed to 2-diethylamino-1,4-benzodioxans 
and attributed the enhancement to increased mobilization of calci- 
um. 


Two possible explanations exist for the naphthodioxans' ineffec- 
tiveness on the benzodioxan receptor. The transport of antagonists 
to the benzodioxan receptor may be partition coefficient depen- 
dent (Hansch-type relationship), or the naphthodioxans have a 
much greater lipid solubility than the corresponding benzodioxans 
and thus the naphthodioxans may not be transported to the recep- 
tor in an optimum fashion. An alternative and more attractive ex- 
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planation may be that the receptor for the benzodioxans will not 
accommodate the larger naphthodioxan. 
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Influence of Particle Size on Rectal 
Absorption of Aspirin 


EUGENE L. PARROTT 


Abstract 0 The rectal absorption of aspirin from theobroma oil 
suppositories was studied in seven human subjects using urinary 
excretion measurements. The effect of particle size on the excre- 
tion rate and cumulative amount of total salicylate excreted was 
demonstrated by the administration of a 600-mg dose as powdered 
aspirin and as aspirin disks having 0.023 as much surface as pow- 
dered aspirin. In uitro dissolution profiles of aspirin from the sup- 
positories were studied. By the NF XI11 Method 11, the time re- 
quired for 50% of the aspirin to dissolve from the suppository was 
50 and 100 min for the powdered aspirin and the aspirin disks, re- 
spectively. In the bioavailability study, the diffusion equilibrium 
was attained at approximately 4-5 and 9-10 hr after the rectal ad- 
ministration of powdered aspirin and aspirin disks, respectively. 
No correlation was found between bioavailability and the dissolu- 
tion profiles as determined by the USP XVIII dissolution method. 


Keyphrases Aspirin-absorption from theobroma oil supposi- 
tories, effect of particle size Dissolution-aspirin from supposi- 
tories, effect of particle size 0 Bioavailability-aspirin, effect of 
particle size, correlation with in uitro dissolution profiles 0 Parti- 
cle-size effect-aspirin absorption from suppositories Absorp- 
tion, rectal-effect of particle size on aspirin absorption from sup- 
positories 


Since early studies (1, 2), numerous investigations 
have demonstrated the influence of particle size on 
bioavailability from oral dosage forms. For poorly 
soluble drugs, it is widely recognized that a smaller 
particle size (greater surface) brings about more 
rapid dissolution and more rapid GI absorption. If 
absorption is rate limited by slow dissolution so that 
the drug is not completely absorbed from a solid dos- 
age form, the more.rapid absorption obtained by in- 
creasing the surface may also cause an increase in the 
total amount of the drug absorbed from a given dose 
(3-6). 


The purpose of this investigation was to demon- 
strate that the particle size of aspirin incorporated in 
a rectal suppository could influence absorption. As 
shown by plasma salicylate concentration (7) and uri- 
nary salicylate excretion (8), rectal administration of 
aspirin is as effective as oral administration. Wagner 


R. Worthing, and T. I. Wrigley, J. Med. Chem., 8,446(1965). 
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(9) cited certain general conclusions regarding ab- 
sorption of drugs following rectal administration in 
humans. The emphasis in investigating suppositories 
has been on physical characteristics (10, ll), the in- 
fluence of the base (12-14), and the in uitro release of 
the drug (15). By use of a simple aspirin and theobro- 
ma oil suppository, which melted at body tempera- 
ture, the effect on absorption of approximately a 40- 
fold difference in surface area of the aspirin was 
studied. 


EXPERIMENTAL 


Protocol-Six healthy male ‘and one healthy female subjects, 
25-49 years of age and 60-82 kg, participated. Subjects were am- 
bulatory and permitted to ingest food and fluids as desired. Urine 
samples were collected at  hourly intervals after rectal insertion of 
the suppository. Volumes of the urine samples were measured, and 
aliquots were retained for analysis. Although the pH of each sam- 
ple was measured, no attempt was made to control the pH. The 
formulations were coded, and a crossover technique was used with 
an interval of 1 week between bioavailability studies. 


Preparation of Suppositories-When using mineral oil in the 
pycnometer, the density of powdered aspirin1 was 1.40 g/cm3. An 
80-100-mesh fraction of the powdered aspirin was separated by a 
sieve shaker2. The average size of the fraction was assumed to be 
163 fim. Aspirin powder of 163-wm size was quantitatively mixed 
with theobroma oil3, placed in a suppository machinea, and 
pressed into a suppository containing 600 mg of aspirin and 475 
mg of theobroma oil. 


Disks of aspirin were made by compressing the powdered aspirin 
with a 0.3175-cm (0.125-in.) flat-faced punch and die set. The 
length and diameter of each disk were measured using an optical 
micrometer5. Disks were selected so that 13 disks weighed 600 mg. 


Suppositories containing the disks were prepared by the fusion 
method. The cavity of the mold was approximately one-third filled 
with melted theobroma oil, several disks were added, and the mass 
was allowed to congeal. This procedure was repeated until all disks 
had been added and the cavity was filled. The mold was immedi- 
ately placed in a refrigerator so that the disks were not in contact 


USP, fine crystal, J. T. Baker Chemical Co. 


Cocoa butter. 
* Allen-Bradley sonic sifter. 


‘ Armstron suppository machine No. 3. 
5 Gaertner gcientific Corp. 
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